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general introduction

Type 2 diabetes mellitus
Diabetes mellitus is among the most common chronic diseases, with an estimated global 
prevalence of 415 million people in 2015. It is estimated that this number will grow to 642 
million people by 2040 (1). Type 2 diabetes mellitus is the most common form of diabetes 
mellitus, affecting 85-90% of those who have diabetes mellitus. Type 2 diabetes mellitus is 
characterized by hyperglycaemia that results from defects in insulin sensitivity of the liver, 
muscles and adipose tissue, and defects in insulin secretion from the beta cells of the pancreas. 
Main risk factors for type 2 diabetes mellitus are aging, obesity and physical inactivity. Type 
2 diabetes mellitus is also often accompanied by other cardiovascular risk factors including 
dyslipidemia and hypertension. Complications of diabetes mellitus include retinopathy, neu-
ropathy, and nephropathy (microvascular complications), and stroke, myocardial infarction, 
and peripheral arterial disease (macrovascular complications). As the symptoms of type 2 
diabetes mellitus, or specific hyperglycaemia (polyuria, polydipsia, fatigue, blurred vision), may 
be mild and non-specific, the disease can be smouldering for a long time (months – years), 
before it is detected (2,3). For people with type 2 diabetes mellitus many therapeutic oppor-
tunities are available; from improved lifestyle, including dietary adjustments and increasing 
physical activity (losing weight, improving insulin resistance), to various anti-hyperglycaemic 
oral agents and subcutaneous insulin (4).

According to the World Health Organisation (WHO) 2006 criteria, diabetes mellitus is 
defined as a fasting glucose ≥ 7.0 mmol/l and/or 2hr post-load glucose ≥ 11.1 mmol/l. In 
addition, the definition for an impaired glucose tolerance (IGT) is a fasting glucose < 7.0 
mmol/l and a 2hr post-load glucose ≥ 7.8 mmol/l and < 11.1 mmol/l, and the definition of 
an impaired fasting glucose (IFG) is a fasting glucose 6.1 to 6.9 mmol/l and a 2hr post-load 
glucose < 7.8 mmol/l) (5). The American Diabetes Association (ADA), uses a reduced lower 
cut-off point of fasting glucose for the definition of IFG: ≥ 5.6 mmol/l. In addition, the ADA 
stated that a Hba1c level of  ≥ 5.7 to 6.4% can be used to identify people with an increased 
risk for diabetes mellitus and that a Hba1c level of  ≥ 6.5 % can be used to identify those with 
diabetes mellitus (6). In 2011, the WHO adopted this last recommendation (7). However, 
studies suggest that HbA1c levels are rather a marker of glycaemic control in people with 
diabetes mellitus than a diagnostic marker for diabetes mellitus, as other factors besides 
plasma glucose, influence the concentration of HbA1c (8,9). Therefore, Dutch general prac-
titioners are advised to use plasma glucose levels, instead of HbA1c levels, for diagnosing 
diabetes mellitus (9). 

Depression 
Major depression is a mental disorder that affected an estimated number of 350 million 
people worldwide in 2012 (10). Depression appeared to be the leading cause of disability 
worldwide (11). 
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Risk factors for depression are female sex, a low educational level, low socioeconomic status, 
comorbid anxiety disorders, a family history of depression, history of depression, comorbid 
physical chronic diseases, and exposure to stressful life events (12-14).
The gold standard for diagnosing a major depressive episode or major depressive disorder 
(having ≥ 2 depressive episodes) is a structural diagnostic interview based on established 
diagnostic criteria, executed by a trained professional (15). According to the Diagnostic and 
Statistical Manual of Mental Disorders 5th edition (DSM-V), criteria for a major depressive 
episode are the daily presence of five of the following nine symptoms for at least 2 weeks: 
1) depressed mood, 2) loss of interest or pleasure, 3) weight loss or weight gain (change 
of 5% in one month) or change of appetite, 4) insomnia or hypersomnia, 5) psychomotor 
agitation or psychomotor retardation, 6) fatigue/loss of energy, 7) feelings of worthlessness 
or guilt, 8) impaired concentration or indecisiveness, and 9) thoughts of death. Depressed 
mood and loss of interest or pleasure are key symptoms, and at least one must be present 
for the diagnosis of a major depressive episode. Furthermore, the symptoms must cause 
distress and/or impairments in social life, work or other domains. Other diagnostic criteria 
include the absence of a manic episode or a psychotic disorder, and the symptoms must not 
be attributable to another medical condition (15).
Diagnostic interviews are time consuming, therefore in large studies, self-reported ques-
tionnaires are assessed. In this thesis the Center for Epidemiologic Studies Depression Scale 
(CES-D) questionnaire was used.

Center for Epidemiologic Studies Depression Scale (CES-D)
The CES-D is a self-reported questionnaire, developed in 1977 by Lenore Sawyer Radloff 
to study the epidemiology of depressive symptoms in the general population. The aim of the 
self-reported CES-D is to assess depressive symptoms of the previous 7 days. Depending 
on the frequency of occurrence of each symptom, questions are scored from zero to three, 
resulting in a total score that can range from zero (no depression at all) to sixty (very severe 
depression). In this thesis, the widely applied cut-off score of ≥ 16 will be used to identify 
clinically relevant depressive symptoms (16,17). 
The CES-D questions can be used to calculate four subscales: depressed affect (depressed, 
lonely, crying spells, sad), positive affect (hopeful, happy), somatic complaints (poor appetite, 
talk less, not get going, sleep restless), and interpersonal (people unfriendly, feeling being 
disliked) (16). 
The CES-D appeared to have good psychometric properties; high internal consistency, ade-
quate test retest repeatability and construct validity (16). This is also true for the Dutch 
translation of the CES-D (17,18). 

Depression – pathophysiological mechanisms
Several neurobiological mechanisms have been suggested to contribute to the pathogenesis 
of depression. These mechanisms include deficiency in serotonin, dopamine and/or norepi-
nephrine neurotransmission in the brain (the monoamine-deficiency hypothesis). One of the 
other mechanisms could be dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis 
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in response to stress expressed by elevated cortisol levels (19). Furthermore, people with 
depression exhibit characteristics of low-grade systemic inflammation, including increased 
levels of cytokines, acute-phase proteins, and chemokines in both the cerebrospinal fluid and 
the peripheral blood, and increased inflammation appeared to predict depressive symptoms 
at follow-up (20,21).
It is important to realize that major depression is a heterogeneous disorder, as different 
symptom clusters are possible (22). Moreover, opposite symptoms can occur and lead to 
the same diagnosis of major depression, such as hypersomnia and insomnia, or eating more 
(and gaining weight) versus eating less (and losing weight) (22). There are also considerable 
differences with variation in age of onset, course, and treatment response. Probably, the 
underlying pathological mechanism of depression is linked with the depression phenotype 
(19). For example, people with typical or melancholic depression (lack of mood reactivity, 
weight loss, loss of appetite, early morning awakening, worse mood in de morning, excessive 
guilt) appeared to have higher saliva cortisol awakening curves and higher diurnal slopes 
than people with atypical depression (mood reactivity, hypersomnia, weight gain, increased 
appetite/hyperphagia) or controls. People with atypical depression had higher concentrations 
of inflammatory markers, BMI, waist circumference, and triglycerides, and lower high density 
lipid cholesterol, factors associated with low-grade systemic inflammation and metabolic 
dysregulation (23).

Health status
Health status, also referred to as health-related quality of life or functional status, concerns 
physical and mental well-being. Health status is frequently mistaken for quality of life, while 
impaired health may not necessarily lead to an impaired quality of life, and vice versa (24,25). 
Measuring health status allows evaluating the impact of diseases or disease-specific treatment. 
There are two types of instruments evaluating health status: generic instruments, which are 
used in studies concerning the general population or condition-specific populations, and 
second, disease-specific instruments, which are used among populations with a specific 
condition (24). In this thesis the 36-item, self-reported, Short Form-36 questionnaire, which 
is a generic instrument, will be used. 

The Medical Outcomes Study 36-item short-form health survey (SF-36)
The SF-36 is developed in the United States of America in the late 1980s to survey health 
status in the Medical Outcomes Study. Since then, the SF-36 is one of the most frequently 
used generic instruments that measures health status (25). The SF-36 spans eight health con-
cepts, also called domains, and two component summary measures: 1) physical functioning, 
2) role limitations due to physical problems, 3) bodily pain, 4) general health perceptions 
(together presenting the physical component summary), 5) mental health, 6) vitality, 7) social 
functioning, and 8) role limitations due to emotional problems (together presenting the 
mental component summary). There are set response choices on an ordinal scale for each 
of the SF-36-items. For every domain, scores are converted to a 0 to 100 scale, with higher 
scores indicating a better health status (26,27). The SF-36 is reliable and valid for measuring 
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health status in primary care patiens (28), and specific in those with type 2 diabetes mellitus 
(29). Furthermore, the Dutch translation of the SF-36, developed in 1992-1996 by Aaronson 
et al.(30), appeared to have good psychometric properties (30).  

Depression and poor health status in type 2 diabetes mellitus
Evidence from meta-analyses of longitudinal epidemiological studies suggests a bidirectional 
relation between depression and type 2 diabetes mellitus; people with type 2 diabetes mellitus 
have a 1.6-2 times increased risk for prevalent depression (31,32), and a 24% increased risk for 
incident depression (33), vice versa, people with depression have a 37%-60%, increased risk 
for incident type 2 diabetes mellitus (31,33-35). Furthermore, in people with type 2 diabetes 
mellitus, depression appeared to be recurrent or chronic in 66% of the cases (36).
In addition, previous research demonstrated that people with type 2 diabetes mellitus have 
a poorer health status compared to the general population (134-136), particularly in people 
with diabetes mellitus and elevated depressive symptoms (37).
 
Depressive symptoms and fatigue are (among other) factors associated with a reduced 
(health-related) quality of life in people with type 2 diabetes mellitus (38,37,39). Patholog-
ical fatigue occurs after minimal effort and does not diminish despite rest. Fatigue can be 
peripheral or central, with the first manifesting as a decrease in muscle tension capacity 
after repeated stimulation, and the second as failure to execute attentional tasks. Causes for 
peripheral fatigue could be neurological, a low hepatic or muscular glycogen stores, muscle 
fiber changes (due to physical inactivity, ageing), and causes for central fatigue include dis-
turbances in neurological connections, which are vulnerable for hypoxia, inflammation and 
neurotransmitter doses alterations (39).

Depression and fatigue in people with type 2 diabetes mellitus are associated with developing 
diabetes-specific complications, and depression in people with type 2 diabetes mellitus is 
related with lower rates of HbA1c, blood pressure and low density lipoprotein cholesterol 
goal attainment and a higer risk for incident dementia (37-42). Moreover, in people with 
depression and diabetes mellitus a 1.5 times higher mortality risk compared to diabetic 
people without depression was found (43), and several studies found evidence for a synergis-
tic interaction between depression and diabetes mellitus in relation with mortality (41,43-46). 

Depression and poor health status in type 2 diabetes mellitus: determinants
Logically, the increased depression risk and poor health status in people with type 2 diabetes 
mellitus is the result of the psychological burden of having a chronic disorder. However, a 
recent meta-analysis of fourteen studies, found a statistically significant increased odds ratio 
for the association between undiagnosed type 2 diabetes mellitus and depression (OR 1.27, 
95%CI 1.02 to 1.59) in people < 60 years, which suggests more than purely the “burden 
of knowing” of having type 2 diabetes mellitus and/or being subjected to diabetes-specific 
treatment, playing a role in the development of depression in people with type 2 diabetes 
mellitus (47).  
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Several factors, which could contribute to the increased depression risk, poor health status, 
and fatigue in people with type 2 diabetes mellitus, were investigated. So were adiposity, 
neuropathy and being of non-Dutch descent associated with depressive symptoms in out-pa-
tients with type 2 diabetes mellitus (48). In a recent meta-analysis that included thirteen 
studies, neuropathy was also found to be associated with a two times increased depression 
risk in people with type 2 diabetes mellitus (OR 2.01, 95%CI: 1.60 to 2.54) (49). Further-
more, in a longitudinal study of 1100 adults with type 2 diabetes mellitus, physical inactivity 
appeared to be related with the development and maintenance of major depressive symp-
toms, measured with the Patient Health Questionnaire 9 (50). Also, among U.S. adults with 
type 2 diabetes mellitus, insulin use was associated with a higher prevalence rate of major 
depression (51). Last, co-morbid chronic diseases may play a role in the development of 
depression in people with type 2 diabetes mellitus (33). 

Interestingly, people with type 2 diabetes mellitus and people with depression share patho-
logical neurobiological pathways, including (hyper)activation of the sympathic nervous system 
and HPA axis, and other pathways such as (cytokine-mediated) low-grade systemic inflam-
mation, oxidative stress and endothelial dysfunction (52,53). In addition, there is evidence for 
a genetic overlap between depression and type 2 diabetes mellitus (54).
Continuing the inflammation hypothesis, a contribution of the adipose-derived secreted 
factors, adiponectin and leptin is hypothesised. Adiponectin is an anti-inflammatory protein 
inhibiting the cytokine tumor necrosis factor alpha (TNF-α). Hypoadiponectinemia is seen 
in individuals with obesity and is linked with major depressive disorder. Leptin levels are, in 
contrast to adiponectin, increased in obese individuals, probably caused by leptin resistance 
similar to hyperinsulinemia in patients with type 2 diabetes mellitus. The role of leptin in 
depressive symptoms is less evident with both decreased and increased levels of leptin linked 
with depressive symptoms (55). It is thought that adiponectin and leptin influence depressive 
symptoms by modulating the production of steroids via the hypothalamic pituitary adrenal 
(HPA) axis (55).
Taking this together, people with type 2 diabetes mellitus might be more vulnerable for 
depression due to biological changes, which facilitate the development of depression.

Next to depression and fatigue, other determinants associated with a reduced health status in 
patients with type 2 diabetes mellitus are stroke, neuropathy, myocardial infarction, congestive 
heart failure, fear for hypoglycemia, comorbid conditions, insulin use, obesity, low metabolic 
equivalent capacity, blindness, dialysis, foot ulcers, and amputation (37-39,56-59,60).
Concerning fatigue in type 2 diabetes mellitus, various physiological, psychological and lifestyle 
factors are suggested to play a role, including acute hyperglycemia, hypoglycemia, glucose fluc-
tuations (via inducing oxidative stress and inflammatory markers), nephropathy (via anemia), 
neuropathy, female sex, diabetes-specific emotional distress, obesity, comorbid conditions, 
and physical inactivity (39,61).
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Vascular depression hypothesis
Another hypothesis than can be used to explain the development of depression in people 
with type 2 diabetes mellitus is the “vascular depression hypothesis” in which damage to the 
cerebral microcirculation results in neuronal cell death, damage to corticostriatal connectiv-
ity, and so to brain dysfunction (depression, dementia) (62-65). Diabetes mellitus enhances 
endothelial dysfunction via formation of advanced glycation end products, oxidative stress and 
accumulation of glucose in endothelial cells, resulting in increased (micro) vascular damage 
(66). Vascular depression is associated with older age, late age of onset of depression, non-
psychotic depression, cognitive deficits, no family history of depression, poor or only partial 
response to antidepressants, and more symptoms of anhedonia, psychomotor retardation, 
and functional disability (63,67,68). 
In research, there are two ways of subtyping vascular depression: by neuropsychological 
evaluation to determine executive dysfunction and by brain magnetic resonance imaging 
(MRI) to assess the presence and severity of white matter intensities (WMHs), which are 
thought to be the result of small cerebral infarctions. From recent research, both methods 
appeared to be correlated with each other (r -0.15 to -0.27), highly correlated with the 
Framingham vascular risk factor scores, and severity appeared to predict depression score 
over a 12-week course (67). 

Vitamin D
A low vitamin D status could be one of the contributing factors for depression and poor 
health status in people with type 2 diabetes mellitus. In a meta-analysis of 11 cross-sectional 
studies, serum 25(OH)D concentrations were lower in those with type 2 diabetes mellitus, 
compared to those without (69). In addition, in a meta-analysis of 23 studies, the prevalence 
of vitamin D deficiency was 1.35 times higher in obese people, and 1.24 times higher in 
people who were overweight compared to people in the eutrophic group. The association 
between obesity and vitamin D deficiency was irrespective of age, latitude and vitamin D 
deficiency cut-offs (70). 
Furthermore, in the general population, low vitamin D status is related with depression 
and poor health status in both cross-sectional and longitudinal studies (71-76). In addition, 
longitudinal studies have shown that low vitamin D status is associated with poor glycaemic 
control and the development of insulin resistance and type 2 diabetes mellitus (77,78).

Vitamin D3 is produced in the skin under the influence of sun exposure. Thus the use of 
sunscreens, latitude, skin pigmentation, clothing, season, and air pollution can influence the 
cutaneous vitamin D3 production. Vitamin D3 can also be obtained from (fortified) foods, 
such as fatty fish and dairy products, and supplements. Vitamin D2 results from irradiation of 
plant material with ultraviolet light. Some supplements contain vitamin D2, especially in the 
USA. With 70-80%, the main source of vitamin D is cutaneously formed vitamin D in adults. 
This percentage is lower in older persons (79,80).
When vitamin D (D2, D3, or both) is produced or ingested, it enters the blood and binds to 
the vitamin D binding protein (DBP). In order to be biologically active, vitamin D needs to 
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be hydroxylated twice. The first step is the conversion of vitamin D to 25-hydroxyvitamin D 
(25[OH]D) by 25-hydroxylase in the liver. 25(OH)D is the major circulating vitamin D mol-
ecule, and is used to measure vitamin D status. The last step is the hydroxylation of 25(OH)
D to 1,25-dihydroxyvitamin D (1,25[OH]2D) by the enzyme 1a-hydroxylase in the kidneys. 
This enzyme is under tight control of parathyroid hormone (PTH), calcium, phosphate, and 
1,25(OH)2D serum concentrations via a negative feedback system. 1,25[OH]2D is the 
ligand of the vitamin D receptor (VDR), which is a member of the superfamily of nuclear 
receptors that can regulate gene expression via their ligand (Figure 1.1). Vitamin D is widely 
known for its role in maintaining serum calcium, and second for metabolic function, signal 
transduction and neuromuscular activity.  Via the VDR, 1,25[OH]2D stimulates the absorption 
of calcium from the intestine, the resorption of calcium from the bone, and renal calcium 
reabsorption (79,80). 
Due to the discovery that most tissues and cells, including pancreatic beta cells, immune 
cells, and brain cells, contain the intracellular vitamin D receptor (VDR), and the enzym 
1a-hydroxylase to activate 25(OH)D, vitamin D has been linked to numerous non-skeletal 
conditions, such as cancer, autoimmune diseases, cardiovascular disease, depression, and 
diabetes mellitus (79,81,82). 

Figure 1.1. Activation of vitamin D produced in the skin in reaction on sun exposure, or obtained from 
foods/supplements. VDR: Vitamin D receptor 

7-dehydrocholesterol 
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Vitamin D deficiency
The Institute of Medicine (IoM) concluded that a serum 25(OH)D of ≥ 50 nmol/l will cover 
the requirements for bone and overall health of ≥ 97.5% of the healthy population. To be 
ensured that everybody gets enough vitamin D, the IoM sets the recommended dietary 
allowance (RDA) of vitamin D at amounts that reflect the upper end of the distribution 
of the biological requirement (25[OH]D ≥ 50 nmol/l), that is 600 IU/day for people aged 
between 1 and 70, and 800IU/day for those >70 years (83). 
The guideline of the IoM has been criticized by the authors of the Endocrine Society Clinical 
Practice Guideline concerning vitamin D deficiency and vitamin D supplementation (80). They 
stated that it was incorrect by the IoM to conclude that serum 25(OH)D ≥ 50 nmol/l would 
cover the requirements for bone and overall health, as the panel of the IoM concluded they 
did not know whether nonskeletal benefits of vitamin D might be present (or at what serum 
25(OH)D level). Furthermore, there is evidence for an improvement of skeletal health above 
the serum 25(OH)D level of 50 nmol/l (80). Therefore the Endocrine Society states that 
the desirable serum 25(OH)D level is ≥ 75 nmol/l to optimize calcium, bone, and muscle 
metabolism, corresponding with 1,500-2,000 IU/day of vitamin D in adults (80). 

Serum 25(OH)D level and obesity
Several theories have been formulated to explain the relatively low serum 25(OH)D levels 
in people with obesity. First, the following lifestyle factors could play a role: a poor diet with 
a low vitamin D intake, physical inactivity (less outdoor activities and thus less sun exposure), 
and covering the body (leading to reduced cutaneous production of vitamin D). Second, 
before entering the liver for the first hydroxylation the sequestering of vitamin D by body 
fat, and third, greater local use of 25(OH)D due to activation of the enzyme 1α-hydroxylase 
in the adipose cells (70). 

Vitamin D, depression, and health status - mechanisms 
Different theories of how vitamin D can affect mood have been described since 25(OH)D 
can cross the blood-brain barrier, and in 2005 the distribution of the VDRs and the enzyme 
1α -hydroxylase in the human brain were identified (82,84). Some of the identified areas in 
the brain that contain the VDR and the enzyme 1α -hydroxylase, appeared to be involved 
in the pathophysiology of depression, including the hippocampus, thalamus, hypothalamus, 
substantia nigra, prefrontal cortex and cingulate gyrus (82,85). 
Animal studies found anatomic differences including increased brain weight due to decreased 
apoptosis, and behavioral changes indicative of increased anxiety in rodents deprived of vita-
min D or lacking a functional VDR, compared to controls (84). Furthermore, 1,25(OH)2D 
increases tyrosine hydroxylase in adrenal glands, the rate-limiting enzyme of norepinephrine, 
adrenaline, and dopamine synthesis (86,87). In addition, there is cross-talk between the VDR 
and glucocorticoid receptors in the hippocampus in vitro studies (88). 
Also, via regulation of neurotrophic factors including nerve growth factor (NGF) and glial cell 
line-derived neurotrophic factor (GDNF), intracellular calcium homeostasis, and prevention 
of oxidative damage to nerve cells, vitamin D might have neuroprotective effects (89).
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Other biological pathways linking hypovitaminosis D with depression and poor health 
status might be low-grade systemic inflammation, increased oxidative stress, and endothelial 
dysfunction (90,91). Low serum 25(OH)D concentrations were associated with vascular 
endothelial dysfunction in healthy middle-aged/older adults (91). In addition, experimental 
studies found evidence for the modulation of the inflammatory response of immune cells 
(macrophages, monocytes) by vitamin D (90). However, cross-sectional studies reported 
conflicting results concerning the relation between lower serum 25(OH)D levels and higher 
inflammatory biomarkers. Moreover, vitamin D supplementation appeared to attenuate the 
inflammatory response only in less than half of the clinical trials. The trials however varied 
considerably in study population, study sample and vitamin D intervention (90). 

Vitamin D, depression, and health status - epidemiology
Meta-analysis of three cohort studies showed an increased hazard ratio of depression for 
the lowest versus highest vitamin D categories (HR 2.21, 95%CI: 1.40 to 3.49, n = 8815). 
In contrast, no association between vitamin D status and depression was observed when 
using pre-specified vitamin D cut-off points or when evaluating depression risk per 20 nmol/l 
change in serum 25(OH)D level (71). In another meta-analysis, which included five cohort 
studies, a decreased odds ratio for depression per 10 ng/ml (25 nmol/l) increase in serum 
25(OH)D level (OR 0.92, 95%CI: 0.87 to 0.98, n = 12,648) was found (72). However, in this 
meta-analysis heterogeneity was observed. 
Furthermore, in a meta-analysis of seven randomised placebo-controlled trials, vitamin D 
supplementation appeared to have no effect on depressive symptoms in the overall anal-
ysis (standardized mean difference -0.14, 95%CI: -0.33 to 0.05) (92), but heterogeneity 
was observed (vitamin D supplementation: amount, frequency, duration) (92). An additional 
post-hoc analysis in people with depression at baseline however, showed that vitamin D sup-
plementation had a moderate, statistically significant effect (two studies (93,94): standardised 
mean difference  -0.60, 95% CI: -1.19 to -0.01) (92). A second meta-analysis performed 
by Spedding (95) focused on RCTs without flaws (such as incorrect dose of vitamin D, 
no measurement of 25(OH)D levels before and/or after vitamin D supplementation, high 
baseline serum 25(OH)D level) (95). Spedding found seven studies without flaws, of which 
six studies showed an improvement of depressive symptoms after vitamin D supplemen-
tation. Six of the nine studies with flaws found no effect of vitamin D supplementation on 
depressive symptoms. Meta-analysis of two comparable studies without flaws, that included 
depressed and overweight people with similar serum baseline 25(OH)D level (57 and 55 
nmol/l, respectively), same depression questionnaire (the Beck Depression Inventory), and 
vitamin D doses over 800 IU/day, found an effect of vitamin D supplementation for improving 
depression (standardised mean difference 0.78, 95%CI: 0.24 to 1.27) (95). 

Concerning health status, an association between low vitamin D status and a poor health 
status was found in observational studies (73-76). A systematic review of vitamin D sup-
plementation (not all placebo-controlled) performed by Hoffmann et al. (96) found in four 
of seven studies in the category diseased people (no diabetes) and vitamin D intervention 
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for six months or less, an improvement of health status (domains: physical functioning, role 
limitations due to physical problems, bodily pain and vitality) after vitamin D supplementation. 
These findings were interpreted by the investigators as evidence for a small to moderate 
positive effect of vitamin D supplementation on the short term on health status in diseased 
people. However, no meta-analysis could be performed as the result of heterogeneity in study 
population, vitamin D (dose, type) and used health status questionnaires (96). 

Concerning fatigue, randomised-placebo controlled trials of vitamin D supplementation are 
scare. One intervention study of vitamin D supplementation in primary care patients was 
found that was not blinded or placebo-controlled. This study showed statistically significant 
higher scores (improvement) on the general, physical, emotional, mental and vigor scale (using 
the Multidimensional Fatigue Symptom Inventory Short Form instrument) after five weeks of 
vitamin D supplementation (ergocalciferol 50,000 IU three times per week) in people with 
a low baseline vitamin D status and fatigue as their main problem (97). 

Next to mental health, also a relation between low vitamin D status and poor physical health 
and physical functioning can be hypothesised, which in turn can affect mental health. 
So is low vitamin D status linked with reduced muscle mass and (proximal) muscle weak-
ness (98). Furthermore, very low serum 25(OH)D levels (< 25 nmol/l) are associated with 
osteoporosis and osteomalacia, and especially osteoporosis is highly prevalent in hip fracture 
patients. Moreover, vitamin D supplementation decreases the risk for hip fracture (99).  

Vitamin D, depression and health status in type 2 diabetes mellitus (Figure 1.2)
As previously mentioned, we hypothesise that people with type 2 diabetes mellitus are vul-
nerable for depression and poor health status due to pathological neurobiological changes/
activated pathways, advantageous for the development of depression (vascular depression 
hypothesis) and poor health status. These pathological changes may include low-grade sys-
temic inflammation, oxidative stress and endothelial dysfunction, resulting in micro- and 
macrovascular damage. As mentioned above, vitamin D might interfere in these pathological 
pathways. Furthermore, low 25(OH)D levels are associated with the development and 
progression of atherosclerotic cardiovascular disease (100,101).  A few small clinical trials 
of vitamin D supplementation, with bone health as primary outcome, also investigated car-
diovascular health outcomes, and reported mixed results on cardiovascular events (100).  
However, results of well-designed randomised placebo-controlled trials testing the effect 
of vitamin D supplementation on (the progression of) atherosclerotic disease are not yet 
available (101).
There is a second mechanism how vitamin D deficiency can contribute to poor health status 
and depression in people with type 2 diabetes mellitus, and that is via worse glycaemic con-
trol. As the beta cells of the pancreas contain the VDR, and because of the presence of the 
vitamin D-response element in the human insulin promotor gene, it is assumed that vitamin 
D plays a role in insulin synthesis (102). Also, by altering calcium flux through the membranes 
of beta cells and insulin-target tissues including the liver, muscle and adipose tissue, vitamin 
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D might be a determinant of insulin sensitivity (90). Longitudinal studies have shown that 
low vitamin D status is associated with poor glycaemic control, insulin resistance and type 
2 diabetes mellitus (77,78,103). However, (underpowered) RCTs reported mixed results 
concerning the effect of vitamin D supplementation on glyaemic outcomes in people with 
type 2 diabetes mellitus (77,78,104).  
Another possible link between low vitamin D status and depression in people with type 2 
diabetes mellitus is an elevated parathyroid hormone (PTH) level, that has been linked with 
depression, acute phase proteins, and insulin resistance (105,106).
Also, vitamin D deficiency may play a role in the development of diabetic peripheral neurop-
athy (DPN) and neuropathy of the brain, that in turn are risk factors for a poor health status 
and depression (above). Meta-analysis of six cross-sectional studies found decreased serum 
25(OH)D levels in DPN patients (weighted mean difference -6.36 ng/ml, 95%CI: -8.57 to 
-4.14), and there was a more than 2.5 times increased risk for DPN in vitamin D deficient 
people (three studies: adjusted OR 2.68, 95%CI: 1.67-4.30) (107).
Taking this together, we hypothesise that vitamin D in people with type 2 diabetes mellitus, 
leads to less (severe) micro- and macrovascular complications (especially neuropathy), and 
lower dose of antidiabetics including insulin (due to better glycaemic control), all factors 
associated with depression in people with type 2 diabetes mellitus (Figure 1.2).  
So far, no studies investigated the link between vitamin D status and depression or health 
status in people with type 2 diabetes mellitus. However, a randomised placebo-controlled 
trial of vitamin D supplementation in obese patients (without diabetes) reported a small, 
borderline statistically significant reduction of depressive symptoms (using the Beck Depres-
sion Index questionnaire), after 12 months of vitamin D supplementation (two intervention 
groups: cholecalciferol weekly 20,000 IU or 40,000 IU) (108).
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Figure 1.2. Hypothesised pathways how vitamin D affects physical and mental health in people with type 
2 diabetes mellitus (see text). 

Figure is simplified: some pathways overlap and/or interact (for example hyperglycaemia enhances endothelial 
dysfunction, resulting in increased inflammation).
NGF: nerve growth factor, GDNF: glial cell line-derived neurotrophic factor, PTH: parathyroid hormone.

Depression, type 2 diabetes mellitus and vitamin D: role of sex
Literature shows that determinants associated with depression and diabetes mellitus differ 
between males and females. For example, the reported symptoms, causal attribution, con-
sequences and coping mechanisms associated with depression are different for males and 
females. Even after stratification by clinically significant impairment, males with depression 
report fewer symptoms than females with depression. In addition, males with depression 
increase their physical activity (sports) and alcohol consumption, while females tend to cope 
through emotional release and religion. Furthermore, depression affects females more often 
in terms of a reduced quality of sleep and general health, whereas males suffer in their ability 
to work (109). Also, it is suggested that the effect of antidepressants is different for males 
and females, with females having a better response to selective serotonin reuptake inhibitors 
and males having a better response to tricyclic antidepressants (110,111). Last, the mortality 
risk for depressed (major and minor) males is higher than the mortality risk of depressed 
females (112,113). 
There are also sex differences in energy homeostasis and psychosocial responses associated 
with diabetes mellitus (114-117). Furthermore, efficacy and side effects of glucose lowering 
drugs appeared to differ between males and females with type 2 diabetes mellitus (115,116).
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Concerning vitamin D, oestrogen (use) may increase the levels of the vitamin D binding protein, 
and may increase the hydroxylation of vitamin D in the liver (118). Therefore, in this thesis, we 
have tested whether associations concerning health status, depression, diabetes mellitus and/
or vitamin D status are different for males and females (effect modification by sex).

Datasets that were investigated to answer the research questions of this thesis
In this thesis, data from a randomised, double-blind, placebo-controlled trial (SUNNY trial), 
and from three cohort studies were analysed: The Hoorn Study (THS), The New Hoorn 
Study (TNHS), and The Longitudinal Aging Study Amsterdam (LASA). 

The SUNNY trial (the study on the effect of vitamin D supplementation on glycemic control 
in type 2 diabetes) is a randomised, double-blind, placebo-controlled clinical trial, with the 
primary aim to investigate the effect of vitamin D supplementation on glycaemic control 
in adults (≥ 18 years) with type 2 diabetes mellitus derived from general practices (119). 
From July 2012 to April 2013, people with type 2 diabetes mellitus treated with lifestyle 
advices, metformin, and/or sulfonylurea (SU) derivatives, from five general practices in and 
around the Dutch city, Alkmaar, latitude 52°, were included in the study. Participants were 
randomised according to either an oral dose of cholecalciferol 50,000 IU once a month or 
an identically looking placebo once a month, for 6 months. Serum 25(OH)D levels, health 
status (SF-36), HbA1c, insulin resistance and beta cell function were assessed at baseline and 
after six months of vitamin D/placebo supplementation.

The Hoorn Study (THS) (120,121) is a population-based cohort study, which started in 
1989 with the objective to investigate the prevalence of type 2 diabetes mellitus, and asso-
ciated risk factors (120,121). In 1989, 2,484 people aged 50-74 years, were originated from 
a random sample of the municipal registry of the Dutch town, Hoorn, latitude N 52°. From 
January 2000 through July 2001 a third examination was organized, and all patients with type 
2 diabetes mellitus and a random sample of those with an impaired glucose metabolism 
or a normal glucose metabolism status were invited. For the present thesis, baseline data 
concerning glucose metabolism (according to the World Health Organization 2006 criteria), 
serum 25(OH)D level, and clinically relevant depressive symptoms (CES-D) from the third 
examination were used (n = 647). 

The New Hoorn Study (TNHS) started in 2006 in continuation of THS. From July 2006 to 
November 2007, a random sample of 6,180 people aged 40-65 years was again originated 
from the municipal registry of the town Hoorn. 2,807 people participated in the New Hoorn 
study at baseline. 1,735 individuals responded for a second examination (follow-up time 
varied from 3 to 10 years). For the present thesis, baseline data concerning serum 25(OH)
D level and type 2 diabetes mellitus (according to the World Health Organization 2006 
criteria), and baseline and follow-up data regarding clinically relevant depressive symptoms 
(CES-D) from 1,559 individuals were analysed. 
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The Longitudinal Aging Study Amsterdam (LASA) (122) was initiated to investigate changes 
in physical, cognitive, emotional and social functioning associated with ageing (122). In 1992 
a random sample of 3,805 Dutch individuals aged 55-85 years were recruited from munic-
ipal registries across three distinct regions in the Netherlands, including one large city and 
two smaller cities and the surrounding rural communities. The LASA population sample can 
be considered representative for the Dutch population. Eleven months later, 3,107 people 
participated in the first LASA cycle (1992-1993). Since then, three-yearly measurement 
cycles included a main interview, followed by a medical interview two to six weeks later. 
For the present thesis, data concerning diabetes mellitus (defined by an algorithm, type 1 or 
2 not specified), clinically relevant depressive symptoms (CES-D), and four-years mortality 
(obtained from municipality registers) from four LASA cycles (1992-1993, 1995-1996, 1998-
1999, 2001-2002) were used.  

Outline of the thesis
In the first part of this thesis the role of vitamin D in health status, glycaemic control, and (the 
development of) depression in people with (mainly type 2) diabetes mellitus was explored. 

In chapter two, the cross-sectional association between vitamin D deficiency (serum 25[OH]
D < 50 nmol/l) and health status is investigated in people with type 2 diabetes mellitus, using 
baseline data from the SUNNY trial (Figure 1.3)

Figure 1.3. Schematic representation of the hypothesis that low vitamin D status is associated with poor 
health status in people with type 2 diabetes mellitus.

In chapter three, the effect of six months of vitamin D supplementation on health status, one 
of the secondary outcomes of the SUNNY trial, was investigated (Figure 1.4). 

Figure 1.4. Schematic representation of the hypothesis that vitamin D improves health status, in people 
with type 2 diabetes mellitus.

In chapter four, we investigated the effect of six months of vitamin D supplementation on 
glycaemic control in a randomised, double-blind, placebo-controlled trial, conducted in people 
with type 2 diabetes mellitus (SUNNY trial) (Figure 1.5).

:
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Figure 1.5. Schematic representation of the hypothesis that vitamin D supplementation causes a better 
glycaemic control in people with type 2 diabetes mellitus.

In chapter five, we investigated, with data from The Hoorn Study, the association between type 
2 diabetes mellitus, impaired glucose metabolism and depression risk. We further explored 
whether low serum 25(OH)D level can be regarded as a mediator in the association 
between type 2 diabetes mellitus/impaired glucose metabolism, and depression (Figure 1.6).

Figure 1.6. Schematic representation of the hypothesis that low serum 25(OH)D is a mediator in the 
association between type 2 diabetes mellitus/impaired glucose metabolism and depression.

In chapter six, using data from The New Hoorn Study, the association between serum baseline 
25(OH)D levels and the course of depression was investigated (Figure 1.7.) Furthermore, 
we tested if the association between baseline serum 25(OH)D levels and depression was 
stronger in those with type 2 diabetes mellitus, compared to those with a normal glucose 
metabolism (interaction, Figure 1.8). 

Figure 1.7. Schematic representation of the hypothesis that low baseline serum 25(OH)D levels are 
associated with the course of depression in the general population. 
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Figure 1.8. Schematic representation of the hypothesis that type 2 diabetes mellitus interacts with low 
serum 25(OH)D levels, with regard to depression.

In the second part of this thesis, chapter seven focuses on sex differences between the associ-
ations of depression, diabetes mellitus, and coexisting depression and diabetes, with mortality. 
In that chapter also the potential interaction between depression and diabetes mellitus, with 
regard to mortality, will be investigated, assuming a synergistic interaction between depression 
and diabetes mellitus (Figure 1.9 and Figure 1.10). 

Figure 1.9. Expected mortality risk per depression/diabetes mellitus group (schematic). The mortality risk 
for people with coexisting depression and diabetes mellitus is expected to be super additive (synergistic), 
thus larger than the sum of the mortality risk of those with depression only and the mortality risk of 
those with diabetes mellitus only. 
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Figure 1.10. Schematic representation of the hypothesis that diabetes mellitus interacts with depression, 
with regard to mortality.
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abstract

Background 
Evidence from longitudinal studies suggests that low levels of vitamin D increase the risk 
for many adverse health outcomes, including depression, cardiovascular and metabolic 
diseases. The objective of the present study was to test whether vitamin D status was 
associated with health-related quality of life in patients with type 2 diabetes mellitus.

Methods 
Demographic and clinical characteristics including health-related quality of life were 
obtained from 241 adult patients with type 2 diabetes mellitus managed with oral 
hypoglycaemic agents. Health-related quality of life was assessed by the Short Form 36 
(SF-36) Health Survey. Multiple logistic regression analysis was used to investigate the 
association between vitamin D status and health related quality of life with adjustment 
for confounders.
 
Results 
Mean age of all patients included was 67 ± 8 years with a mean HbA1c of 52 ± 8 
mmol/mol (6.9 ± 0.7%) and mean serum 25-hydroxyvitamin D of 59 ± 23 nmol/l. 
Vitamin D deficiency (serum 25-hydroxyvitamin D < 50 nmol/l) was present in 38%. 
No significant associations were found between vitamin D status and health-related 
quality of life.

Conclusions 
Vitamin D status was not associated with health-related quality of life in patients 
with type 2 diabetes mellitus. This could be explained by the relatively high serum 
25-hydroxyvitamin D, well-controlled glycaemic control and relatively good health-rela-
ted quality of life of all patients. A prospective study among vitamin D deficient patients 
with a poor glycaemic control would be interesting for future research. 
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introduction 

Diabetes mellitus is a chronic disease affecting approximately 382 million persons world-
wide in 2013 (1). Patients with type 2 diabetes mellitus are at increased risk of developing 
micro- and macrovascular complications and cardiovascular disease, which subsequently 
compromises health-related quality of life (HRQOL) (2,3). Previous research has demon-
strated that patients with type 2 diabetes mellitus had a poorer (health-related) quality of 
life, a higher prevalence of generalized anxiety disorder and elevated symptoms of anxiety 
compared to the general population (2-5).  Moreover, depression is common in patients 
with type 2 diabetes mellitus, with a prevalence up to 24% in women and 13% in men. 
Depression in diabetes is associated with a considerably lower quality of life, higher HbA1c 
levels, increased risk of developing diabetes specific micro- and macrovascular complications, 
an increased mortality risk, and higher health-care costs (6-10). 
Much research has been conducted examining the factors that contribute to a decreased 
quality of life in patients suffering from type 2 diabetes mellitus (2,3). A potential factor could 
be low vitamin D status, which is highly prevalent in patients with type 2 diabetes mellitus, and 
has been linked to quality of life in several other populations with conflicting results (11-16). 
Vitamin D is a secosteroid that is obtained from dietary sources, either food or supplements, 
and exposure to sunlight. It needs to be hydroxylated twice to become biologically active. 
Besides its classical action in calcium and bone homeostasis, vitamin D deficiency has recently 
been linked to numerous non-skeletal conditions, including type 2 diabetes mellitus. This is 
the result of the discovery that most tissues and cells, including the brain, immune system and 
pancreatic β-cells contain the vitamin D receptor and the enzyme 1-alpha hydroxylase to 
convert serum 25-hydroxyvitamin D (25(OH)D) to its biologically active form which allows 
intracrine and paracrine functions (17). Vitamin D deficiency is a growing worldwide problem. 
In a cross-sectional study from a population-based cohort among 538 white Dutch patients 
with type 2 diabetes mellitus aged 60–87 years, the prevalence of serum 25(OH)D < 50 
nmol/l was 34% in the summer and up to 51% during winter (11). Low serum 25(OH)D has 
been linked to quality of life in several observational studies including study populations other 
than type 2 diabetes mellitus, e.g. patients with osteoporosis, Crohn’s disease, end-stage renal 
disease (new on dialysis) and patients suffering from chronic pain (12-16). The mechanism 
how vitamin D status may affect quality of life in patients with type 2 diabetes mellitus is not 
known. Hypothetically vitamin D may indirectly improve quality of life by influencing glycaemic 
control which has been correlated to vitamin D status in many observational studies (18). A 
recent meta-analysis performed by George et al.(19) found a small, non-significant, effect on 
glycaemic control (i.e. fasting glucose and insulin resistance) after vitamin D supplementation 
in patients with type 2 diabetes mellitus or impaired glucose tolerance compared to controls 
(19). In addition, vitamin D might influence systemic inflammation, which is linked to insulin 
resistance in type 2 diabetes mellitus, by modulating immune responses and oxidative stress 
(20). Moreover, vitamin D may have cardio-protective and anti-depressant effects that could 
help to maintain a good HRQOL (21,22).
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The aim of this study is to investigate whether vitamin D status is associated with HRQOL 
in patients with stable type 2 diabetes mellitus managed with oral hypoglycaemic therapy.
 

methods

Study design and participants
We conducted a cross-sectional study among 241 patients with type 2 diabetes mellitus 
derived from five general practices in and around Alkmaar, the Netherlands at latitude 52º. 
The participants were included between July 2012 and April 2013 in a randomised place-
bo-controlled trial (“the SUNNY trial”), in which the effect of 50,000 IU vitamin D3 once a 
month during six months versus placebo was examined on glycaemic control in patients 
with type 2 diabetes mellitus. The trial was approved by the Medical Ethics Committee of 
North-Holland, the Netherlands. The trial protocol is described in greater detail elsewhere (23).  
In brief, adult patients (≥ 18 years) with type 2 diabetes mellitus treated with lifestyle advice, 
metformin, or sulphonylurea-derivatives, whether or not in combination, were invited for 
participation in the study. Serum HbA1c had to be stable and below or equal to 64 mmol/
mol (8.0%) for the last three months without recent changes in hypoglycaemic agents. The 
main exclusion criteria were: an impaired renal function (estimated glomerular filtration rate 
(eGFR) < 30 ml/min calculated from serum creatinine using the MDRD formula), any gran-
uloma forming disorder, hypercalcaemia (serum calcium > 2.65 nmol/l) of any reason, serum 
25(OH)D < 15 nmol/l or > 150 nmol/l, urolithiasis, psychiatric treatment for schizophrenia, 
organic mental disorder or bipolar disorder currently or in the past, insufficient knowledge 
of the Dutch language and substance abuse (other than nicotine) or no signed informed 
consent. The patients were allowed to take vitamin D supplements with a maximum dose 
of 400 IU a day prior to inclusion. 

Study variables
The following data were collected: age, gender, ethnicity, marital status, education level, 
employment status, diabetes duration, diabetic specific complications, medication use and 
diabetic therapy, co-morbidities, smoking status, alcohol use, dietary fish and dairy intake, 
physical activity, sun exposure and season of blood collection. Also standard anthropome-
tric data (height, weight) and venous blood collection were obtained from each patient. 
Serum 25(OH)D level was measured on an iSYS automated immunoanalyser (IDS GmbH, 
Frankfurt, Germany). The total 25(OH) D assay detects 25(OH)D2 and 25(OH)D3, both with 
a specificity of 100%. The quality of the test is controlled by applying Westgard QC-rules on 3 
different QC-samples.

Health-related quality of life (HRQOL)
HRQOL was assessed at baseline using the Short Form 36 (SF-36) Health Survey in Dutch 
language. The SF-36 consists of 36 questions and set response choices on an ordinal scale. 
There are eight domains and two summary measures: physical functioning, role limitations 
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due to physical problems, bodily pain, general health perceptions (together presenting the 
physical component summary), and mental health, vitality, social functioning and role limi-
tations due to emotional problems (together presenting the mental component summary 
measure) (24). For each domain, the HRQOL scores are converted to a 0 to 100 scale, 
with higher scores indicating a better HRQOL. The SF-36 has adequate internal consistency 
(Cronbach’s α from 0,65 to 0,94, diabetes specific from 0,76 to 0,93) and test-retest reliability 
(r = 0.63 - 0.81) (25,26). In 1994 Aaronson et al. (27) translated and validated the Dutch 
Language version of the SF-36 (Cronbach’s α from 0,66 to 0,93, mean 0.84) (27).

Statistical analyses
For the purpose of the present cross-sectional study participants were stratified into two 
groups according to their vitamin D status: 1) serum 25(OH)D < 50 nmol/l, defined as 
vitamin D deficiency, and 2) serum 25(OH)D ≥ 50 nmol/l, indicating a sufficient vitamin D 
status. Patient demographic and clinical characteristics were compared using a Pearson’s 
chi-squared test for categorical variables and an independent sample t-test or mann-whitney 
test for continuous variables depending on normality. Multiple logistic regression analyses 
were performed to explore the association between vitamin D status (serum 25(OH)D 
below and above 50 nmol/l) and each domain of HRQOL. All analyses were adjusted for 
age, gender, season of measurement, pre-existing cardiovascular disease and BMI, based 
on earlier literature and in case of a regression correlation coefficient difference > 10%. 
Subgroup analyses regarding glycaemic control (HbA1c ≥ 53 mmol/mol [≥ 7.0%]) and poor 
level of HRQOL for each domain (using national Dutch means stratified by gender found 
by Aaronson et al. (27) to distinguish reduced HRQOL) (27), were performed using the 
same method as the primary analysis. Subgroup analyses regarding patients with a reduced 
HRQOL however, were solely adjusted for season of measurement and BMI due to the 
small number of patients included in this analysis resulting in insufficient power to correct 
for all confounders. All analyses were also performed stratified by gender due to differences 
in HRQOL between men and women. All data were analysed using the statistical package 
SPSS software (IBM version 20.0; SPSS Inc., Chicago, IL, USA). Data are presented as numbers 
(%), median (interquartile range) or means ± standard deviation. A p-value of < 0.05 was 
considered as statistically significant.
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results

A total of 300 patients were recruited in ‘the SUNNY trial’ of whom 275 appeared at the 
first visit and were randomised. Of the 275 patients included, 241 (88%) returned their 
SF-36 questionnaire which they received at the first visit. Mean age was 67 ± 8 years and 
65% were men. The median diabetes duration was 6 (3 - 8) years with a mean HbA1c of 
52 ± 8 mmol/mol (6.9 ± 0.7%). Overall mean serum 25(OH)D was 59 ± 23 nmol/l. The 
prevalence of vitamin D deficiency, serum 25(OH)D < 50 nmol/l, was 38% and 150 patients 
(62%) had a serum 25(OH)D ≥ 50 nmol/l. Demographic and clinical characteristics, and 
HRQOL scores of all participants stratified by serum 25(OH)D below and above 50 nmol/l 
are presented in Table 2.1. 

Table 2.1. Demographic, clinical characteristics and health-related quality of life of all patients stratified 
by serum 25(OH)D level.

Serum 25(OH)D level 

All patients < 50 nmol/l ≥ 50 nmol/l p-value

n = 241 n = 91 n =  150  
Demographic characteristics

Male (%)* 157 (65) 52 (57) 105 (70) 0.04
Age (years) 67 ± 8 67 ± 9 67 ± 8 0.13
Diabetes duration (years) 6 (3 - 8) 5 (4 - 8) 6 (3 - 8) 0.38
White skin colour (%)* 224 (93) 77 (85) 147 (98) <0.01
Anti diabetic treatment (%) 0.32
   Lifestyle adjustments 11 (5) 5 (6) 6 (4)
   Metformin 143 (59) 48 (53) 95 (63)
   SU-derivates 10 (4) 3 (3) 7 (5)
   Metformin and SU-derivates 77 (32) 35 (39) 42 (28)

Microvascular complications† ≥1 (%) 52 (22) 19 (21) 33 (22) 0.84

Cardiovascular disease (yes, %) 78 (32) 27 (30) 51 (34) 0.49
Single (%)* 45 (19) 26 (29) 19 (13)  <0.01
Education level (%) 0.73
   Low 91 (38) 33 (36) 58 (39)
   Middle 83 (34) 30 (33) 53 (35)
   High 67 (28) 28 (31) 39 (26)
Employment status (%) 0.34
   Paid employment 68 (28) 29 (32) 39 (26)
   Unemployed or incapacitated 19 (8) 9 (10) 10 (7)
   Retired 154 (64) 53 (58) 101 (67)
Current smoker (%)* 35 (15) 19 (21) 16 (11) 0.03
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Table 2.1. Continued.

Alcohol use >2 units/day (%) 30 (12) 14 (15) 16 (11) 0.28
Physical activity (%)* 0.04
   <2 hours/week 78 (32) 37 (41) 41 (27)
   2-5 hours/week 109 (45) 40 (44) 69 (46)
   >5 hours/week 54 (22) 14 (15) 40 (27)
Sun exposure (%)* <0.01
   <5 hours/week 99 (41) 52 (57) 47 (31)
   5-10 hours/week 109 (45) 35 (39) 74 (49)
   >10 hours/week 33 (14) 4 (4) 29 (19)
Season of blood collection (%) 0.29
   Spring 27 (11) 13 (14) 14 (9)
   Summer 57 (24) 16 (18) 41 (27)
   Autumn 121 (50) 48 (53) 73 (49)
   Winter 36 (15) 14 (15) 22 (15)

Clinical characteristics 

BMI (kg/m²)* 28.6 ± 4.5 29.5 ± 4.7 28.0 ± 4.3 0.01
HbA1c (mmol/mol) 52 ± 8 52 ± 10 52 ± 6 0.50
HbA1c (%) 6.9 ± 0.7 6.9 ± 0.9 6.9 ± 0.6 0.50
e-GFR 83 ± 18 84 ± 20 82 ± 17 0.42
Serum 25(OH)D (nmol/l)* 59 ± 23 37 ± 8 73 ± 17 <0.01
Serum PTH (pmol/l) 5.5 ± 2.2 5.7 ± 1.9 5.4 ± 2.4 0.25

Health-related quality of life
Physical functioning 85 (65 - 95) 80 (60 - 90) 85 (70 - 95) 0.06
Role limitations physical 100 (50 - 100) 100 (50 - 100) 100 (50 - 100) 0.28
Bodily pain 74 (52 - 100) 72 (51 - 100) 74 (52 - 100) 0.84
General health perceptions 62 (47 - 77) 62 (47 - 72) 67 (52 - 77) 0.36
Mental health 84 (68 - 92) 84 (64 - 92) 84 (72 - 92) 0.67
Role limitations emotional 100 (100 - 100) 100 (100 - 100) 100 (100 - 100) 0.75
Vitality 70 (55 - 85) 70 (50 - 85) 70 (55 - 80) 0.95
Social functioning 100 (75 - 100) 100 (88 - 100) 100 (75 -100) 0.31
Physical component summary 76 (60 - 88) 77 (60 - 88) 76 (60 - 88) 0.87
Mental component summary 87 (72 - 93) 89 (68 - 94) 86 (74 - 92) 0.63
Data are presented as numbers (%), mean ± SD or median (IQR) 
* p-value <0.05
† Including retinopathy, nephropathy and neuropathy
25(OH)D, 25-hydroxyvitamin D; e-GFR, estimated glomerular filtration rate; PTH, parathyroid hormone; 
SU-derivatives, sulphonylurea-derivatives.
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Vitamin D deficient patients consisted of more women, had more often a dark coloured skin, 
had a higher incidence of smoking, less physical activity and sun exposure, had a higher BMI, 
and were more often single for marital status compared to the group with a serum 25(OH)
D ≥ 50 nmol/l (all p < 0.05). No differences were observed in the eight HRQOL domains, 
nor in the physical or mental component summary, between both groups. HRQOL scores 
were higher in men compared to women, particularly the domains physical functioning, bodily 
pain, social functioning, mental health, vitality, and general health perceptions (data not shown). 
Concerning the main outcome, the association between HRQOL and serum 25(OH)D 
in patients with type 2 diabetes mellitus, no significant associations were observed after 
correction for the following confounders: age, gender, season of measurement, pre-existent 
cardiovascular disease and BMI (Table 2.2). In addition, no effect was seen in the summary 
components as well. A significant association was observed between physical functioning 
and serum 25(OH)D ≥ 50 nmol/l (OR: 1.01, 95% CI: 1.00 - 1.03, p = 0.04), however this 
remained no longer significant after adjustment for confounders. 

Table 2.2. Association between HRQOL and vitamin D status.

Serum 25(OH)D  ≥ 50 nmol/l

Model 1 Model 2

OR 95% CI p-value OR 95% CI p-value

Physical component summary: 1.00 0.99 - 1.02 0.57 1.00 0.99 - 1.02 0.99
Physical functioning 1.01 1.00 - 1.03 0.04* 1.01 1.00 - 1.03 0.14
Role limitations physical 0.99 0.99 - 1.00 0.43 1.00 1.00 - 1.00 0.39
Bodily pain 1.00 0.99 - 1.01 0.66 0.99 0.99 - 1.01 0.65
General health perceptions 1.01 0.99 - 1.02 0.32 1.01 0.99 - 1.02 0.46

Mental component summary: 1.00 0.99 - 1.02 0.60 1.00 0.99 - 1.02 0.63
Mental health 1.00 0.99 - 1.02 0.77 1.00 0.98 - 1.02 0.91
Role limitations emotional 1.00 1.00 - 1.01 0.42 1.00 1.00 - 1.01 0.36
Vitality 1.00 0.99 - 1.02 0.61 1.00 0.99 - 1.02 0.86
Social functioning 0.99 0.98 - 1.01 0.66 0.99 0.98 - 1.01 0.59
Model 1: unadjusted
Model 2: adjusted for age, gender, season of measurement, pre-existing cardiovascular disease and BMI
*p-value <0.05
25(OH)D, 25-hydroxyvitamin D 
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Pre-specified subgroup analysis in patients with a reduced glycaemic control (HbA1c ≥ 53 mmol/
mol, [≥ 7.0%], n = 71) demonstrated a small association between serum 25(OH)D ≥ 50 nmol/l 
and role limitations due to emotional problems before and after adjustment for confounders 
(OR: 1.02, 95% CI: 1.00 - 1.04, p = 0.02) (data not shown). The results did not differ significantly 
including only patients with a relatively poor HRQOL for one of the SF-36 domains.  

discussion

In this cross-sectional study among Dutch patients with type 2 diabetes mellitus managed 
with oral hypoglycaemic therapy, no association between serum 25(OH)D level and HRQOL 
was observed. The question whether vitamin D status and HRQOL are associated has not 
been studied before in patients with type 2 diabetes mellitus. However, studies examining 
the association between vitamin D status and (health-related) quality of life in other popula-
tions are available. In a large population-based cohort study among 15.954 post-menopausal 
women a small difference on mental HRQOL was seen between women with a low (< 
400 IU/day) and high vitamin D3 intake (≥ 800 IU/day). However, this result was attenuated 
after controlling for the confounders checked in this study: age, energy intake, BMI, education, 
smoking, living arrangement, antidepressant usage, comorbidity history, and physical activity 
(16). In contrast with our study results, a recent population-based observational study among 
Dutch patients aged > 70 years, found a significant lower score on the physical component of 
HRQOL in patients with a severe vitamin D deficient status (serum 25(OH)D < 25 nmol/l). 
However, physical performance, depressive symptoms and the number of chronic diseases 
explained this association largely (28).
Despite our study population was at risk for vitamin D deficiency, mean serum 25(OH)D was 
59 ± 23 nmol/l and only nine patients had a serum 25(OH)D < 25 nmol/l, defined as severe 
deficient vitamin D status. This relatively high vitamin D status could be an explanation for 
the lack of an association found between serum 25(OH)D level and HRQOL in our study 
sample. Our results regarding physical activity and sun exposure, with less physical activity 
and sun exposure reported among vitamin D deficient patients, is equivalent with today’s 
literature (29). It can be hypothesised that active patients go outside more often, resulting in 
higher exposure to sunlight and subsequently in higher serum 25(OH)D levels. To explore 
the influence of season of measurement, which could play an important role in HRQOL, 
we stratified all patients by season of inclusion. These results showed no better HRQOL of 
patients included in summer or spring season (Appendix 1). Also notable is the significant dif-
ference between both vitamin D groups in number of single participants. Hypothetically single 
persons go less outside into the sunlight compared to persons who have a partner. HRQOL 
scores were higher in men compared to women in all domains and significantly higher in six 
domains. These findings are consistent with the results of a Dutch population-based study 
investigating HRQOL using the SF-36 questionnaire (27). In addition, Wexler et al. (3) found 
a correlation between female sex and a decreased HRQOL in patients with type 2 diabetes 
mellitus using the Health Utilities Index-III to evaluate HRQOL (3).
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Several limitations in our study need to be discussed. First, our study population, selected 
from general practices, consisted of patients with type 2 diabetes mellitus with well-control-
led glycaemic control (mean HbA1c: 52 ± 8 mmol/mol [6.9 ± 0.7%]). This could implicate 
relative low disease burden with less physical and mental limitations. In addition, men in our 
study population had HRQOL scores mainly comparable with the general population (27). 
In women, a lower level of HRQOL was seen in five domains compared to the general 
population, however stratifying the study population by gender did not change the results 
significantly. Given the low prevalence of diabetes-specific complications and the fact that 
the participants were treated with lifestyle advice and/or oral hypoglycaemic agents, we 
assume that our study population consisted of patients with a relatively good HRQOL, 
almost comparable with the general population. This could be another possible reason for 
not finding an association between serum 25(OH)D level and HRQOL in our study. An 
important limitation in our study, which could have altered the results regarding HRQOL, 
is that we had no detailed information regarding previous falls and fractures of all patients 
included. It is known that patients with a low vitamin D status have a higher risk for falls and 
fractures and this could have influenced HRQOL.  
Second, in several HRQOL domains, high percentages of men and women with a maximum 
score on the SF-36 questionnaires were seen. Because of the inability of the SF-36 questi-
onnaire to record HRQOL above the maximum, it is impossible to distinct any differences 
between patients or vitamin D groups, if there are any. This prompted us to question the 
applicability of the SF-36 questionnaire in patients with type 2 diabetes mellitus derived 
from general practices. In line with this thought, Woodcock et al. (30) compared the SF-36 
questionnaire with a diabetes-specific questionnaire (Audit of Diabetes Dependent Quality 
of Life) in examining HRQOL among patients with type 2 diabetes mellitus in general prac-
tices, resulting in a recommendation for adding a diabetes-specific questionnaire to the SF-36 
questionnaire due to the more accurate measurement of diabetes-specific components of 
type 2 diabetes mellitus (30).
Selection bias in this study might exist as patients with a poor quality of life and/or a mental 
disorder may have less energy and motivation to participate in the study, and if included, 
respond to the questionnaire. To partly resolve this point, we compared the demographic 
and clinical characteristics between all patients who did return their questionnaire (n = 241) 
and who did not (n = 34). This demonstrated no significant differences. 
Furthermore this cross-sectional analysis demonstrates secondary outcomes of a rando-
mised placebo-controlled trial (SUNNY trial) with the effect of vitamin D supplementation 
on glycemic control as primary outcome for which the sample size was calculated. For this 
secondary outcome we could question if the sample size was large enough to observe 
differences in HRQOL anyway. By performing a logistic regression analysis with a binary 
outcome this limitation taken into account as much as possible. 

In conclusion, no significant association was found between vitamin D status and HRQOL 
among patients with type 2 diabetes mellitus managed with oral hypoglycaemic therapy. This 
could be explained by the relatively good glycaemic control, high mean serum 25(OH)D 
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level, and high HRQOL scores of the study participants. Consequently, a randomised place-
bo-controlled trial in patients with type 2 diabetes mellitus with a poor glycaemic control 
and/or insulin treatment will be of high interest.  
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abstract

Background
Increased levels of depressive symptoms, fatigue or pain (all dimensions of reduced 
health-related quality of life [HRQOL]), are common in people with type 2 diabetes 
mellitus. Earlier studies have reported associations between low vitamin D status and 
fatigue and depressive symptoms. The aim of the present study was to examine the 
effects of vitamin D supplementation on dimensions of HRQOL in people with type 
2 diabetes mellitus.

Methods
The effect of monthly cholecalciferol 50,000 IU versus placebo on HRQOL was 
assessed in a randomised, double-blind, placebo-controlled trial 275 adults with type 
2 diabetes mellitus derived from general practices. HRQOL at baseline and after six 
months using the Short Form 36 Health Survey (SF-36) was collected. Linear regres-
sion analyses were used to compare the change in HRQOL over time between the 
vitamin D and placebo group.

Results
187/275 (68%) people completed baseline and follow-up SF-36 and were included in 
the analysis. Median serum 25-hydroxyvitamin D almost doubled in the intervention 
group compared to the placebo group (58.5 to 106.0 nmol/l versus 60.0 to 61.5 nmol/l, 
respectively). A small significant difference (adjusted B: -8.90; 95% CI: -17.16 to -0.65) 
between both groups was seen concerning the SF-36 domain role limitations due to 
physical problems in disadvantage of the vitamin D group. 

Conclusions
Six months of vitamin D supplementation did not improve HRQOL in non-vitamin D 
deficient people with type 2 diabetes mellitus managed on oral antidiabetic therapy. 
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introduction

With a total number of 415 million people in 2015, expecting to increase to a number of 
642 million people in 2040, diabetes mellitus is a growing worldwide epidemic. It is common 
knowledge that people with diabetes mellitus are at increased risk for micro- and macrovas-
cular complications, including neuropathy, nephropathy, retinopathy, peripheral artery disease 
and cardiovascular disease (1). Furthermore, in people with type 2 diabetes mellitus, relatively 
high prevalences of depression, fatigue and (neuropathic) pain were found resulting in a 
decreased quality of life (2-6). Depressive symptoms and fatigue in people with diabetes are 
related to an increased risk of developing diabetes-specific complications (2,3). Moreover, 
people with depressive symptoms and diabetes had an almost 50% increased all-cause 
mortality rate, probably due to non-optimal self-care (7).
Low vitamin D status is common in people with type 2 diabetes mellitus (8) and previous  
observational studies demonstrated an association between low vitamin D status and a 
reduced health-related quality of life (HRQOL), fatigue and depressive symptoms (8-15). 
Two recent meta-analyses (16,17) based on the results of randomised controlled trials which 
investigated the effect of vitamin D supplementation on depressive symptoms, suggest an 
improvement of depressive symptoms after vitamin D supplementation (16,17) . Intervention 
studies concerning the effect of vitamin D supplementation on fatigue are scarce and the 
studies that have been executed are difficult to compare as their research designs are very 
different. Lima et al. (18) performed a randomised placebo-controlled trial in adolescents and 
young adults with juvenile systemic lupus erythematosus and found a significant reduction 
of “fatigue related to social life” score (when using the Kids Fatigue Severity Scale) in the 
vitamin D group compared to placebo after 24 weeks of oral cholecalciferol 50,000 IU per 
week (18). In addition, a significantly improvement in fatigue score in all five scales (general, 
physical, emotional, mental and vigor) of the Multidimensional Fatigue Symptom Inventory 
Short Form was seen in primary care people with a low vitamin D status and fatigue as their 
main problem, after five weeks of vitamin D supplementation (oral ergocalciferol 50,000 IU 
three times per week) (19). However, this study was not blinded or placebo-controlled. It 
should be noted that the majority of the people included in these studies did not have type 
2 diabetes mellitus.
The biological mechanisms linking vitamin D status to HRQOL, depressive symptoms, and 
fatigue in people with type 2 diabetes mellitus are not clear. Hypothetically, vitamin D defi-
ciency may contribute to poor glycaemic control, which in turn leads to a higher risk to 
develop micro- and macrovascular complications in the long-term (20). Furthermore, due 
to immuno-modulatory properties of vitamin D and its association with oxidative stress, 
vitamin D may influence low-grade systemic inflammation, which is linked to both depressive 
symptoms and insulin resistance (21,22). Another possible link between vitamin D status and 
depressive symptoms is an elevated parathyroid hormone (PTH) level that has been linked to 
depressive symptoms and insulin resistance and is increased in state of vitamin D deficiency 
(23,24). Moreover, vitamin D itself seems to have cardio-protective effects as well (25). Based 
on these findings, we hypothesise a positive effect of vitamin D supplementation on fatigue 
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and depressive symptoms in people with type 2 diabetes mellitus. The aim of this study was to 
test whether six months of vitamin D supplementation improves the Short Form 36 (SF-36) 
Health Survey domain scores, especially the domains physical functioning, role limitations due 
to physical problems, social functioning, role limitations due to emotional problems, mental 
health and vitality, in people with type 2 diabetes mellitus, using a randomised double-blind 
placebo-controlled trial design.

methods

Study design and participants
The SUNNY trial (acronym for study the effect of vitamin D supplementation on glycaemic 
control in type 2 diabetes mellitus) is a double-blind randomised placebo-controlled clinical 
trial, with the primary aim to determine the effect of vitamin D supplementation on glycae-
mic control in people with type 2 diabetes mellitus (26). Secondary aim was to investigate 
whether vitamin D supplementation improved dimensions of HRQOL. The trial was conduc-
ted in five general practices in and around the city of Alkmaar, the Netherlands, latitude 52º, 
between July 2012 and April 2013. Adult persons (≥ 18 years) with type 2 diabetes mellitus 
treated with lifestyle advice, metformin, and/or sulfonylurea-derivatives (SU-derivatives) were 
invited for participation in the study. Serum HbA1c had to be stable and below or equal to 
8.0% (64 mmol/mol) for the last three months without recent changes in hypoglycaemic 
agents. Main exclusion criteria were: an impaired renal function (estimated glomerular filtra-
tion rate (eGFR) < 30 ml/min calculated from serum creatinine using the MDRD formula), 
any granuloma forming disorder, hypercalcemia (serum calcium > 2.65 nmol/l) of any reason, 
serum 25-hydroxyvitamin D (25(OH)D) < 15 nmol/l or > 150 nmol/l, urolithiasis, psychiatric 
treatment for schizophrenia, organic mental disorder or bipolar disorder currently or in the 
past, insufficient knowledge of the Dutch language and substance abuse (other than nicotine) 
or no signed informed consent. Withdrawal criteria for premature termination of the trial 
were: increase of HbA1c 69 mmol/mol (> 8.5%), hypersensitivity to cholecalciferol or placebo, 
onset of urolithiasis, any change in antidiabetic medication or serum 25(OH)D < 15 or > 
250 nmol/l, and during the study people were not allowed to take vitamin D supplements.
This trial protocol was approved by the Medical Ethics Committee of Noord-Holland, the 
Netherlands and was conducted according to the principles of the Declaration of Helsinki 
[NTR3154].  A detailed description of the protocol can be found elsewhere (26).

Intervention
All participants were randomised according to either an oral dose of cholecalciferol
50,000 IU or an identically looking placebo once a month for 6 months (Meander Medical 
Center, Amersfoort, the Netherlands). 
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Outcome measures
Change in HRQOL after six months of vitamin D supplementation was one of the secondary 
outcomes described in the study protocol of the SUNNY trial (26). HRQOL was assessed at 
baseline and six months after baseline, using the Dutch version of the Short Form 36 (SF-36) 
Health Survey, which was translated and validated by Aaronson et al. in 1994 (27). The SF-36 
questionnaire is composed of 36 questions and represents eight domains and two summary 
measures: physical functioning, role limitations due to physical problems, bodily pain, general 
health perceptions (together presenting the physical component summary), mental health, 
vitality, social functioning and role limitations due to emotional problems (together presenting 
the mental component summary). For each domain, scores are summed and converted to 
a scale from 0 to 100, with lower scores indicating a poorer HRQOL (28).
Demographic data, medical history, the use of vitamin D supplements, and diabetes spe-
cific elements (treatment, complications, duration) were collected from medical records 
and during interviews. Lifestyle information including smoking status (yes/no), alcohol use 
(units per week), sun exposure (hours per week), and physical activity (hours per week) 
were self-reported and gathered through interviews. Standard anthropometric data (height, 
weight) and venous blood collection were obtained from each person. Serum 25(OH)D 
was measured using an iSYS automated immunoanalyzer (IDS GmbH, Frankfurt, Germany). 
Data were collected at baseline and after six months.

Randomisation
The participants were randomised 1:1 according to the method of block randomisation with 
a block size of 10. No stratification was used. The randomisation procedure was performed 
by the pharmacist. The participants and the research team remained blinded until the end 
of the study.

Statistical analyses
People who completed the study returned questionnaires at baseline and 6 months were 
included in the statistical analyses. In case of one or two missing SF-36 domains, linear 
imputation was used. When more SF-36 domains were missing the people were excluded. 
All data were analysed using the Statistical Package of the Social Sciences (SPSS software, 
version 20.0; SPSS Inc., Chicago, IL). Baseline characteristics were presented as means ± SD, 
frequencies (%), or as median (interquartile range [IQR]) in case of a skewed distribution. 
Linear regression analysis was used to assess the mean difference between intervention and 
placebo group after six months (mean difference reported as B and β). Change in SF-36 
domain score was analysed as dependent outcome with randomisation group as explanatory 
variable. To correct for regression to the mean, all analyses were adjusted for its baseline 
value. In case of skewed distribution, the separate SF-36 domains were log transformed. 
As we know that men and women provide different outcome on the SF-36 questionnaire 
and oestrogen use may increase the concentration of the vitamin D binding protein and 
improve hydroxylation of vitamin D in the liver, the models will be tested for effect modifi-
cation by gender (27,29). Furthermore, all analyses were corrected for confounding variables, 
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which were selected based on literature, including age, gender (if no effect modification), 
BMI, and season of blood collection. Subgroup analyses were performed in people with low 
vitamin D status, defined as 25(OH)D < 50 nmol/l according to the practical guidelines of 
the Endocrine Society and the Institute of Medicine.
A two sided p-value of 0.05 or smaller was considered as significant. 

results

A total number of 787 people were screened for eligibility of which 300 persons were 
recruited and finally 275 persons (no show: n = 25) were randomised to either vitamin D 
supplementation (n = 136) or placebo (n = 139) (Figure 3.1). 

Figure 3.1. Participant flowchart

*Most people did not meet the inclusion criteria because of insulin therapy
† Did not received second SF-36
‡ 2 people excluded from analyses because ≥ 2 SF-36 domains were missing at baseline or follow-up 

487 (62%) people were excluded from the study because they did not meet the inclusion 
criteria (75%, mostly because they used insulin) or refused to participate (25%). During the 
trial, 17 people met the withdrawal criteria for premature termination due to change in 
antidiabetic medication (n = 10), HbA1c > 69 mmol/mol (> 8.5%) (n = 5) or serum 25(OH)
D <15 or > 250 nmol/l (n = 2) and nine people were lost to follow up. SF-36 response 
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rate at baseline was 88% (241/275) and 89% at six months of follow-up (191/215), total 
SF-36 response rate was 70% (191/275). Linear imputation was executed in four people at 
baseline and two people at follow-up for the SF-36 domains role limitations due to physical 
problems, general health perceptions and role limitations due to emotional problems. Four 
people were excluded because information on two or more SF-36 domains were missing, 
resulting in 187/275 (68%) people with complete data. 
Baseline demographic, clinical characteristics and HRQOL of all people included in the 
vitamin D group and in the placebo group are presented in Table 3.1. 

Table 3.1. Baseline demographic and clinical characteristics in the vitamin D group 
and the placebo group (n = 187).

 

Vitamin D group Placebo group

n = 94 n = 93

Demographic parameters

Age (years) 67 ± 8 68 ± 9

Male 68 (72) 57 (61)

Diabetes duration (years) 6 (3 - 8) 6 (4 - 8)

White skin colour 91 (95) 90 (95)

Antidiabetic treatment 

Lifestyle adjustments 3 (3) 6 (7)

Metformin 66 (70) 48 (52)

SU-derivatives 2 (2) 5 (5)

Metformin and SU-derivatives 23 (25) 34 (37)

Microvascular complications* ≥1 25 (27) 13 (14)

Cardiovascular disease, yes 28 (30) 33 (36)

Single 8 (9) 20 (22)

Education level 

   Low 63 (69) 64 (72)

   Middle 21 (23) 18 (20)

   High 7 (8) 8 (9)

Employment status 

   Paid employment 24 (26) 25 (26)

   Unemployed or incapacitated 8 (9) 7 (8)

   Retired 62 (66) 61 (66)

Alcohol use >2 units/day 12 (13) 12 (13)

Current smoker 15 (16) 13 (14)

Use of vitamin D supplements† 14 (15) 9 (10)
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Table 3.1. Continued.

 

Vitamin D group Placebo group

n = 94 n = 93

Demographic parameters

Physical activity
< 2 hours/week 31 (33) 22 (24)
2-5 hours/week 40 (43) 52 (56)
> 5 hours/week 23 (25) 19 (20)

Sun exposure 
< 5 hours/week 34 (36) 37 (40)
5-10 hours/week 46 (49) 44 (47)
> 10 hours/week 14 (15) 12 (13)

Season of blood collection 
Spring 12 (13) 8 (9)
Summer 23 (25) 20 (22)
Autumn 43 (46) 49 (53)
Winter 16 (17) 16 (17)

Clinical characteristics

BMI (kg/m2) 27.7 (26.0 - 31.2) 27.5 (25.3 - 30.6)
HbA1c (mmol/mol) 51 (46 - 55) 51 (46 - 53)
HbA1c (%) 6.8 (6.4 - 7.2) 6.8 (6.4 - 7.0)
Serum 25(OH)D (nmol/l) 59.0 (43.0 - 75.0) 60.0 (44.0 - 74.0)
Serum PTH (pmol/l) 5.1 (3.8 - 6.8) 5.2 (4.0 - 6.5)

Health-related quality of life

Physical functioning 85 (70 - 95) 85 (65 - 95)
Role limitations physical 100 (50 - 100) 100 (50 - 100)
Bodily pain 74 (52 - 100) 74 (62 - 100)
General health perceptions 67 (47 - 77) 62 (47 - 72)

Mental health 88 (76 - 92) 80 (64 - 92)

Role limitations emotional 100 (100 - 100) 100 (100 - 100)
Vitality 75 (60 - 85) 70 (55 - 85)
Social functioning 100 (88 - 100) 100 (75 - 100)
Physical component summary 80 (60 - 91) 76 (63 - 87)
Mental component summary 87 (74 - 91) 82 (70 - 90)

Continuous variables are presented in mean ± SD or median (IQR) depending on normality. Categorical 
variables are presented in numbers (%).
*Including retinopathy, nephropathy and neuropathy
†Maximum dose of 400 IU vitamin D supplement daily before start of the trial.
25(OH)D, 25 hydroxyvitamin D; PTH, parathyroid hormone, SU-derivatives, sulphonylurea-derivatives
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Mean age was 68 years ± 8 and 67% of the people were men. The median diabetes duration 
was 6 years (3 - 8) with a median HbA1c of 51 (46 - 54 mmol/mol) (6.8 [6.4 - 7.1%]). Overall 
mean serum 25(OH)D was 61.1 ± 22.6 nmol/l. At baseline 63 people (34%) had a serum 
25(OH)D level of 50 nmol/l or less; a serum 25(OH)D level between 50 and 75 nmol/l was 
present in 79 people (42%) and 45 people (24%) had a serum 25(OH)D > 75 nmol/l. After 
six months of vitamin D supplementation, the median 25(OH)D level almost doubled in 
the vitamin D group from 58.5 (43.0 - 75.0) to 106.0 (85.0 - 117.0) nmol/l whereas in the 
placebo group the 25(OH)D level remained stable (serum 25(OH)D: 60.0 (44.0 - 74.0) to 
61.5 (37.0 - 85.5) nmol/l). In the intervention group, 73% of the people achieved a serum 
25(OH)D level ≥ 75 nmol/l at three months, and 84% after six months of vitamin D supple-
mentation. No differences in baseline characteristics were seen between the people who 
were randomised (n = 275) and those finally analysed (n = 187) (data not shown). 

Serum 25(OH)D and HRQOL
The present study revealed that vitamin D supplementation did not affect HRQOL (Table 
3.2 and Figure 3.2) in people with type 2 diabetes mellitus. No effect modification by gender 
was seen (data not shown). A small significant difference, to the detriment of the vitamin D 
group, was observed in the SF-36 domain role limitations due to physical problems (adjusted 
B: -8.90; 95% CI: -17.16 to -0.65).
In the group people with 25(OH)D < 50 nmol/l (34%) mean age was 67 years ± 8, 56% 
of the people were men and mean serum 25(OH)D was 38 ± 8 nmol/l. Linear regression 
revealed no differences in HRQOL between the vitamin D and placebo group in this pre 
specified subgroup analysis (data not shown).
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Table 3.2. Health-related quality of life (SF-36 domains) in the vitamin D group 
and the placebo group (n = 187).

  Δ Vitamin D 
group (n = 94)

 Δ Placebo 
group (n = 93)

β* B* 95% CI p

Physical functioning -0.55 ± 12.77 1.21 ± 11.70 -0.062 -1.51 -4.99; 1.96 0.39

Role limitations physical -5.32 ± 32.77 4.84 ± 32.61 -0.138 -8.90 -17.16; 
-0.65 0.04†

Bodily pain -0.24 ± 19.33 2.40 ± 16.59 -0.070 -2.52 -7.30; 2.27 0.30
General health perceptions 0.37 ± 13.39 3.10 ± 13.61 -0.063 -1.71 -5.44; 2.02 0.37
Mental health -1.68 ± 11.78 -0.12 ± 13.09 -0.033 -0.83 -4.42; 2.77 0.65

Role limitations emotional -3.72 ± 34.92 1.08 ± 33.50 -0.063 -4.31 -13.00; 
4.37 0.31

Vitality -2.71 ± 13.35 -1.00 ± 12.17 -0.064 -1.62 -5.11; 1.88 0.36
Social functioning‡ 0.00

(-12.50 - 0.00)
0.00 

(-12.50 - 0.00)
0.95 0.95 0.80; 1.11 0.49

Physical component summary -1.50 ± 13.82 2.89 ± 11.39 -0.150 -3.77 -7.26; -0.28 0.04†

Mental component summary‡ 0.79 
(-6.38 - 6.00)

0.00 
(-4.50 - 7.50) 0.93 0.97 0.91; 1.04 0.34

A positive β value indicates an increase in the SF-36 domain in the vitamin D group compared to the placebo 
group.
*Adjusted for age, gender, BMI, baseline SF-36 domain, baseline 25-hydroxyvitamin and season of blood 
collection
† p < 0.05
‡ Using log-transformed values. β of 0.95 (social functioning) indicating a 5% lower SF-36 score in the vitamin 
D group versus the placebo group after six months.

Figure 3.2. Health-related quality of life domains (SF-36) in the vitamin D group (A) and placebo group (B); 
baseline versus after six months of vitamin D supplementation (n = 187).
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discussion

In this randomised, double-blind, placebo-controlled trial in Dutch people with well-con-
trolled type 2 diabetes mellitus treated in general practice, we found a statistically significant 
decline (B: -8.90; 95% CI: -17.16 to -0.65) in the SF-36 domain “role limitations due to physical 
problems” after six months of vitamin D supplementation. However, concerning the remain-
ing SF-36 domains no effect of vitamin D supplementation was found. 
Before interpreting the results of our study it should be emphasised that the SF-36 domain-
scores were not standardised, they are calculated from different numbers of questions 
with different types of set response choices resulting in a fixed value per question which is 
domain-specific. Considering the SF-36 domain role limitations due to physical problems 
which represent only four yes or no questions, thus valuing every question with twenty-five 
points, we interpret the statistically significant finding with a beta of only 0.138 (B: -8.90; 95% 
CI: -17.16 to -0.65) as clinically not relevant (28). 
Other studies exploring the effect of vitamin D on HRQOL in people with diabetes are 
scarce. A recent systematic review from Hoffmann et al. (30), categorised fifteen articles (of 
which seven randomised placebo-controlled trials) which examined the effect of vitamin 
D supplementation on HRQOL according to length of intervention (more or less than 
six months) and study population (healthy versus diseased people; no studies focusing on 
diabetes were included). In contrast to our results, in four of the seven studies, which were 
derived from the group with diseased people and vitamin D intervention for six months or 
less, an improvement of HRQOL (especially in the domains role limitations due to physical 
problems, bodily pain, vitality and physical functioning, however only two studies used (a 
variation of) the SF-36) after vitamin D supplementation was found, which was interpreted 
by the investigators as evidence for an small to moderate positive effect of short term 
vitamin D supplementation on HRQOL in diseased people (30). However, no meta-analysis 
could be done due to the great heterogeneity in study samples, dose and type of vitamin D 
supplementation and the variation of HRQOL instruments that had been used. The before 
mentioned study results should be viewed with caution as the quality of evidence is low 
due to poor methodological quality. Also, many of the differences in HRQOL that have been 
reported were small and not likely to be of value in the clinical setting. In addition, the only 
randomised placebo-controlled trial in this review with the maximal points for methodology, 
found no effect of vitamin D supplementation (daily oral 800 IU vitamin D3) on the physical 
component summary or mental component summary in elderly people > 70 years with 
previous low trauma osteoporotic fracture using the SF-12 (shortened version of the SF-36) 
after 24 - 62 months of follow-up (31). 
Moreover, one recent double-blind, placebo-controlled study including 60 people receiving 
hemodialysis of whom 55% had a history of diabetes, did not demonstrate an effect of 
vitamin D supplementation (cholecalciferol 50.000 IU/week for eight weeks followed by 
50.000 IU/month for four months) on HRQOL (using KDQOL-36, a kidney disease-specific 
measure of HRQOL including several parts of the SF-36 questionnaire) after six months of 
follow-up (32).
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The main limitation of our study, which could explain that we found no positive effect of 
vitamin D supplementation on HRQOL in the present study, is the relatively good baseline 
HRQOL of several SF-36 domains in our study population that may have resulted in ceiling 
effects. In addition, the SF-36 domain scores in our study population are comparable with the 
SF-36 domain scores in the general Dutch population (27), suggesting low disease burden 
with few mental and physical limitations, leaving almost no opportunity for improvement. 
The low disease burden in our study population is also reflected in the small number of 
people with one or more than one microvascular complications (n = 38, 20%) and the good 
glycaemic control with a median HbA1c of 51 (46 - 54) mmol/mol (6.8 [6.4 - 7.1%]).
Furthermore, when expecting a positive effect of vitamin D supplementation on HRQOL 
by reducing systemic low-grade inflammation or improving glycaemic control leading to 
reduced or less severe diabetes-specific complications, the relatively short duration of the 
trial could be another reason for not finding an improvement of HRQOL after vitamin D 
supplementation. 
Last, with a median 25(OH)D level of 58.5 nmol/l (43.0 - 75.0) in the vitamin D group at 
baseline, our subjects are already replete in vitamin D according to the current guidelines of 
the Institute of Medicine from 2011, which defines vitamin D deficiency as 25(OH)D < 50 
nmol/l in respect to bone health. However, Spedding et al. (33) suggested different 25(OH)
D levels required for non-skeletal diseases and reported a minimum 25(OH)D level of 75 
nmol/l for reducing depressive symptoms (level II evidence: randomised controlled trial) (33). 
With a median 25(OH)D level of 106.0 (85.0 - 117.0) in the vitamin D group at the end 
of the study, vitamin D intervention was effective to increase 25(OH)D concentration to a 
level of which an improvement in depressive symptoms could be expected.  
The strengths of our study are the randomised, double-blind, placebo-controlled design, the 
use of a well-validated questionnaire to determine HRQOL and the large study population. 
In conclusion, six months of vitamin D supplementation did not improve HRQOL in people 
with tightly controlled type 2 diabetes mellitus derived from general practices. Longitudinal 
studies in people with poorly controlled type 2 diabetes mellitus, with multiple measurements 
over time concerning physical limitations, mental health and vitality and factors possible 
affecting these domains including low 25(OH)D level, inflammation factors, diabetes-specific 
treatment and complications and lifestyle factors are necessary to understand and eventually 
affect, the relationship between diabetes and a reduced (health-related) quality of life.
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abstract

Background 
Low vitamin D status has been associated with impaired glycaemic control in patients 
with type 2 diabetes. The purpose of our study was to evaluate the effect of vitamin 
D supplementation on glycaemic control in patients with type 2 diabetes.

Methods
This randomised, double-blind, placebo-controlled trial was conducted in 275 adult 
patients with type 2 diabetes without insulin treatment. Patients were randomly 
assigned to receive either vitamin D3 (50,000 IU per month) or placebo for six 
months. To assess the primary outcome of the study, change in HbA1c, we performed 
a linear regression analysis.

Results
Mean baseline serum 25-hydroxyvitamin D [25(OH)D] increased from 60.6 ± 23.3 
to 101.4 ± 27.6 nmol/l and 59.1 ± 23.2 to 59.8 ± 23.2 nmol/l in the vitamin D and 
placebo group, respectively. Mean baseline HbA1c was 6.8 ± 0.5% (51 ± 6 mmol/mol) in 
both groups. After six months no effect was seen on HbA1c (mean difference: β = 0.4, 
95% CI: -0.6 to 1.5; p = 0.42), and other indicators of glycaemic control (homeostasis 
model assessment of insulin resistance, fasting insulin and glucose) in the entire study 
population. Subgroup analysis in patients with a serum 25(OH)D < 50 nmol/l or an 
HbA1c level > 7% (53 mmol/mol) did not differ the results.

Conclusions
In a well-controlled group of patients with type 2 diabetes, intermittent high-dose 
vitamin D supplementation did not improve glycaemic control.
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introduction

Type 2 diabetes mellitus, characterised by peripheral insulin resistance and pancreatic beta-
cell dysfunction, represents a worldwide epidemic with significant co-morbidity and mortality 
due to microvascular and macrovascular complications (1). Although therapies for type 2 
diabetes mellitus have improved over the last few decades, new insights for the prevention 
and management of type 2 diabetes mellitus remain necessary due to the increased prev-
alence of the disease. 
Over the past decade, vitamin D has attracted substantial interest towards extra-skeletal 
outcomes in various disease conditions, including diabetes mellitus (2,3). Vitamin D deficiency 
(defined as serum 25-hydroxyvitamin D [25(OH)D] < 50 nmol/l) is highly prevalent in 
patients with type 2 diabetes mellitus (4,5). Several potential mechanisms involving vitamin 
D might affect glycaemic control in patients with type 2 diabetes mellitus. Most cells, including 
the pancreatic beta-cells, contain the vitamin D receptor (VDR), and most of them also have 
the capability to produce the biologically active 1,25-dihydroxyvitamin D [1,25(OH)2D] 
which allows intracrine and paracrine functions. In vitro studies have shown that the active 
vitamin D metabolite 1,25(OH)2D stimulated insulin release by the pancreatic beta-cells 
(6,7). In addition, vitamin D is known to have immuno-modulatory and anti-inflammatory 
effects and might reduce peripheral insulin resistance by altering low-grade chronic inflamma-
tion (8,9). Furthermore, insulin secretion and insulin sensitivity are both calcium-dependent 
processes.
A large number of cross-sectional studies generally demonstrated an inverse association 
between vitamin D status and prevalence of hyperglycemia (4,10). Longitudinal studies 
have reported that low vitamin D status is a predictor for incident type 2 diabetes mellitus 
(11,12). Still, it remains unclear whether vitamin D deficiency and insulin resistance are caus-
ally related or whether they constitute two independent features of patients with type 2 
diabetes mellitus. Results from previous intervention studies with vitamin D supplementation 
have been conflicting. A systematic review and meta-analysis of 15 studies examining the 
effect of vitamin D supplementation concluded that there is currently insufficient evidence of 
beneficial effect to recommend vitamin D supplementation as a means of improving glycemia 
or insulin resistance in patients with diabetes mellitus, impaired glucose tolerance or normal 
fasting glucose (13). A weak positive effect of vitamin D supplementation was seen on fasting 
glucose and insulin resistance in patients with type 2 diabetes mellitus. Inconsistency in these 
results may be due to the fact that many of the included reviewed studies used a different 
supplementation regime, had a lack of power, did not have glycaemic control as primary 
outcome, or did not include patients with type 2 diabetes mellitus.
Taken together, the causality of the association between vitamin D status and glycaemic 
control in patients with type 2 diabetes mellitus has not yet been proven. We therefore 
designed this double-blind randomised placebo-controlled trial to determine the effect of 
vitamin D supplementation on glycaemic control in patients with type 2 diabetes mellitus.
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methods

Study design and participants
The SUNNY trial, acronym for study on the effect of vitamin D supplementation on gly-
caemic control in type 2 diabetes mellitus, is a double-blind, randomised placebo-controlled 
clinical trial in which the effect of vitamin D supplementation on glycaemic control was 
examined in patients with type 2 diabetes mellitus. A detailed description of the protocol 
can be found elsewhere (14).
In brief, the trial was conducted in five general practices in and around Alkmaar, the Neth-
erlands at latitude 52º. Adult patients (≥ 18 years) with type 2 diabetes mellitus treated 
with lifestyle advice, metformin, or sulfonylurea-derivatives (SU-derivatives), whether or not 
in combination, were invited by letter for participation in the study. Serum HbA1c had to 
be stable and below or equal to 8.0% (64 mmol/mol) for the last three months without 
recent changes in hypoglycaemic agents. All patients  were included between July 2012 and 
April 2013. This trial was approved by the Medical Ethics Committee of North-Holland, the 
Netherlands and was conducted according to the principles of the Declaration of Helsinki. 
The main exclusion criteria were: an impaired renal function (estimated glomerular filtration 
rate [eGFR] < 30 ml/min/1.73m2, calculated from serum creatinine using the MDRD for-
mula), any granuloma forming disorder, hypercalcemia (serum calcium > 2.65 nmol/l) of any 
reason, serum 25(OH)D < 15 nmol/l or > 150 nmol/l and urolithiasis. The patients were 
not allowed to take vitamin D supplements during the study. Throughout the study drug 
alterations regarding hypoglycaemic agents and statins were not allowed. All patients gave 
written informed consent. Withdrawal criteria for premature termination of the trial were: 
onset of hypercalcemia, serum 25(OH)D < 15 nmol/l or > 250 nmol/l, hypersensitivity to 
cholecalciferol or placebo, onset of urolithiasis, any change in hypoglycaemic agents, or HbA1c 
> 8.5% (69 mmol/mol).

Intervention
All participants were randomised according to either an oral dose of cholecalciferol 50,000 
IU once a month or a identically looking placebo once a month for 6 months (Meander 
Medical Center, Amersfoort, the Netherlands). The patients were randomised 1:1 according 
to the method of block randomisation with a block size of 10. No stratification was used. 
The randomisation procedure was carried out by the pharmacist. The participants and the 
research team remained blinded till the end of the study. 

Outcome measures
The primary outcome of the study was the change in serum HbA1c between vitamin D 
and placebo group after six months of intervention . Secondary outcomes were insulin 
resistance and beta-cell function, measured through the homeostasis model assessment of 
insulin resistance (HOMA-IR) and beta-cell function (HOMA-B), quantitative insulin sensitivity 
index (QUICKI), lipid profile, blood pressure, and safety profiles. Furthermore pre-specified 
subgroup analysis in patients with serum 25(OH)D < 50 nmol/l or HbA1c  between 7 and 
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8% (53 - 64 mmol/mol) at baseline were performed. An exploratory subgroup analysis 
was performed in patients with severe vitamin D defiency (serum 25(OH)D < 30 nmol/l). 
Outcome measurements were obtained at baseline (immediately prior to dosing), at three 
and six months. Venous blood samples for serum 25(OH)D, HbA1c, fasting blood glucose and 
insulin, lipid profile, serum calcium, albumin, creatinine and parathyroid hormone (PTH) were 
collected after an overnight fast at 8.00 – 9.30 am. Serum 25(OH)D level was measured 
on an iSYS automated immunoanalyser (IDS GmbH, Frankfurt, Germany). PTH was deter-
mined using an Access intact PTH-assay on a Beckman Coulter UniCel DxI immunoanalyser 
(Beckman Coulter Nederland B.V., Mijdrecht, the Netherlands). All assays were performed 
according to the manufacturer’s instructions and carried out by the clinical chemistry labo-
ratory of the Medical Center Alkmaar, the Netherlands. This laboratory is CCKL certified.

Statistical analysis
We calculated that 126 patients with type 2 diabetes mellitus would be required in this trial 
to demonstrate a significant difference at 80% power and 5% significance. Power calculations 
were based on the literature and aimed at a difference of 0.5% in HbA1c value in the treated 
group as compared to the placebo group with a standard deviation of 1.0 % (15). With an 
expected rate of 50% of the subjects having a serum 25(OH)D < 50 nmol/l, 252 subjects 
would be required to draw conclusions in vitamin D subgroups (deficient versus sufficient). 
According to an expected drop out rate of 20%, 300 subjects were recruited. 
All data were analyzed using the statistical package Statistical Package of the Social Sciences 
(SPSS software, version 20.0, SPSS Inc, Chicago, IL). Baseline characteristics were presented 
as means ± standard deviation (SD), frequencies (%), or as median (IQR) in case of a skewed 
distribution. According to the guidelines of the institute of medicine (IoM) vitamin D defi-
ciency was defined by a serum 25(OH)D < 50 nmol/l (16). Severe vitamin D deficiency 
is defined by a serum 25(OH)D < 30 nmol/l according to the Dutch Health Council. The 
efficacy analyses to explore the intervention effect on glycaemic control, were based on a 
modified intention-to-treat (ITT) protocol, in which all randomised patients with at least 
one available post-baseline HbA1c value were included. For patients with missing data at six 
months the last measurement was carried forward. Per-protocol analysis was also performed 
including all patients who completed the trial. Linear regression analysis was used to assess the 
mean difference between intervention and placebo groups after six months (mean difference 
is reported as beta). Change in HbA1c was analysed as primary outcome with randomisation 
group and baseline values as explanatory measures. All effects were adjusted for baseline 
value, sex, season of measurement, baseline age and BMI, and ethnicity in line with earlier 
literature. For the pre-specified subgroup analysis among patients with vitamin D deficiency 
and an HbA1c level > 7% (53 mmol/mol) at baseline, the same analyses were used. For the 
exploratory analysis among patients with a severe vitamin D defiency, the results were solely 
adjusted for baseline value, age and season of measurement, due to the small sample size 
with a lack of statistical power. Skewed continuous variables were natural log transformed 
before analysis. A two-sided p-value < 0.05 was considered as statistically significant. 
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results

Of the 787 patients who were screened for eligibility, 423 were invited for participation. 
Of these, 300 potential participants were recruited for the study of whom 275 showed up 
at the first visit and were randomised (139 and 136 in the placebo and vitamin D group, 
respectively). In total 261 (95%), 132 in the placebo group and 129 in the vitamin D group 
accomplished the three months measurement and were included in the intention to treat 
analysis (Figure 4.1).

Figure 4.1. Participant flowchart

*Most patients did not meet the inclusion criteria because of insulin therapy
†criteria for premature termination of the trial: increase of HbA1c (n = 5), change in antidiabetic medication 
(n = 10), or serum 25(OH)D < 15 or > 150 nmol/l (n =2). ITT, intention to treat.

The main reasons for premature termination between start and completion of the trial 
were: any alteration in oral hypoglycaemic agents (n =10), serum 25(OH)D < 15 or > 150 
nmol/l (n = 2), lost to follow-up (n = 10), and HbA1c level  > 69 mmol/mol (8.5%) (n = 5). 
Baseline demographic, anthropometric and biochemical characteristics of both groups are 
presented in Table 4.1. The mean age of all patients was 67 ± 8 years and 65% were male. 
The mean diabetes duration was 6 ± 5 years with a mean baseline HbA1c value of 6.8 ± 
0.5% (51 ± 6 mmol/mmol). The anti-diabetic treatment regimen did not differ between both 
groups. Overall mean serum 25(OH)D was 59.8 ± 23.2 nmol/l. Vitamin D deficiency was 
present in 98 out of 261 patients (38%), 102 patients (39%) had a serum 25(OH)D level 
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between 50 - 74 nmol/l, and 61 patients (23%) had a 25(OH)D level between 75 and 150 
nmol/l at baseline. No differences were reported in diet (dairy products and fish intake) at 
baseline between both groups. Statin use was high in both groups (84%). 
Serum 25(OH)D level increased significantly in patients who received vitamin D supple-
mentation: 60.6 ± 23.3 nmol/l to 101.4 ± 27.6 nmol/l at six months, compared to no change 
in the placebo group: serum 25(OH)D: 59.1 ± 23.2 nmol/l to 59.8 ± 27.4 nmol/l. 75% of 
the patients in the intervention group achieved a serum 25(OH)D level ≥ 75 nmol/l at 
three months, and 85% after six months of vitamin D supplementation. A significant inverse 
association was found between baseline serum 25(OH)D level and the increase in serum 
25(OH)D at six months in both groups (r = -0.42, p = <0.001; and r = -0.38, p = <0.001, 
in vitamin D and placebo group respectively). No significant association was found between 
baseline BMI and the change in serum 25(OH)D level.

Table 4.1 Patient demographics and baseline characteristics. 

Vitamin D group Placebo group

n = 129 n = 132

Demographic parameters

Male, n (%) 88 (68) 82 (62)
Age (years) 67 ± 8 67 ± 9
Diabetes duration (years) 6 ± 4 6 ± 5
White skin colour, n (%) 122 (95) 122 (93)
Antidiabetic treatment, n (%) 

Lifestyle adjustments 4 (3) 7 (5)
Metformin 91 (71) 75 (57)
SU-derivatives 3 (2) 5 (4)
Metformin + SU-derivatives 31 (24) 45 (34)

Microvascular complications ≥ 1, n (%)*  35 (27) 16 (12)

Cardiovascular disease, n (%)  35 (27) 48 (36)
Current smoker, n (%)  18 (14) 19 (14)

Alcohol use ≤ 2 EH/day, n (%)  114 (88) 114 (86)

Dairy intake ≥ 2 units/day, n (%)  85 (66) 100 (76)

Fish intake > 1 servings/week, n (%)  45 (35) 56 (42)
Vitamin D supplements, n (%)† 18 (14) 12 (9)
Exposure to sun, n (%) 

< 5 hours/week 50 (39) 52 (39)
5-10 hours/week 57 (44) 59 (45)
>10 hours/week 22 (17) 21 (16)
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Table 4.1 Continued. 

Vitamin D group Placebo group

n = 129 n = 132

Demographic parameters

Physical activity, n (%) 
< 2 hours/week 40 (31) 38 (29)
2-5 hours/week 56 (43) 67 (51)
>5 hours/week 33 (26) 27 (20)

Season of blood collection, n (%) 
Spring 15 (12) 12 (9)
Summer 31 (24) 32 (24)
Autumn 63 (49) 64 (45)
Winter 20 (15) 24 (18)

Clinical characteristics

BMI (kg/m2) 28.7 ± 4.6 28.5 ± 4.5
Systolic BP (mmHg) 146 ± 18 146 ± 18
Diastolic BP (mmHg) 81 ± 10 81 ± 9
Waist circumference (cm), median (IQR) 105 (97 - 111) 103 (95 - 109)
Fasting glucose (mmol/l) 7.7 ± 1.1 7.6 ± 1.1
Fasting insulin (mU/l) 15.6 ± 9.9 16.6 ± 10.1
HbA1c (% / mmol/mol) 6.8 ± 0.5 / 51 ± 6 6.8 ± 0.5 / 51 ± 5
HOMA-IR, median (IQR) 4.63 (2.61 - 6.78) 4.59 (3.1 - 7.0)
QUICKI 0.31 ± 0.03 0.31 ± 0.03
HOMA-B, median (IQR) 64.8 (43.3 - 102.6) 66.7 (46.9 - 122.9)
Cholesterol (mmol/l) 4.4 ± 1.0 4.4 ± 1.0
HDL-cholesterol (mmol/l), median (IQR) 1.1 (1.0 - 1.3) 1.1 (1.0 - 1.3)
Triglycerides (mmol/l), median (IQR) 1.5 (1.1 - 2.0) 1.4 (1.0 - 2.1)
LDL-cholesterol (mmol/l) 2.5 ± 0.9 2.5 ± 0.9
Chol/HDL-ratio (mmol/l) 3.88 ± 1.06 3.92 ± 1.28
Serum 25(OH)D (nmol/l) 60.6 ± 23.3 59.1 ± 23.2
Serum creatinine (µmol/l) 83 ± 18 81 ± 18
Serum calcium (mmol/l) 2.32 (2.28 – 2.38) 2.33 (2.28 – 2.40)
Serum PTH (pmol/l) 5.4 ± 2.2 5.6 ± 2.1
Data are presented as mean ± SD, unless indicated otherwise. 
*Including nephropathy, neuropathy and retinopathy
†Maximum dose of 400IU vitamin D supplement daily before start of the trial
25(OH)D, 25-hydroxyvitamin D; BMI, body mass index; BP, blood pressure; HOMA, homeostatic model assess-
ment; IQR, interquartile range; PTH, parathyroid hormone; QUICKI, quantitative insulin sensitivity check index.
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Serum 25(OH)D level and glycaemic control
Concerning the primary outcome, the change in HbA1c from baseline to six months including 
all patients, did not differ significantly between both groups (β = 0.4, 95% CI: -0.6 to 1.5; p = 
0.42) (Table 4.2a). Regarding mean change of the secondary outcomes, no significant differ-
ences between both groups were seen in other indicators of glycaemic control (HOMA-IR, 
HOMA-B, fasting glucose, fasting insulin and QUICKI) and anthropometric variables (Table 
4.2a). A significant difference, to detriment of the vitamin D group, was observed in total 
cholesterol/HDL ratio. This result however, remained no longer significant after adjustment 
for the change in BMI over six months and baseline total cholesterol/HDL ratio (data not 
shown). Serum 25(OH)D level and PTH significantly differed between both groups. Systolic 
blood pressure fell significantly in both groups (-6.4 ± 17.7 mmHg,  p = < 0.001 in the vitamin 
D group; -6.8 ± 17.2 mmHg, p = < 0.001 in the placebo group), but the difference between 
the intervention and control group was not significant. Per protocol analysis did not change 
the results (data not shown).
Pre-specified subgroup analysis in patients with a serum 25(OH)D < 50 nmol/l (n = 98) 
did neither reveal any change in HbA1c between both groups (β = 0.07, 95% CI: -2.0 to 1.9; 
p = 0.95), nor in the other indicators of glycaemic control (Table 4.2b). In addition, no effect 
was seen in subgroups with reduced glycaemic control (baseline HbA1c  > 7.0% [53 mmol/
mol]) (data not shown).
 
Performing an exploratory subgroup analysis in severe vitamin D deficient patients (n = 19) 
demonstrated a significant mean difference of 3.1 mmol/mol in HbA1c after six months of 
vitamin D supplementation between both groups (β = -3.1, 95% CI: -6.0 to -0.1; p = 0.04). 
This result remained significant after adjustments for baseline HbA1c, season of measurement 
and age (β = -3.5, 95% CI: -6.6 to -0.4; p = 0.02) (Table 4.2c). In the safety profiles, one 
patient in the treatment group experienced new onset urolithiasis who was excluded after 
three months. No other side effects were seen in the vitamin D group, in particular, none of 
the patients developed hypercalcemia during the study. 
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Table 4.2. Comparison of characteristics before and after treatment in both groups in a) the entire study 
sample, b) subgroup of patients with baseline serum 25(OH)D < 50 nmol/l and c) subgroup of patients with 
serum 25(OH)D < 30 nmol/l.

2a. Vitamin D group (n = 129) Placebo group (n = 132) Adjusted β (95% CIs)† p-value

Characteristics 0 m 6 m 0 m 6 m

Serum 25(OH)D (nmol/l) 60.6 ± 23.3 101.4 ± 27.6 59.1 ± 23.2 59.8 ± 27.4 41.4 (36.5 – 46.2) < 0.01
HbA1c (% / mmol/mol) 6.8 ± 0.5 / 51 ± 6 6.8 ± 0.6 / 51 ± 6 6.8 ± 0.5 / 51 ± 5 6.8 ± 0.6 / 50 ± 7 0.04 (-0.06 – 0.14) / 0.4 (-0.6 – 1.5) 0.42
BMI (kg/m2) 28.7 ± 4.6 29.0 ± 4.6 28.5 ± 4.5 28.6 ± 4.6 0.23 (0.04 – 0.43) 0.02
Systolic BP (mmHg) 146 ± 18 140 ± 16 146 ± 18 139 ± 14 -0.2 (-3.5 – 3.1) 0.91
Diastolic BP (mmHg) 81 ± 10 79 ± 10 81 ± 9 79 ± 9 -0.2 (-2.3 – 1.9) 0.87
Fasting glucose (mmol/l) 7.7 ± 1.1 8.1 ± 1.4 7.6 ± 1.1 7.8 ± 1.2 0.2 (-0.1 – 0.5) 0.16
Fasting insulin (mU/l) 15.6 ± 9.9 16.3 ± 11.1 16.6 ± 10.1 16.3 ± 9.8 0.5 (-1.1 – 2.1) 0.52
HOMA-IR, median (IQR)* 4.63 (2.61 – 6.78) 4.99 (3.29 – 6.98) 4.59 (3.10 – 7.00) 4.83 (3.37 – 7.24) 0.06 (-0.05 – 0.17) 0.31
HOMA-B, median (IQR)* 64.8 (43.3 – 102.6) 64.8 (46.1 – 93.8) 66.7 (46.9 – 122.9) 67.4 (42.5 – 102.7) -0.02 (-0.11 – 0.07) 0.64
QUICKI 0.31 ± 0.03 0.31 ± 0.03 0.31 ± 0.03 0.31 ± 0.03 -0.00 (-0.01 – 0.00) 0.39
Chol/HDL ratio (mmol/l) 3.88 ± 1.06 3.99 ± 1.16 3.92 ± 1.28 3.85 ± 1.24 0.19 (-0.03 – 0.35) 0.10
Serum PTH (pmol/l) 5.4 ± 2.2 5.4 ± 2.3 5.6 ± 2.1 6.3 ± 2.9 -0.87 (-1.32 - -0.42) < 0.01
Serum calcium (mmol/l), median (IQR)* 2.32 (2.28 – 2.38) 2.32 (2.29 – 2.38) 2.33 (2.28 – 2.40) 2.33 (2.29 – 2.38) 0.00 (-0.01 – 0.02) 0.48
2b. Vitamin D group (n = 44) Placebo group (n = 54) Adjusted β (95% CIs)† p-value

Characteristics 0 m 6 m 0 m 6 m

Serum 25(OH)D (nmol/l) 36.6 ± 7.7 90.3 ± 22.2 37.7 ± 8.2 48.4 ± 26.2 44.5 (36.4 – 52.3) < 0.01
HbA1c (% / mmol/mol) 6.8 ± 0.5 / 51 ± 5 6.8 ± 0.5 / 51 ± 6 6.8 ± 0.5 / 51 ± 6 6.8 ± 0.7 / 50 ± 7 -0.01 (-0.17 – 0.17) /   -0.07 (-2.0 – 1.9) 0.95
BMI (kg/m2) 30.2 ± 5.2 30.4 ± 5.0 29.4 ± 4.1 29.6 ± 4.3 -0.01 (-0.31 – 0.32) 0.97
Fasting glucose (mmol/l) 7.6 ± 0.9 8.0 ± 1.4 7.5 ± 1.1 7.9 ± 1.3 0.05 (-0.44 – 0.53) 0.85
Fasting insulin (mU/l) 16.1 ± 8.8 18.2 ± 14.4 16.4 ± 9.3 17.1 ± 10.8 0.56 (-2.8 – 3.9) 0.74
HOMA-IR, median (IQR)* 5.29 (3.14 – 7.27) 5.57 (3.37 – 7.37) 4.85 (3.10 – 6.69) 5.14 (3.25 – 7.48) 0.02 (-0.18 – 0.03) 0.84
2c. Vitamin D group (n = 8) Placebo group (n = 11) Adjusted β (95% CIs)‡ p-value

Characteristics 0 m 6 m 0 m 6 m

Serum 25(OH)D (nmol/l), median (IQR)* 25.0 (22.0 – 26.5) 85.0 (68.5 – 95.5) 25.0 (22.0 – 29.0) 18.0 (16.0 – 27.0) 1.22 (0.60 – 1.85) < 0.01
HbA1c (% / mmol/mol) 7.0 ± 0.5 / 53 ± 5 6.8 ± 0.6 / 51 ± 7 6.7 ± 0.4 / 50 ± 5 6.7 ± 0.5 / 51 ± 6 -0.34 (-0.65 - -0.04) /    -3.5 (-6.6 - -0.4) 0.02
BMI (kg/m2), median (IQR)* 29.8 (26.0 – 31.1) 29.6 (26.5 – 31.0) 29.8 (27.6 – 30.5) 29.1 (28.0 – 30.8) 0.01 (-0.02 – 0.04) 0.62
Fasting glucose (mmol/l), median (IQR)* 8.0 (7.0 – 8.3) 7.9 (6.9 – 10.2) 7.2 (6.3 – 8.2) 8.1 (6.6 – 8.3) 0.07 (-0.10 – 0.24) 0.40
Fasting insulin (mU/L) 14.7 ± 6.8 15.1 ± 8.0 22.0 ± 13.6 24.9 ± 14.8 -2.5 (-12.1 – 7.1) 0.58
HOMA-IR, median (IQR)* 4.27 (3.33 – 6.75) 5.38 (3.05 – 7.17) 5.10 (3.91 – 9.47) 7.94 (3.71 - 11.66) -0.05 (-0.66 – 0.56) 0.87
Data are expressed as mean ± SD, unless otherwise stated. Significance between groups was tested with linear 
regression analysis.
* Analyses based on natural logarithms
† Analyses adjusted for baseline value, age, BMI, ethnicity, sex, and season of measurement

‡ Analyses adjusted for baseline value, age and season of measurement
25(OH)D, 25-hydroxyvitamin D; BMI, body mass index; BP, blood pressure; HOMA, homeostatic model assess-
ment; m, months; PTH, parathyroid hormone; QUICKI, quantitative insulin sensitivity index  
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Table 4.2. Comparison of characteristics before and after treatment in both groups in a) the entire study 
sample, b) subgroup of patients with baseline serum 25(OH)D < 50 nmol/l and c) subgroup of patients with 
serum 25(OH)D < 30 nmol/l.

2a. Vitamin D group (n = 129) Placebo group (n = 132) Adjusted β (95% CIs)† p-value

Characteristics 0 m 6 m 0 m 6 m

Serum 25(OH)D (nmol/l) 60.6 ± 23.3 101.4 ± 27.6 59.1 ± 23.2 59.8 ± 27.4 41.4 (36.5 – 46.2) < 0.01
HbA1c (% / mmol/mol) 6.8 ± 0.5 / 51 ± 6 6.8 ± 0.6 / 51 ± 6 6.8 ± 0.5 / 51 ± 5 6.8 ± 0.6 / 50 ± 7 0.04 (-0.06 – 0.14) / 0.4 (-0.6 – 1.5) 0.42
BMI (kg/m2) 28.7 ± 4.6 29.0 ± 4.6 28.5 ± 4.5 28.6 ± 4.6 0.23 (0.04 – 0.43) 0.02
Systolic BP (mmHg) 146 ± 18 140 ± 16 146 ± 18 139 ± 14 -0.2 (-3.5 – 3.1) 0.91
Diastolic BP (mmHg) 81 ± 10 79 ± 10 81 ± 9 79 ± 9 -0.2 (-2.3 – 1.9) 0.87
Fasting glucose (mmol/l) 7.7 ± 1.1 8.1 ± 1.4 7.6 ± 1.1 7.8 ± 1.2 0.2 (-0.1 – 0.5) 0.16
Fasting insulin (mU/l) 15.6 ± 9.9 16.3 ± 11.1 16.6 ± 10.1 16.3 ± 9.8 0.5 (-1.1 – 2.1) 0.52
HOMA-IR, median (IQR)* 4.63 (2.61 – 6.78) 4.99 (3.29 – 6.98) 4.59 (3.10 – 7.00) 4.83 (3.37 – 7.24) 0.06 (-0.05 – 0.17) 0.31
HOMA-B, median (IQR)* 64.8 (43.3 – 102.6) 64.8 (46.1 – 93.8) 66.7 (46.9 – 122.9) 67.4 (42.5 – 102.7) -0.02 (-0.11 – 0.07) 0.64
QUICKI 0.31 ± 0.03 0.31 ± 0.03 0.31 ± 0.03 0.31 ± 0.03 -0.00 (-0.01 – 0.00) 0.39
Chol/HDL ratio (mmol/l) 3.88 ± 1.06 3.99 ± 1.16 3.92 ± 1.28 3.85 ± 1.24 0.19 (-0.03 – 0.35) 0.10
Serum PTH (pmol/l) 5.4 ± 2.2 5.4 ± 2.3 5.6 ± 2.1 6.3 ± 2.9 -0.87 (-1.32 - -0.42) < 0.01
Serum calcium (mmol/l), median (IQR)* 2.32 (2.28 – 2.38) 2.32 (2.29 – 2.38) 2.33 (2.28 – 2.40) 2.33 (2.29 – 2.38) 0.00 (-0.01 – 0.02) 0.48
2b. Vitamin D group (n = 44) Placebo group (n = 54) Adjusted β (95% CIs)† p-value

Characteristics 0 m 6 m 0 m 6 m

Serum 25(OH)D (nmol/l) 36.6 ± 7.7 90.3 ± 22.2 37.7 ± 8.2 48.4 ± 26.2 44.5 (36.4 – 52.3) < 0.01
HbA1c (% / mmol/mol) 6.8 ± 0.5 / 51 ± 5 6.8 ± 0.5 / 51 ± 6 6.8 ± 0.5 / 51 ± 6 6.8 ± 0.7 / 50 ± 7 -0.01 (-0.17 – 0.17) /   -0.07 (-2.0 – 1.9) 0.95
BMI (kg/m2) 30.2 ± 5.2 30.4 ± 5.0 29.4 ± 4.1 29.6 ± 4.3 -0.01 (-0.31 – 0.32) 0.97
Fasting glucose (mmol/l) 7.6 ± 0.9 8.0 ± 1.4 7.5 ± 1.1 7.9 ± 1.3 0.05 (-0.44 – 0.53) 0.85
Fasting insulin (mU/l) 16.1 ± 8.8 18.2 ± 14.4 16.4 ± 9.3 17.1 ± 10.8 0.56 (-2.8 – 3.9) 0.74
HOMA-IR, median (IQR)* 5.29 (3.14 – 7.27) 5.57 (3.37 – 7.37) 4.85 (3.10 – 6.69) 5.14 (3.25 – 7.48) 0.02 (-0.18 – 0.03) 0.84
2c. Vitamin D group (n = 8) Placebo group (n = 11) Adjusted β (95% CIs)‡ p-value

Characteristics 0 m 6 m 0 m 6 m

Serum 25(OH)D (nmol/l), median (IQR)* 25.0 (22.0 – 26.5) 85.0 (68.5 – 95.5) 25.0 (22.0 – 29.0) 18.0 (16.0 – 27.0) 1.22 (0.60 – 1.85) < 0.01
HbA1c (% / mmol/mol) 7.0 ± 0.5 / 53 ± 5 6.8 ± 0.6 / 51 ± 7 6.7 ± 0.4 / 50 ± 5 6.7 ± 0.5 / 51 ± 6 -0.34 (-0.65 - -0.04) /    -3.5 (-6.6 - -0.4) 0.02
BMI (kg/m2), median (IQR)* 29.8 (26.0 – 31.1) 29.6 (26.5 – 31.0) 29.8 (27.6 – 30.5) 29.1 (28.0 – 30.8) 0.01 (-0.02 – 0.04) 0.62
Fasting glucose (mmol/l), median (IQR)* 8.0 (7.0 – 8.3) 7.9 (6.9 – 10.2) 7.2 (6.3 – 8.2) 8.1 (6.6 – 8.3) 0.07 (-0.10 – 0.24) 0.40
Fasting insulin (mU/L) 14.7 ± 6.8 15.1 ± 8.0 22.0 ± 13.6 24.9 ± 14.8 -2.5 (-12.1 – 7.1) 0.58
HOMA-IR, median (IQR)* 4.27 (3.33 – 6.75) 5.38 (3.05 – 7.17) 5.10 (3.91 – 9.47) 7.94 (3.71 - 11.66) -0.05 (-0.66 – 0.56) 0.87
Data are expressed as mean ± SD, unless otherwise stated. Significance between groups was tested with linear 
regression analysis.
* Analyses based on natural logarithms
† Analyses adjusted for baseline value, age, BMI, ethnicity, sex, and season of measurement

‡ Analyses adjusted for baseline value, age and season of measurement
25(OH)D, 25-hydroxyvitamin D; BMI, body mass index; BP, blood pressure; HOMA, homeostatic model assess-
ment; m, months; PTH, parathyroid hormone; QUICKI, quantitative insulin sensitivity index  
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discussion

In this double-blind placebo-controlled randomised clinical trial the effect of six months 
oral vitamin D3 supplementation on glycaemic control was investigated in patients with 
well-controlled type 2 diabetes mellitus. We did not find a significant effect of vitamin D 
supplementation on glycaemic control and metabolic profile in the entire study population, 
despite an significant increase in serum 25(OH)D level in patients who received vitamin D. 
A significant effect of vitamin D supplementation on HbA1c was seen after six months in 
severe vitamin D deficient patients. However, despite we adjusted for baseline HbA1c  value, 
this significant result may be explained by the imbalance in baseline HbA1c  value between 
the group receiving vitamin D compared to placebo. 
The current study adds to an increasing body of evidence that vitamin D supplementation 
in vitamin D sufficient patients with type 2 diabetes mellitus does not improve glycaemic 
control. Unfortunately, studies or subgroup analyses in patients with a vitamin D deficient 
status regarding glycaemic indices in patients with type 2 diabetes mellitus are limited (17-19). 
Three studies included solely vitamin D deficient (serum 25(OH)D < 50 nmol/l) patients 
with type 2 diabetes mellitus, of which one reported endothelial function as primary out-
come (19). In a study performed among 129 Korean patients with a mean serum 25(OH)D 
level of 26.1 ± 11.2 nmol/l, the patients were randomised into either vitamin D3 2000 IU/
day combined with calcium 200 mg or placebo. After a follow-up of 24 weeks no difference 
was seen in the intervention group on HbA1c or insulin resistance, despite a significant rise 
in serum 25(OH)D level (25.2 ± 9.7 nmol/l to 75.4 ± 25.2 nmol/l) (18). 
Our findings are consistent with a recent meta-analysis, which reported that there is insuffi-
cient evidence of a beneficial effect to recommend vitamin D supplementation as a means 
of improving glycaemic control in patients with type 2 diabetes mellitus (13). Most studies 
which investigated the effect of vitamin D supplementation in patients with type 2 diabetes 
mellitus did not find a significant effect on glycaemic control (20-24). However, in one study 
performed by Nikooyeh et al.(25) in which patients were randomised into plain yoghurt 
drink or vitamin D3 fortified yoghurt drink (~1000 IU a day), after 12 weeks, there was a 
significant reduction in HbA1c, HOMA-IR, fasting insulin and glucose (25).
Intervention studies among other study populations than type 2 diabetes mellitus yielded 
conflicting results (26-29). Possible reasons for the lack of an effect found in intervention 
studies might be related to the patient characteristics (e.g. baseline serum 25(OH)D and 
HbA1c), duration of the study, sample size, dosage or formulation of vitamin D supplement 
and primary outcome of the studies). 
The discrepancy between epidemiologic studies and intervention studies regarding vitamin 
D status is remarkable; almost all epidemiologic studies reported a significant association 
between vitamin D status and glycaemic control or incident diabetes mellitus, whereas almost 
all intervention studies did not show an effect of vitamin D supplementation on glycaemic 
indices. This observation suggests that vitamin D status could be more an expression of ill-
health than a cause of poor glycaemic control. 
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Strengths of our study are the randomised double-blind placebo-controlled study design, the 
use of a large sample size with similar characteristics at baseline in intervention and control 
group, the relatively high dose of vitamin D supplementation leading to adequate target 
levels of serum 25(OH)D. 
Our study also has important limitations, which may partly be responsible for the lack of an 
effect found on glycaemic control in the whole study population. First, our study population 
consisted of patients who were relatively well controlled in their diabetes mellitus regulation, 
treated with lifestyle advice whether or not in combination with oral hypoglycaemic agents, 
with the majority of the patients having no cardiovascular complications. Moreover, only 37% 
of our included patients had a serum 25(OH)D < 50 nmol/l, instead of the estimated 50% to 
have enough power for a subgroup analysis of patients with a serum 25(OH)D < 50 nmol/l. 
It is imaginable that vitamin D supplementation is only effective in patients with vitamin D 
deficiency and that due to a power problem we did not find an effect on glycaemic control 
in the subgroup with a serum 25(OH)D < 50 nmol/l (type II error).  
Second, an important limitation is the use of a large intermittent dose of vitamin D sup-
plementation, which is currently not promoted. Debate is ongoing whether vitamin D 
supplementation has to be given in a lower oral dosage once daily instead of a higher dose 
once a month (30). We believe that another supplementation regimen would not have 
altered our results, because the intervention group achieved a rise in serum 25(OH)D level 
from 60.6 to 101.4 nmol/l, indicating an optimal increase. Another limitation of our study is 
the use of HOMA-IR to measure insulin resistance instead of hyperinsulinemic-euglycaemic 
clamp which is the gold standard method to assess insulin sensitivity.
In conclusion, a large intermittent dose of vitamin D supplementation at a level optimising 
serum 25(OH)D level, did not improve glycaemic control in patients with well-controlled 
type 2 diabetes mellitus. Further research among vitamin D deficient patients with poorly reg-
ulated type 2 diabetes mellitus will be necessary to elucidate the question whether vitamin D 
supplementation is effective on glycaemic control or if it appears to be a marker of ill health.
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abstract

Background
Patients with type 2 diabetes mellitus are at an increased risk for prevalent and incident 
depression, but the biological mechanisms that explain these associations are unclear. A 
low 25-hydroxyvitamin D (25(OH)D) level is common in type 2 diabetes mellitus. In 
other observational studies, low 25(OH)D levels were linked with increased depression 
prevalence. The present study is the first to test whether a low serum 25(OH)D level 
explains the increased prevalence of depression in type 2 diabetes mellitus.

Methods 
Cross-sectional analysis of 527 people, aged 60 to 87 years, who participated in a 
population-based cohort study. Type 2 diabetes mellitus, impaired glucose tolerance 
(IGT), impaired fasting glucose (IFG), and normal glucose metabolism were defined 
according to the 2006 World Health Organization criteria. The Centre for Epidemi-
ologic Studies Depression (CES-D) questionnaire with the cut-off score of ≥ 16 was 
used to determine clinically relevant depressive symptoms.

Results
Logistic regression confirmed that women with IGT/IFG and patients with type 2 dia-
betes mellitus indeed had an increased risk for depressive symptoms (unadjusted: OR 
3.66, 95%CI: 1.59 to 8.43 and OR 3.04, 95%CI: 1.57 to 5.88, respectively), compared to 
people with normal glucose metabolism. Serum 25(OH)D level was not a mediating 
factor in the association between IGT/IFG or type 2 diabetes mellitus and depressive 
symptoms (unstandardized indirect effect: 0.001, 95%CI: -0.063 to 0.079 and 0.004, 
95%CI: -0.025 to 0.094, respectively).

Conclusions
Low levels of vitamin D do not explain why patients with type 2 diabetes mellitus have 
higher depression scores.
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introduction

Diabetes mellitus is a chronic condition that affected an estimated number of 415 million 
patients worldwide in 2015 (1). Depression is a common co-morbid psychiatric disorder in 
patients with type 2 diabetes mellitus. A meta-analysis performed by Ali et al. (2), including ten 
cross-sectional studies which were conducted in either population samples or in primary-care 
setting, found a prevalence of clinically relevant depressive symptoms of 18% in patients 
with type 2 diabetes mellitus, compared to 10% in those without (2). This suggests that at 
least one in six patients with type 2 diabetes mellitus suffer from depressive symptoms to a 
degree that may interfere with functional health. Depression in patients with diabetes mellitus 
is associated with a decreased quality of life (3), increased risk of micro- and macrovascular 
complications (4) and an almost 50% increased risk for all-cause mortality compared to 
non-depressed controls with diabetes mellitus (5).
The exact causes for this relatively high prevalence and incidence of depression in patients 
with type 2 diabetes mellitus compared to those without remain to be elucidated. In a Dutch 
multi-centre study, depressive symptoms were common in outpatients with type 2 diabetes 
mellitus, particularly those of non-Dutch descent, higher BMI and those with neuropathy (6). 
In addition, insulin use, younger age, higher HbA1c levels, non-Dutch origin, higher BMI and 
neuropathy were found to be independently correlated with diabetes-specific emotional 
distress (7). Biological mechanisms that could explain the associations between diabetes 
mellitus and depressive symptoms include endothelial dysfunction, over-activation of innate 
immunity leading to a cytokine-mediated inflammatory response, and potentially through 
dysregulation of the hypothalamic-pituitary-adrenal axis (8,9). Another overlooked biological 
mechanism could be a low serum 25-hydroxyvitamin D (25(OH)D) level. A low level of 
25(OH)D is common in patients with type 2 diabetes mellitus (10) and has also been linked 
with depressive symptoms in two meta-analyses including only studies with an observational 
design (11,12). Furthermore, in a recent meta-analysis of seven randomized controlled trials 
(RCT), vitamin D supplementation appeared to have no effect on depressive symptoms in 
the overall analysis (standardized mean difference [SMD] -0.14, 95% confidence interval [CI]: 
-0.33 to 0.05, p = 0.16), but considerable heterogeneity was observed (13). Further analysis 
showed that vitamin D supplementation for patients with clinically relevant depressive symp-
toms or major depressive disorder had a moderate, statistically significant effect (based on 
two studies (14,15): SMD -0.60, 95% CI: -1.19 to -0.01) (13). It was also concluded by Shaffer 
et al. (13) that the trials varied considerably in the amount, frequency and duration of vitamin 
D supplementation (13). A second meta-analysis performed by Spedding (16) combined 
two studies, which include depressed (14), and overweigt (17) patients with similar baseline 
25(OH)D level (57 and 55 nmol/l, respectively) and doses of vitamin D over 800 nmol/l  
and found also an effect of vitamin D supplementation for improving depressive symptoms 
(SMD 0.78, 95% CI: 0.24 to 1.27) (16). Interestingly, the RCTs with nondepressed patients 
included in the meta-analysis from Shaffer et al. (13), showed no effect of vitamin D supple-
mentation, except for the study of Jorde et al. (17) that reported a statistically significant but 
small reduction of depressive symptoms after vitamin D supplementation in obese patients 
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without diabetes mellitus (17). These results suggest that a low 25(OH)D level might be one 
of the biological mechanisms that link depressive symptoms and type 2 diabetes mellitus.
Vitamin D is a seco-steroid and can be obtained from foods or can be produced in the skin 
during sun exposure. The discovery of the presence of vitamin D receptors (VDR) and the 
enzyme that is required for the hydroxylation of 25(OH)D to the active form of vitamin D, 
in several tissues including pancreatic β-cells, immune cells and brain cells suggests a potential 
link between vitamin D deficiency and several conditions including depression and type 2 
diabetes mellitus (18,19). It has been hypothesized that vitamin D could influence depressive 
symptoms by regulating syntheses levels of glucocorticoids and serotonin (20,21). Further-
more, by inhibiting the production of pro-inflammatory markers and reducing oxidative 
stress, vitamin D might also reduce (low-grade) systemic inflammation, which is an important 
factor in the pathophysiology of both insulin resistance and depression (21-23). Also, high 
parathyroid hormone levels, secondary to low serum 25(OH)D level, are linked to various 
acute phase proteins and depression (18,24).
Taking these findings into account, we hypothesized that the increased prevalence of depres-
sion in patients with type 2 diabetes mellitus compared to those without can be partly 
explained by a low vitamin D status. To the best of our knowledge, this hypothesis has not 
been tested previously. 

methods

Study design and participants
In the present study, data of 527 Caucasian people, aged 60-87 years were analyzed. Data 
were collected within the framework of a follow up examination in 2000-2001, as part of 
the population-based cohort study: “the Hoorn study” (25,26). The Hoorn study started in 
1989 with the objective to investigate the prevalence of type 2 diabetes mellitus and asso-
ciated risk factors, collecting information in 2,484 people originating from a random sample 
of the municipal registry of the Dutch town of Hoorn, latitude N 52°. All patients with type 
2 diabetes mellitus (n = 176) and a random sample of those with IGT/IFG (n = 193) or a 
normal glucose metabolism status (n = 705) were invited for a third follow-up examination 
from January 2000 through July 2001. Only those who had given permission to be contacted 
again after the second follow-up examination in 1996-1998 were invited for the third follow 
up assessment. In total 1,074 people were invited of whom 647 (60%) participated. Reasons 
for non-participating were no interest (30%), comorbidity (23%), old age (7%), unwillingness 
to travel (6%), participation considered too time-consuming (6%), and miscellaneous reas-
ons (15%). 13% of the people did not gave a reason for non-participation. After exclusion 
of people with missing data for depression (CES-D) (n = 84), glucose metabolism status 
(n = 14) or serum 25(OH)D level (n = 22), 527 people remained for analysis. All people 
gave written informed consent and the study was approved by the Ethics Committee of VU 
University Medical Centre Amsterdam, the Netherlands. 
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Study parameters and measurements
The following parameters were collected using a self-report questionnaire: age, sex, medi-
cation use, physician diagnosed presence of cardiovascular disease CVD, including angina, 
claudication, possible infarction, amputation, cerebrovascular accident, arterial surgery and 
evidence for CVD on an electrocardiogram and by measuring the ankle brachial pressure 
index), marital status, employment status, education level (low defined as completing pri-
mary school or lower vocational education only) and current smoking. Physical activity and 
determinants of vitamin D intake, including the consumption of margarine and fatty fish, and 
ingestion of vitamin D-containing supplements were assessed using validated questionnaires 
(27). To measure total body fat, a whole-body dual-energy X-ray absorptiometry (DXA) 
scan using fan beam technology was conducted (QDR-2000, software version 7.20D; Holo-
gic, Brussels, Belgium). Fasting plasma glucose concentration and 2-hour post-load plasma 
glucose concentration after a 75-g oral glucose tolerance test (OGTT) were measured with 
the hexokinase method (Roche Diagnostics, Mannheim, Germany). HbA1c was measured 
by ion-exchange high performance liquid chromatography (HPLC). Furthermore, serum 
creatinine was obtained on plasma and measured by the modified Jaffe method.

Glucose metabolism
Type 2 diabetes mellitus (fasting glucose ≥ 7.0 mmol/l or 2hr post-load glucose ≥ 11.1 
mmol/l), impaired glucose tolerance (IGT, fasting glucose < 7.0 mmol/l and 2hr post-load 
glucose ≥ 7.8 mmol/l and <11.1 mmol/l) and impaired fasting glucose (IFG, fasting glucose 
6.1 to 6.9 mmol/l and 2hr post-load glucose < 7.8 mmol/l) were defined according to the 
World Health Organization (WHO) 2006 criteria, in line with current practice and earlier 
analyses of the Hoorn Study. For comparing different glucose metabolism status patients 
with an impaired glucose tolerance or an impaired fasting glucose were taken together and 
grouped in the “IGT/IFG ” group. In addition, patients with known type 2 diabetes mellitus 
at baseline and patients using antidiabetic medication or diet were also classified in the type 
2 diabetes mellitus group. 
In sensitivity analysis, we also studied whether use of the more recent diagnostic criteria of 
diabetes mellitus, using HbA1c, impacted our results. We have used the 2010 criteria of the 
American Diabetes Association (28) with HbA1c ≥ 6.5% defining type 2 diabetes mellitus 
and HbA1c 5.7 - 6.4% defining IGT/IFG (28).

Vitamin D
Serum 25(OH)D level was determined directly after blood collection, using a competitive 
binding protein assay (DiasSorin, Stillwater, MN, USA). The interassay coefficient of variation 
of this assay was 10–15%, with a slightly lower interassay coefficient of variation at higher 
25(OH)D concentrations (27).

Assessment of depressive symptoms
To examine depressive symptoms over the last seven days, the Centre for Epidemiologic 
Studies Depression Scale (CES-D) was used (29). The CES-D depression scale is a self-report, 
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20-item scale (total score can range from 0 up to 60). The Dutch version of the questionnaire 
appeared to have good psychometric properties and satisfactory criterion validity (30). To 
identify patients with a clinically relevant depression score, the generally used cut-off score of 
16 or more was applied (29). The use of antidepressants was not included in our definition 
of a clinically relevant depression as antidepressants may be indicated for other medical 
conditions, such as neuropathic pain. In our current cohort, 2.5% of the participants used 
antidepressant medication (n = 13).

Statistical analyses
Multivariable logistic regression was performed to examine the relationship between glucose 
metabolism categories (X, normal glucose metabolism used as reference category) and 
depressive symptoms (Y) (CES-D score ≥ 16 ). The model was adjusted for confounding 
variables, which were selected based on literature, including age, education level, body fat per-
centage, physical activity and time of blood/CES-D collection (as differences in light exposure 
can both impact vitamin D status and depressive symptoms). To explore the mediating effect 
of serum 25(OH)D level (M) in the relationship between glucose metabolism and depressive 
symptoms, serum 25(OH)D level was added to the model and mediation analysis using “The 
Process” macro written by Andrew F. Hayes was conducted (31). As the variables concerning 
vitamin D intake are inversely associated with vitamin D deficiency (< 50 nmol/l) and it was 
not clear from literature if these variables were confounders in our multivariable logistic 
regression models, we repeated our regression analyses with adjustment for the consumption 
of margarine and fatty fish and ingestion of vitamin D-containing supplements (27).
Because of effect modification by sex (p = 0.04 for the association between IGT/IFG and 
depression), all analyses were stratified for sex. All data were analysed using SPSS software 
(version 20.0, SPSS Inc, Chicago, IL). P-values < 0.05 were considered as statistically significant.

results

In this cross-sectional study, data from 527 people were analyzed; with 49% being female. 
Median (IQR) age was 68 (64 - 74) years, ranging from 60 to 87 years. The CES-D depression 
scores varied from 0 to 34, with a median (IQR) of 7.0 (3.0 - 11.0). Of the whole sample, 
12% (n = 65) had a clinically relevant depression score (CES-D depression score of ≥ 16). 
Median (IQR) serum 25(OH)D concentration was 53.0 (38.8 - 67.3) nmol/l.  A serum 
25(OH)D < 50 nmol/l and a CES-D depression score of ≥ 16 were significantly more 
common in females, compared to males (53% and 15% in females and 36% and 9% in 
males, respectively). Glucose metabolism status was equally distributed over sex (19% versus 
20% for type 2 diabetes mellitus and 32% versus 30% for IGT/IFG in males and females, 
respectively).
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Characteristics of the study population stratified for glucose metabolism status and sex are 
presented in Table 5.1. CES-D depression scores of ≥ 16 were more common and CES-D 
scores were higher in males and females with type 2 diabetes mellitus and in females with 
IGT/IFG compared to males and females with a normal glucose metabolism. Serum 25(OH)
D level tended to be lower in the type 2 diabetes mellitus group, however, this trend was 
statistically non-significant (p = 0.60 for males and p = 0.17 for females). 
Furthermore, 25(OH)D level did not significantly differ in males and females with CES-D 
score ≥ 16 (adjusted OR 0.99, 95% CI: 0.96 to 1.02 and OR 1.00, 95% CI: 0.98 to 1.02, 
respectively). 

Logistic regression analysis that evaluated the associations between the three different 
glucose metabolism categories (normal glucose metabolism used as reference category) 
and depressive symptoms (CES-D score ≥ 16) are shown in Table 5.2, model 1. The regres-
sion analysis was adjusted for age, total body fat percentage, physical activity, education level 
and time of blood/CES-D collection (model 2). Serum 25(OH)D level was no mediator in 
the association between glucose metabolism and depressive symptoms as shown in Table 
5.2. Correcting the models for the “vitamin D intake” variables did not substantially change 
the results (data not shown).

Sensitivity analysis, where we used more recent definitions of type 2 diabetes mellitus, 
IGT/IFG and normal glucose metabolism, increased the prevalence of type 2 diabetes mel-
litus from 19% (n = 104) to 22% (n = 117) and from 31% (n = 163) to 56% (n = 294) for 
IGT/IFG. Vitamin D deficiency (< 50 nmol/l) was present in 42% (n = 49), 43% (n = 127) 
and 49% (n = 57) in people with normal glucose metabolism, IGT/IFG, and type 2 diabetes 
mellitus respectively. In contrast to our findings when using the WHO 2006 criteria to define 
type 2 diabetes mellitus, IGT/IFG and normal glucose metabolism, no significantly increased 
odds ratios were found for depression score dichotomized in patients with IGT/IFG or type 
2 diabetes mellitus (normal glucose metabolism used as reference category) in both the 
unadjusted and adjusted logistic model (unadjusted: OR 0.83, 95% CI: 0.42 to 1.67 and OR 
2.01, 95% CI: 0.98 to 4.25, respectively). Adding serum 25(OH)D level to the model did not 
alter these results (data not shown). 
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Table 5.1. Characteristics of the study population stratified by glucose metabolism categories and sex; n = 527

 Men (n = 268) Women (n = 259)

 Normal glucose 
metabolism (n = 130)

IGT/IFG (n = 86) Type 2 DM (n = 52) Normal glucose
metabolism (n = 130)

IGT/IFG (n = 77) Type 2 DM (n = 52)

Age (years) 68 (64 - 74) 68 (64 - 73) 70 (66 - 74) 66 (63 - 70) 70 (65 - 75) 72 (66 - 77)

Has a partner 122 (94) 80 (93) 48 (94) 109 (84) 67 (87) 39 (77)

Working 127 (98) 85 (99) 50 (98) 100 (77) 46 (60) 40 (78)

Low education 55 (42) 35 (41) 18 (35) 59 (45) 42 (57) 28 (56)
(Current) smoker 24 (19) 19 (22) 4 (8) 16 (12) 12 (16) 6 (12)

Physical activity (min/week) 1245 (690 - 1920) 885 (420 - 1680) 815 (420 - 1380) 1320 (900 - 1800) 1400 (900 - 2040) 985 (260 - 1650)

Cardiovascular disease* 64 (50) 45 (53) 34 (67) 60 (46) 41 (54) 31 (62)

Insulin use - - 2 (4) - - 2 (4)

HbA1c (mmol/mol) 39 (34 - 41) 40 (38 - 43) 48 (43 - 56) 39 (37 - 42) 42 (39 - 44) 48 (42 - 55)

HbA1c (%) 5.7 (5.3 - 5.9) 5.8 (5.6 - 6.1) 6.6 (6.1 - 7.3) 5.7 (5.5 - 6.0) 6.0 (5.7 - 6.2) 6.6 (6.0 - 7.2)

Fasting glucose (mmol/l) 5.5 (5.2 - 5.7) 6.1 (5.8 - 6.4) 7.5 (7.0 – 8.4) 5.4 (5.2 - 5.6) 6.2 (5.7 - 6.4) 7.4 (6.5 - 8.0)

Total body fat percentage 25.9 ± 6.3 29.6 ± 5.8 30.5 ± 6.8 40.3 (35.0 - 45.1) 43.5 (39.2 - 46.6) 44.7 (40.0 - 47.5)

Serum creatinine (umol/l) 102 (96 - 110) 102 (92 - 113) 105 (93 - 120) 86 (80 - 90) 86 (79 - 93) 85 (80 - 93)
Use of antidepressant 1 (1) 1 (1) 1 (2) 5 (4) 3 (4) 2 (4)
CES-D score 6.0 (2.0 - 9.0) 6.0 (2.0 - 10.0) 9.0 (5.0 - 13.0) 6.0 (3.0 - 11.0) 9.0 (4.0 - 14.0) 9.5 (4.0 - 15.0)

CES-D ≥ 16 10 (8) 6 (7) 9 (17) 10 (8) 18 (23) 12 (23)

Vitamin D intake 
      Daily use of supplements 15 (12) 6 (7) 5 (10) 25 (20) 10 (14) 8 (16)
      Fatty fish (g/day) 2.14 (0.89 - 4.16) 2.86 (0.72 - 6.13) 2.99 (0.67 - 4.50) 1.92 (0.65 - 5.44) 1.43 (0.48 - 3.06) 1.49 (0.00 - 4.67)
      Margarine products (g/day) 17.97 (7.29 - 26.68) 12.44 (5.28 - 21.97) 18.72 (9.43 - 27.28) 8.97 (4.01 - 18.27) 10.92 (4.55 - 15.68) 14.12 (9.15 - 19.50)
Serum 25(OH)D (nmol/l) 57.5 ± 20.1 56.5 ± 17.2 54.4 ± 16.3 51.6 (38.0 - 66.8) 46.8 (38.4 - 63.4) 42.7 (34.3 - 62.0)

Time of blood/CES-D collection

      October  -  March 67 (52) 25 (29) 12 (23) 67 (52) 45 (52) 31 (61)
   April -  September 63 (49) 61 (71) 40 (77) 63 (49) 36 (42) 20 (39)

Continuous data are presented in mean ± SD or median (IQR) depending on distribution. Categorical data 
are described in numbers (%).

*Physician diagnosed
25(OH)D: 25-hydroxyvitamin D; CES-D: Centre for Epidemiologic Studies Depression scale; IFG: impaired fasting 
glucose; IGT: impaired glucose tolerance; Type 2 DM: Type 2 diabetes mellitus
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Table 5.1. Characteristics of the study population stratified by glucose metabolism categories and sex; n = 527

 Men (n = 268) Women (n = 259)

 Normal glucose 
metabolism (n = 130)

IGT/IFG (n = 86) Type 2 DM (n = 52) Normal glucose
metabolism (n = 130)

IGT/IFG (n = 77) Type 2 DM (n = 52)

Age (years) 68 (64 - 74) 68 (64 - 73) 70 (66 - 74) 66 (63 - 70) 70 (65 - 75) 72 (66 - 77)

Has a partner 122 (94) 80 (93) 48 (94) 109 (84) 67 (87) 39 (77)

Working 127 (98) 85 (99) 50 (98) 100 (77) 46 (60) 40 (78)

Low education 55 (42) 35 (41) 18 (35) 59 (45) 42 (57) 28 (56)
(Current) smoker 24 (19) 19 (22) 4 (8) 16 (12) 12 (16) 6 (12)

Physical activity (min/week) 1245 (690 - 1920) 885 (420 - 1680) 815 (420 - 1380) 1320 (900 - 1800) 1400 (900 - 2040) 985 (260 - 1650)

Cardiovascular disease* 64 (50) 45 (53) 34 (67) 60 (46) 41 (54) 31 (62)

Insulin use - - 2 (4) - - 2 (4)

HbA1c (mmol/mol) 39 (34 - 41) 40 (38 - 43) 48 (43 - 56) 39 (37 - 42) 42 (39 - 44) 48 (42 - 55)

HbA1c (%) 5.7 (5.3 - 5.9) 5.8 (5.6 - 6.1) 6.6 (6.1 - 7.3) 5.7 (5.5 - 6.0) 6.0 (5.7 - 6.2) 6.6 (6.0 - 7.2)

Fasting glucose (mmol/l) 5.5 (5.2 - 5.7) 6.1 (5.8 - 6.4) 7.5 (7.0 – 8.4) 5.4 (5.2 - 5.6) 6.2 (5.7 - 6.4) 7.4 (6.5 - 8.0)

Total body fat percentage 25.9 ± 6.3 29.6 ± 5.8 30.5 ± 6.8 40.3 (35.0 - 45.1) 43.5 (39.2 - 46.6) 44.7 (40.0 - 47.5)

Serum creatinine (umol/l) 102 (96 - 110) 102 (92 - 113) 105 (93 - 120) 86 (80 - 90) 86 (79 - 93) 85 (80 - 93)
Use of antidepressant 1 (1) 1 (1) 1 (2) 5 (4) 3 (4) 2 (4)
CES-D score 6.0 (2.0 - 9.0) 6.0 (2.0 - 10.0) 9.0 (5.0 - 13.0) 6.0 (3.0 - 11.0) 9.0 (4.0 - 14.0) 9.5 (4.0 - 15.0)

CES-D ≥ 16 10 (8) 6 (7) 9 (17) 10 (8) 18 (23) 12 (23)

Vitamin D intake 
      Daily use of supplements 15 (12) 6 (7) 5 (10) 25 (20) 10 (14) 8 (16)
      Fatty fish (g/day) 2.14 (0.89 - 4.16) 2.86 (0.72 - 6.13) 2.99 (0.67 - 4.50) 1.92 (0.65 - 5.44) 1.43 (0.48 - 3.06) 1.49 (0.00 - 4.67)
      Margarine products (g/day) 17.97 (7.29 - 26.68) 12.44 (5.28 - 21.97) 18.72 (9.43 - 27.28) 8.97 (4.01 - 18.27) 10.92 (4.55 - 15.68) 14.12 (9.15 - 19.50)
Serum 25(OH)D (nmol/l) 57.5 ± 20.1 56.5 ± 17.2 54.4 ± 16.3 51.6 (38.0 - 66.8) 46.8 (38.4 - 63.4) 42.7 (34.3 - 62.0)

Time of blood/CES-D collection

      October  -  March 67 (52) 25 (29) 12 (23) 67 (52) 45 (52) 31 (61)
   April -  September 63 (49) 61 (71) 40 (77) 63 (49) 36 (42) 20 (39)

Continuous data are presented in mean ± SD or median (IQR) depending on distribution. Categorical data 
are described in numbers (%).

*Physician diagnosed
25(OH)D: 25-hydroxyvitamin D; CES-D: Centre for Epidemiologic Studies Depression scale; IFG: impaired fasting 
glucose; IGT: impaired glucose tolerance; Type 2 DM: Type 2 diabetes mellitus
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Table 5.2. Results of logistic regression and mediation analyses for the associations between glucose metabo-
lism and clinically relevant depressive symptoms (CES-D score ≥ 16), n = 527. Normal glucose metabolism 
(n = 260) is used as a reference category.

 CES-D ≥ 16 CES-D ≥ 16 Unstandardized indirect 
effect through 25(OH)D*

Model 1 Model 2 Model 3

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value effect 95% CI

All patients   

     Normal glucose metabolism (n = 260) 1  1  1 - -
     IGT/IFG (n = 163) 2.07 1.10 - 3.89 0.02 1.47 0.74 - 2.91 0.27 1.46 0.74 - 2.90 0.28 0.002 -0.030 - 0.074
     Type 2 diabetes mellitus (n = 104) 3.04 1.57 - 5.88 <0.01 1.98 0.95 - 4.12 0.07 1.96 0.94 - 4.10 0.07 0.004 -0.025 - 0.094
Men   

     Normal glucose metabolism (n = 130) 1  1  1 - -
     IGT/IFG (n = 86) 0.90 0.32 - 2.57 0.84 0.67 0.22 - 2.09 0.49 0.67 0.22 - 2.09 0.49 0.004 -0.031 - 0.135
     Type 2 diabetes mellitus (n = 52) 2.51 0.96 - 6.60 0.06 1.30 0.41 - 4.08 0.66 1.28 0.41 - 4.05 0.67 0.010 -0.061 - 0.251
Women   

     Normal glucose metabolism (n = 130) 1  1  1 - -
     IGT/IFG (n = 77) 3.66 1.59 - 8.43 <0.01 2.48 1.01 - 6.09 0.048 2.46 1.00 - 6.06 0.049 0.001 -0.063 - 0.079
     Type 2 diabetes mellitus (n = 52) 3.60 1.45 - 8.96 <0.01 2.73 1.02 - 7.32 0.046 2.72 1.01 - 7.31 0.047 0.001 -0.055 - 0.105
Model 1: uncorrected
Model 2: corrected for age, total body fat percentage, physical activity, education level and time of blood/CES-D 
collection (October through March versus April through September). The model was also corrected for sex if 
not stratified for sex.
Model 3: corrected for age, total body fat percentage, physical activity, education level, time of blood/CES-D 
collection (October through March versus April through September) and serum 25-hydroxyvitamin D. The model 
was also corrected for sex if not stratified for sex.

*Mediation analysis adjusted for age, total body fat percentage, physical activity, education level and time of blood 
collection (October through March versus April through September) using “The Process” macro written by 
Andrew F. Hayes; unstandardized indirect effect of glucose metabolism on depressive symptoms through serum 
25(OH)D. The model was also corrected for sex if not stratified for sex.
CES-D: Centre for Epidemiologic Studies Depression scale; IFG: impaired fasting glucose; IGT: impaired glucose 
tolerance
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discussion

In this population-based cohort, having IGT/IFG or type 2 diabetes mellitus was associated 
with an increased risk for depressive symptoms (unadjusted: OR 2.07, 95% CI: 1.10 to 3.89 
and OR 3.04, 95% CI: 1.57 to 5.88, respectively), compared to normal glucose metabolism. 
Females with type 2 diabetes mellitus or IGT/IFG were almost four times more likely to 
suffer from depressive symptoms compared to females with normal glucose metabolism. 
In males with type 2 diabetes mellitus, we observed a two and a half times higher risk for 
depressive symptoms, but this was not statistically significant. Contrary to our hypothesis, 
the increased risk of depressive symptoms in patients with type 2 diabetes mellitus could 
not be explained by low vitamin D status. 
Vitamin D status appeared not to be associated with depressive symptoms. One explanation 
could be the use of a self-reported symptom scale in the present study, rather than a struc-
tured diagnostic psychiatric interview. This is reflected in the meta-analysis of Ju et al. (12), 
who reported a stronger association between low vitamin D status and depressive symptoms 
in cross-sectional studies that had used a diagnostic psychiatric interview, compared to a 
self-reported symptom scale (12). 
A second reason for the finding that low vitamin D status was not associated with depressive 
symptoms in our study could be geographical-, lifestyle- and cultural factors. For example, Ju 
et al. (12) found that the association between low vitamin D status and depressive symptoms 
was more pronounced in people from the VS compared to people with a European origin 
(12). Latitude, could however not explain this finding as the association between low vitamin 
D status and depression was especially present in residents of a high latitude (37° or higher) 
but not in residents of a low latitude (< 37°) (12). Furthermore, it is conceivable that per-
sons with a more severe form of depression refused to participate in the study, leading to a 
lower number of persons with major depression. However, results of earlier studies in this 
area are conflicting, with some studies suggesting that depression is a predictor of a refusal 
to participate in scientific research (32,33), whereas other studies found no association (34).
Next, in males, there was an unequal distribution of people with normal glucose metabolism, 
IGT/IFG and type 2 diabetes mellitus and time of blood collection. This resulted in relatively 
few males with type 2 diabetes mellitus with a 25(OH)D measurement in the Winter, possibly 
leading to relatively high 25(OH)D values in the type 2 diabetes mellitus group. However 
adjusting the regression analyses for time of blood collection in several ways (exact date, 
month, and season) did not alter the results. 
Last, in our study sample median (IQR) serum 25(OH)D concentration was 53.0 (38.8 - 
67.3) nmol/l. Possibly, our hypothesis is valid in a sample including patients with severe vitamin 
D deficiency, like some migrant minority groups.
Major strengths of our study were the use of both fasting glucose and post-load glucose 
levels after an OGTT to determine glucose metabolism status according to the WHO criteria 
2006, which are used in current medical practice.
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Pilz et al. (35) investigated vitamin D status and incident diabetes mellitus and found a signifi-
cant negative association between 25(OH)D level and follow-up HbA1c after adjustment for 
age, sex and baseline values, which was weakened after correction for BMI (35). Therefore 
we performed a sensitivity analysis using HbA1c for the classification of glucose metabolism. 
This mostly increased the proportion of patients with IGT/IFG, and the increased odds 
ratio’s for depressive symptoms in patients with type 2 diabetes mellitus or IGT/IFG com-
pared to people with normal glucose metabolism were no longer seen. Probably HbA1c is a 
good marker to determine glycemic control in patients with diabetes mellitus rather than a 
diagnostic marker. This is also found in a study from ‘t Riet et al. (36) who reported stronger 
correlations between glucose (fasting and after OGTT) and HbA1c in patients with diabetes 
mellitus compared to the general population (36).

This is the first study examining the association between serum 25(OH)D level and depres-
sive symptoms in type 2 diabetes mellitus. A higher prevalence of depressive symptoms 
was observed in patients with type 2 diabetes mellitus and we also found a trend of lower 
serum 25(OH)D values in both males and females with type 2 diabetes mellitus compared 
to people with normal glucose metabolism. However, we also found that vitamin D status did 
not explain why depressive symptoms are more common in patients with type 2 diabetes 
mellitus. Low vitamin D level is probably a “concomitant condition” in patients with type 2 
diabetes mellitus by having the same risk factors as type 2 diabetes mellitus, including less 
physical activity (leading to less sun exposure) and obesity (10).
Longitudinal observational studies including cases with a high risk profile for vitamin D 
deficiency in which depressive symptoms are measured using a diagnostic interview are 
necessary, before  excluding vitamin D deficiency as a contributing factor for depressive 
symptoms in patients with type 2 diabetes mellitus.
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abstract

Background
Vitamin D deficiency and type 2 diabetes mellitus are both associated with preva-
lent and incident depression. People with type 2 diabetes mellitus have lower serum 
25-hydroxyvitamin D (25(OH)D) levels and low serum 25(OH)D levels are associated 
with poor glycaemic control and type 2 diabetes mellitus in longitudinal studies. The 
aim of our study is to investigate the association between baseline serum 25(OH)D 
levels and the course of depression in the general population, and whether any such 
association was stronger in people with type 2 diabetes mellitus as compared with 
people with a normal glucose metabolism (interaction).

Methods
Data of 1559 participants from the Dutch population-based cohort study: The New 
Hoorn study were analysed. Participants were followed up for 7 years and were 
categorized according to the course of depression over these 7 years: no depression 
(n = 1287), one time/remitted depression (n = 97), incident depression (n = 100) 
and chronic/recurrent depression (n = 75) based on their self-reported history of 
depression and the Centre for Epidemiologic Studies (CES-D) score. A fifth group, any 
depression included all people with depression, whether on baseline and/or follow-up. 
Multinomial logistic regression analysis was used to investigate associations between 
baseline serum 25(OH)D level in nmol/l and the course of depression. Interaction 
between serum 25(OH)D levels and type 2 diabetes mellitus, with regard to depres-
sion was tested for on an additive and multiplicative scale. 

Results
Low serum 25(OH)D level was statistically non-significant associated with depression, 
with the strongest trend in people with chronic/recurrent depression (adjusted anal-
ysis per 20 nmol/l decrease in serum 25(OH)D level: OR 1.31, 95%CI: 0.998 to 1.73). 
Trends for a stronger association between low serum 25(OH)D and the course of 
depression in people with type 2 diabetes mellitus compared to those with a normal 
glucose metabolism were found; statistically significant interaction was however only 
achieved for any depression. Found associations and interactions were largely attenu-
ated after correction for BMI and physical activity. 

Conclusions
Low baseline serum 25(OH)D levels seems to be associated with depression, and 
especially with chronic/recurrent depression. In addition, there is evidence for a syn-
ergistic interaction between low serum 25(OH)D levels and type 2 diabetes mellitus, 
with regard to depression. An explanatory role for BMI and physical inactivity in these 
associations is suggested. Replication studies in larger samples are needed. 
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introduction

In 2015, 1 in 11 adults had diabetes mellitus and by 2040, this will be 1 in 10 adults (1). The 
majority of the people with diabetes have type 2 diabetes mellitus (1). Type 2 diabetes melli-
tus is associated with doubled risk for depression and a 24% higher risk of incident depression 
(2-4). Furthermore, in primary care patients with type 2 diabetes mellitus and a high baseline 
depression score, depression appeared to be recurrent or chronic in 66% of the cases (5). 
In addition to the increased risk for depression, people with type 2 diabetes mellitus have 
lower 25-hydroxyvitamin D (25[OH]D) levels compared with healthy controls (6). A three-
way association (Figure 6.1) is probably at play as low serum 25(OH)D levels are also 
associated with incident depression in the general population (7,8). We hypothesise a syn-
ergistic interaction between type 2 diabetes mellitus and low serum 25(OH)D levels, with 
regard to depression (Figure 6.1). Recently, a cross-sectional study in 2786 Chinese adults 
with type 2 diabetes mellitus found an inverse association between serum 25(OH)D levels 
and depressive symptoms (9). However, the hypothesis that low vitamin D status may con-
tribute to the development of depression in people with type 2 diabetes mellitus has not 
been tested yet, using longitudinal data.
Vitamin D deficiency may be associated with the onset/persistence of depressive symptoms 
in people with type 2 diabetes mellitus via low-grade systemic inflammation, which is a factor 
in the pathophysiology of both depression and type 2 diabetes mellitus (10-12). There is 
evidence from experimental studies for the modulation of the inflammatory response of 
macrophages and monocytes by vitamin D, but inflammation per se may also decrease 
serum 25(OH)D levels (13,14). In addition, low serum 25(OH)D levels were associated 
with vascular endothelial dysfunction, and vitamin D has antioxidant properties (13,15,16). 
Furthermore, vitamin D deficiency may play a role in the development of diabetic peripheral 
neuropathy, which is a risk factor for depression (17). 
The aim of our study was 1) to examine the associations between baseline serum 25(OH)
D level, and the course of depression, and 2) whether any such associations were stronger 
in people with type 2 diabetes mellitus, as compared to people with a normal glucose 
metabolism (interaction). 

Figure 6.1. Representation of the hypothesis that type 2 diabetes mellitus interacts with low serum 
25-hydroxyvitamin D levels, with regard to depression.
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methods

Study design and participants
In the present study, data from the population-based cohort study: “The New Hoorn study” 
were analysed (18). The New Hoorn study started in 2006 in continuation of “The Hoorn 
Study”, with the objective to investigate the prevalence of prediabetes and type 2 diabetes 
mellitus, and associated risk factors in the Dutch population. From July 2006 until November 
2007, a random sample of 6180 people aged 40-65 years was originated from the municipal 
registry of the Dutch town of Hoorn, latitude N 52°. From the 6180 people invited, 2807 
people participated in the New Hoorn study. From the 2807 participants at baseline, first 
88 people were excluded because of missing depression scores, thereafter 55 and 158 
people were excluded because of missing glucose metabolism and serum 25(OH)D level, 
respectively, leaving 2509 people on baseline. From December 2010 until July 2015, 2437 of 
the initial 2807 participants (370 participants died or moved) were invited for a follow-up 
medical examination. Finally, 1734 (71%) participants joined this follow-up examination. Of 
the 1734 people who responded on follow-up, 1603 people had available values for baseline 
depression score, glucose metabolism and serum 25(OH)D levels. After further exclusion 
of people with missing follow-up depression score (n = 44), 1559 participants remained for 
the present analysis.
The mains reasons for not participating in the follow-up medical examination included no 
time and moving out of the region. The study was approved by the Medical Ethics Com-
mittee of the VU University Medical Center Amsterdam and all participants gave written 
informed consent.

Study parameters and measurements
Before the examinations, participants were asked to complete questionnaires concerning 
demographics, lifestyle, depressive symptoms, and medical history. Participants were also 
asked not to eat or drink (except for water) from 10:00 P.M. the night before the visit. During 
the visit physical characteristics were measured including weight and height, and blood was 
drawn.

Vitamin D, serum 25(OH)D levels
Frozen blood samples were thawed at room temperature, and serum 25(OH)D levels in 
nmol/l were measured with a reference and CDC-certified liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) method at the University College Cork, Ireland (19,20). 
Vitamin D status was analysed in two ways: per 1 nmol/l decrease in serum 25(OH)D level 
(presented in tables), and for clinical relevance, also per 20 nmol/l decrease in serum 25(OH)
D level (mentioned in text).
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Assessment of depressive symptoms
Depressive symptoms during the past seven days were measured using the Centre for 
Epidemiologic Studies Depression Scale (CES-D), at baseline and follow-up. The CES-D 
questionnaire is a validated, widely used, 20-item self-report scale, the total score ranges 
from 0-60. A score of 16 or higher is generally used to identify a clinically relevant level of 
depressive symptoms and we will use this as a definition for depression (21). 
For the purpose of our study, participants were categorised in four groups, according to the 
course of the depressive symptoms, using the CES-D score at baseline and follow-up and 
self-reported history of depression. History of depression was extracted from the self-re-
ported, general medical history (“where you ever under treatment by a general practitioner 
or a medical specialist? If so what was the reason?”). The first group was named “no depres-
sion”, defined as a CES-D score < 16 at baseline and follow-up; the second group was “one 
time/remitted depression”, defined as no history of depression, a CES-D ≥ 16 at baseline 
and a CES-D score < 16 at follow-up, “incident depression”, the third group, was defined 
as no self-reported history of depression, a CES-D score < 16 at baseline and CES-D ≥ 
16 at follow-up, the last group, the “recurrent/chronic depression” group, was defined as a 
self-reported history of depression and a CES-D score ≥ 16 at baseline and/or CES-D ≥ 
16 at follow-up.

Type 2 diabetes mellitus
Fasting whole blood glucose concentration was measured using a HemoCue β-glucose 
analyser. If fasting glucose was < 10 mmol/l, a 75-g oral glucose tolerance test (OGTT) was 
performed. Glucose level from venous blood plasma, taken before and 120 min after glucose 
ingestion, was determined using the glucose oxidase method (Gluco-quant/hexokinase/G6P-
DH; Boehringer-Mannheim, Mannheim, Germany), and HbA1c  was measured using Diabetes 
Control and Complications Trial standardized reverse-phase cation exchange chromatogra-
phy (HA 8160 analyzer ; Menarini, Florence, Italy). 
According to the World Health Organization 2006 criteria, type 2 diabetes mellitus was 
defined as having a fasting glucose ≥ 7.0 mmol/l or a 2hr post-load glucose ≥ 11.1 mmol/l and 
impaired glucose metabolism was defined based on fasting glucose levels between 6.1 and 
6.9 and/or 2hr post-load glucose ≥ 7.8 mmol/l and < 11.1 mmol/l. People with self-reported 
type 2 diabetes mellitus and/or use of diabetes-specific medication were also categorised 
in the type 2 diabetes mellitus group. If no type 2 diabetes mellitus or impaired glucose 
metabolism was present, people were categorised in the normal glucose metabolism group.
In addition, sensitivity analysis using a combination of the WHO 2006 criteria and the Amer-
ican Diabetes Association (22) with HbA1c ≥ 6.5% to define type 2 diabetes mellitus and 
HbA1c ≥ 5.7 - 6.4% to define impaired glucose metabolism, was performed to explore 
whether the use of the more recent diagnostic criteria of diabetes mellitus, impacted our 
results (22). 
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Co-variates
The following parameters were collected by self-report questionnaire: age, sex, partner 
status (single versus having a partner), low education level (i.e. no education or primary 
school only), paid employment status (yes, no ([including retirement]). Self-reported physical 
activity, presented in active days/week, was assessed with the validated questionnaire: The 
Short Questionnaire to Assess Health-Enhancing (SQUASH). Finally, weight and height were 
measured with participants wearing light clothes only. BMI was calculated as weight /height 
squared (kg/m2). 

Statistical analyses
Demographic and clinical characteristics stratified for the course of depression are presented 
as numbers (%) for categorical variables, and as mean ± SD or median (IQR) for continuous 
variables depending on normality (Table 6.1).
First, the association between serum 25(OH)D levels and the course of depression (one 
time/remitted depression, incident depression, and chronic/recurrent depression) was inves-
tigated using multinomial logistic regression analysis (Table 6.2). The reference group was no 
depression at any time point. 
Second, interaction between serum 25(OH)D levels and type 2 diabetes mellitus, with regard 
to the course of depression (Figure 6.1) was explored and presented according to Knol 
et al. (23): a) association between serum 25(OH)D level and depression (also Table 6.2), 
b) association between type 2 diabetes mellitus and depression (Table 6.3a), c) association 
between serum 25(OH)D level and depression in strata of glucose metabolism (Table 6.3b), 
and d) interaction between serum 25(OH)D levels and type 2 diabetes mellitus, with regard 
to depression, on an additive and a multiplicative scale (Table 6.3c) (23).
As there was a small number of people with type 2 diabetes mellitus and depression (one 
time/remitted depression, incident depression, and chronic/recurrent depression), a fifth 
depression group was created called “any depression”, that includes all patients with a depres-
sion, whether depression on baseline and/or follow-up. For this group, interaction analysis was 
performed separately (with no depression at any time point as the reference group) using 
Poisson regression analysis with robust estimation to calculate (adjusted) relative risks (binair 
logistic regression analyses could not performed, because the outcome was not rare) (24).
To evaluate the presence of interaction on an additive scale, the Relative Excess Risk due 
to Interaction (RERI) was calculated using the excel sheet and script provided by Knol et 
al. (25) A RERI > 0 indicate a synergistic interaction (meaning that the joint effect of two 
exposures is larger than the sum of the individual exposures). Statically significance of the 
RERI was evaluated via 90% confidence intervals, which were calculated using bootstrapping 
with 1000 samples (25). Interaction on a multiplicative scale was calculated by adding product 
terms between type 2 diabetes mellitus and serum 25(OH)D level to the regression models.
All models were corrected for potential confounding by age and sex (basic analysis), and BMI 
and physical activity, and all associations including vitamin D were also adjusted for time of 
blood collection (Autumn – Winter versus Spring – Summer), based on current literature. 
Data were analysed using SPSS software (version 20.0, SPSS Inc, Chicago, IL). In addition, 
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“R”, version 3.3.2, was used to calculate the RERI and associated 90%CI. A p-value of < 0.05 
was maintained to determine statically significance. For interaction a higher p-value of < 0.1 
was used.

results

From the 1559 people included in our current study, 52% (n = 806) were female. At baseline 
the mean age was 53 ± 6 years, ranging from 40 - 66 years, and the mean serum 25(OH)D 
concentration was 61.4 ± 21.4 nmol/l. At baseline, 1265 (81%) people had normal glucose 
metabolism, 225 (14%) had impaired glucose metabolism, and 69 (4%) people had type 2 
diabetes mellitus at baseline. Median follow-up was 7 (6 - 7) years, ranging from 3 to 10 years. 
When comparing baseline characteristics of our study sample to those lost to follow-up 
(n = 1248), we observed that the lost to follow-up group were more often female (52% 
versus 56%), more often single (15% versus 21%), more often low educated (4% versus 6%), 
and had a higher prevalence of type 2 diabetes mellitus and impaired glucose metabolism 
(4% versus 10% and 14% versus 18%). Furthermore, people lost during follow-up had on 
average a higher BMI (26.0 ± 3.8 versus 26.5 ± 4.2), and lower serum 25(OH)D levels (61.4 
± 21.4 versus 56.8 ± 22.0 nmol/l). CES-D score (13 [12 - 16] versus 13 [12 - 17]) and the 
percentage of people with a CES-D score ≥ 16 (22% versus 24%) did not differ between 
those who participated in the study and those lost from follow-up.

Baseline characteristics stratified by the course of depression are presented in Table 6.1.
People with depression, irrespective of the course of the depression, were more often 
female, frequently single and had a low educational level. In addition, serum 25(OH)D level 
tended to be lower in participants with depression, especially in those with chronic/recurrent 
depression. 

Vitamin D status and the course of depression (Table 6.2)
Low serum 25(OH)D levels were by trend associated with the course of depression. Con-
cerning incident depression, a trend for a 19% increased risk per 20 nmol/l decrease in 
serum 25(OH)D level was found (OR 1.19, 95%CI: 0.94 to 1.49, adjusted for time of blood 
collection, age, sex, BMI and physical activity). The strongest trend, which was borderline sig-
nificant, was found in people with chronic/recurrent depression (per 20 nmol/l decrease in 
25(OH)D level: OR 1.31, 95%CI: 0.998 to 1.73, after adjustment for time of blood collection, 
age, sex, BMI level and physical activity). 
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Table 6.1. Baseline characteristics according to the course of depressive symptoms†, n = 1559.

 
Missing No 

depression
One time/Remitted 

depression
Incident 

depression
Recurrent/Chronic 

depression
Any 

depression

n = 1287 n = 97 n = 100 n = 75 n = 272

Age (years) 0 54 ± 6 53 ± 6 52 ± 7 52 ± 6 52 ± 6

Male (n,%) 0 655 (51) 38 (39) 32 (32) 28 (37) 98 (36)
Has a partner (n,%) 5 1119 (87) 72 (74) 81 (82) 46 (62) 199 (74)

Working (n,%) 7 913 (71) 61 (64) 77 (79) 45 (60) 183 (68)

Low education¶ (n,%) 30 40 (3) 6 (6) 4 (4) 8 (11) 18 (7)

Physical activity (active days/week) 80 5 (3 - 7) 5 (3 - 7) 5 (3 - 7) 5 (2 - 7) 5 (3 - 7)

Glucose metabolism status$ 0

     Normale glucose metabolism (n,%) 1044 (81) 77 (79) 82 (82) 62 (83) 221 (81)

     IGM (n,%) 193 (15) 13 (13) 11 (11) 8 (11) 32 (12)

     Type 2 diabetes mellitus (n,%) 50 (4) 7 (7) 7 (7) 5 (7) 19 (7)

BMI (kg/m2) 184 25.9 ± 3.7 27.6 ± 4.7 25.9 ± 3.5 25.9 ± 4.3 26.5 ± 4.2

Serum 25(OH)D (nmol/l) 0 62.0 ± 21.3 59.2 ± 22.5 58.7 ± 21.0 56.0 ± 20.0 58.1 ± 21.3
HbA1c (%) 183 5.4 ± 0.4 5.4 ± 0.4 5.4 ± 0.6 5.4 ± 0.4 5.4 ± 0.6
HbA1c (mmol/mol) 183 35.6 ± 4.4 36.2 ± 6.9 36.0 ± 6.4 35.6 ± 4.8 36.0 ± 6.2
Fasting glucose (mmol/l) 1 5.5 ± 0.8 5.6 ± 1.1 5.5 ± 0.8 5.6 ± 1.1 5.5 ± 1.0
Self-reported (lifetime of) depression 0 10 (1) 0 (0) 0 (0) 15 (28) 15 (8)
Total score CES-D baseline  (0 - 60) 0 4 (1 - 7) 19 (17 - 24) 9 (6 - 12) 20 (18 - 29) 17 (11 - 21)

Time of blood/CES-D collection (n,%) 0

   Autumn - Winter 773 (60) 59 (61) 62 (62) 40 (53) 161 (60)
   Spring - Summer 514 (40) 38 (39) 38 (38) 35 (47) 111 (41)

Follow-up duration (years) 14 7 (6 - 7) 7 (6 - 7) 7 (6 - 7) 7 (6 - 7) 7 (6 - 7)
Continuous data are presented in mean ± SD or median (IQR) depending on distribution.
¶Completed no education, or primary school only.
$Self-reported diabetes and/or according to the WHO 2006 criteria using fasting glucose and an oral glucose 
tolerance test.

†No depression defined as a CES-D score < 16 at baseline and follow-up,  one time/remitted depres-
sion defined as no self-reported history of depression, CES-D score ≥ 16 at baseline and CES-D < 16 at 
follow-up,  “incident” depression defined as no self-reported history of depression, CES-D score < 16 at 
baseline and CES-D ≥ 16 at follow-up, and “recurrent/chronic” depression defined as self-reported history of 
depression and CES-D score ≥ 16 at baseline and/or CES-D ≥ 16 at follow-up, “any” depression defined as a 
CES-D ≥ 16 at baseline and/or at follow-up.
25(OH)D: 25-hydroxyvitamin D; CES-D: Centre for Epidemiologic Studies Depression scale; IGM: impaired 
glucose metabolism
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Table 6.1. Baseline characteristics according to the course of depressive symptoms†, n = 1559.

 
Missing No 

depression
One time/Remitted 

depression
Incident 

depression
Recurrent/Chronic 

depression
Any 

depression

n = 1287 n = 97 n = 100 n = 75 n = 272

Age (years) 0 54 ± 6 53 ± 6 52 ± 7 52 ± 6 52 ± 6

Male (n,%) 0 655 (51) 38 (39) 32 (32) 28 (37) 98 (36)
Has a partner (n,%) 5 1119 (87) 72 (74) 81 (82) 46 (62) 199 (74)

Working (n,%) 7 913 (71) 61 (64) 77 (79) 45 (60) 183 (68)

Low education¶ (n,%) 30 40 (3) 6 (6) 4 (4) 8 (11) 18 (7)

Physical activity (active days/week) 80 5 (3 - 7) 5 (3 - 7) 5 (3 - 7) 5 (2 - 7) 5 (3 - 7)

Glucose metabolism status$ 0

     Normale glucose metabolism (n,%) 1044 (81) 77 (79) 82 (82) 62 (83) 221 (81)

     IGM (n,%) 193 (15) 13 (13) 11 (11) 8 (11) 32 (12)

     Type 2 diabetes mellitus (n,%) 50 (4) 7 (7) 7 (7) 5 (7) 19 (7)

BMI (kg/m2) 184 25.9 ± 3.7 27.6 ± 4.7 25.9 ± 3.5 25.9 ± 4.3 26.5 ± 4.2

Serum 25(OH)D (nmol/l) 0 62.0 ± 21.3 59.2 ± 22.5 58.7 ± 21.0 56.0 ± 20.0 58.1 ± 21.3
HbA1c (%) 183 5.4 ± 0.4 5.4 ± 0.4 5.4 ± 0.6 5.4 ± 0.4 5.4 ± 0.6
HbA1c (mmol/mol) 183 35.6 ± 4.4 36.2 ± 6.9 36.0 ± 6.4 35.6 ± 4.8 36.0 ± 6.2
Fasting glucose (mmol/l) 1 5.5 ± 0.8 5.6 ± 1.1 5.5 ± 0.8 5.6 ± 1.1 5.5 ± 1.0
Self-reported (lifetime of) depression 0 10 (1) 0 (0) 0 (0) 15 (28) 15 (8)
Total score CES-D baseline  (0 - 60) 0 4 (1 - 7) 19 (17 - 24) 9 (6 - 12) 20 (18 - 29) 17 (11 - 21)

Time of blood/CES-D collection (n,%) 0

   Autumn - Winter 773 (60) 59 (61) 62 (62) 40 (53) 161 (60)
   Spring - Summer 514 (40) 38 (39) 38 (38) 35 (47) 111 (41)

Follow-up duration (years) 14 7 (6 - 7) 7 (6 - 7) 7 (6 - 7) 7 (6 - 7) 7 (6 - 7)
Continuous data are presented in mean ± SD or median (IQR) depending on distribution.
¶Completed no education, or primary school only.
$Self-reported diabetes and/or according to the WHO 2006 criteria using fasting glucose and an oral glucose 
tolerance test.

†No depression defined as a CES-D score < 16 at baseline and follow-up,  one time/remitted depres-
sion defined as no self-reported history of depression, CES-D score ≥ 16 at baseline and CES-D < 16 at 
follow-up,  “incident” depression defined as no self-reported history of depression, CES-D score < 16 at 
baseline and CES-D ≥ 16 at follow-up, and “recurrent/chronic” depression defined as self-reported history of 
depression and CES-D score ≥ 16 at baseline and/or CES-D ≥ 16 at follow-up, “any” depression defined as a 
CES-D ≥ 16 at baseline and/or at follow-up.
25(OH)D: 25-hydroxyvitamin D; CES-D: Centre for Epidemiologic Studies Depression scale; IGM: impaired 
glucose metabolism
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Interaction analysis (Table 6.2, 6.3a, 6.3b, and 6.3c)
People with type 2 diabetes mellitus seems to have a 1.5-2.5 times increased risk for depres-
sion (Table 6.3a). Stratified analysis for glucose metabolism showed a stronger trend between 
low serum 25(OH)D levels and depression in people with type 2 diabetes mellitus than in 
those with a normal glucose metabolism (Table 6.3b).
Concerning any depression, in both type 2 diabetes mellitus and normal glucose metab-
olism a statistically significant association between low serum 25(OH)D level and risk for 
any depression was found (Table 6.2), which appeared to be stronger in those with type 2 
diabetes mellitus than in those with normal glucose metabolism: per 20 nmol/l decrease in 
serum 25(OH)D level: OR 1.65, 95%CI: 1.23 to 2.22 in people with type 2 diabetes mellitus 
versus OR 1.17, 95%CI: 1.04 to 1.32 in people with normal glucose metabolism (adjusted 
for time of blood collection, age and sex). After correction for BMI and physical activity, the 
association between serum 25(OH)D level and any depression was no longer statistically 
significant, and the depression risk per 20 nmol/l in serum 25(OH)D decrease, more than 
halved in those with type 2 diabetes mellitus, but not in those with normal glucose metab-
olism (23% versus 19% risk per 20 nmol/l decrease in serum 25(OH)D level, respectively). 
Positive additive interaction between low serum 25(OH)D levels and type 2 diabetes mellitus 
for any depression was observed as RERI was statistically significant > 0; RERI: 1.97, 90%CI: 
0.27 to 7.12 per 20 nmol/l decrease in serum 25(OH)D (basic analysis), meaning that the 
relative risk of having depression in people with type 2 diabetes mellitus is 1.97 more with 
each 20 nmol/l decrease in serum 25(OH)D level, than if there was no interaction between 

Table 6.2. Results of regression analysis for the association between serum 25(OH)D (per 1 nmol/l decrease) 
and the course of depression in the general population, n = 1559. 

No depression versus 
“one time/remitted” (n = 97)

No depression versus
“incident” (n = 100)

No depression versus
“chronic/recurrent” (n = 75)

No depression versus
“any” (n = 272)

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value RR 95% CI p-value

Serum 25(OH)D 1.006 0.997 - 1.016 0.204 1.007 0.998 - 1.017 0.134 1.014 1.002 - 1.026 0.018* 1.007 1.002 - 1.013 0.007*
Serum 25(OH)D¶ 1.007 0.997 - 1.018 0.156 1.008 0.998 - 1.019 0.110 1.017 1.005 - 1.030 0.005* 1.008 1.003 - 1.014 0.003*
Serum 25(OH)D# 1.007 0.994 - 1.019 0.299 1.009 0.997 - 1.020 0.149 1.014 1.000 - 1.028 0.052 1.008 1.001 - 1.014 0.020*
Reference group is no depression at any time point, n = 1287.
Any depression group includes all patients with a depression, whether depression on baseline and/or follow-up: 
Poisson regression analyses was used to calculate (adjusted) relative risks.
¶ Corrected for time of blood collection (Autumn – Winter versus Spring – Summer), age and sex

# Corrected for time of blood collection (Autumn – Winter versus Spring – Summer), age, sex, BMI and 
physical activity
* p < 0.05
25(OH)D: 25-hydroxyvitamin D
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low vitamin D status and type 2 diabetes mellitus. Also, a statistically significant multiplica-
tive interaction between low serum 25(OH)D levels (per 20 nmol/l decrease) and type 2 
diabetes mellitus for any depression was found; OR 1.36, 90%CI: 1.05 to 1.76, meaning that 
the combined effect of low vitamin D status and type 2 diabetes mellitus is 1.36 times the 
product of the individual effects of low serum 25(OH)D levels and type 2 diabetes mellitus.
After correction for BMI and physical activity, additive interaction became smaller but was 
still statistically significant (RERI 0.65, 95%CI: 0.19 to 8.15 per 20 nmol/l decrease in serum 
25(OH)D), the multiplicative interaction was still positive, but no longer statistically significant.
Interaction analyses between low serum 25(OH)D levels and type 2 diabetes mellitus in 
relation with depression, showed for every other course of depression trends for positive 
interaction on both the additive scale and the multiplicative scale, with the strongest interac-
tion for those with recurrent/chronic depression. However, all were not statistically significant. 
Furthermore, next to any depression, comprehensive stratified adjusted interaction analyses 
could not be performed, due to the small number of people with type 2 diabetes mellitus 
and depression (see tables).
A sensitivity analysis was performed, where we used HbA1c levels in addition to fasting 
glucose and/or 2hr post-load glucose to define type 2 diabetes mellitus. Prevalence of normal 
glucose tolerance and type 2 diabetes mellitus at baseline changed from 81% to 74% (n = 
1154 [-111]) and from 4% to 5% (n = 70 [+1]), respectively. Above results did not change 
when including HbA1c levels for defining type 2 diabetes mellitus and impaired glucose 
metabolism (data not shown).

Table 6.2. Results of regression analysis for the association between serum 25(OH)D (per 1 nmol/l decrease) 
and the course of depression in the general population, n = 1559. 

No depression versus 
“one time/remitted” (n = 97)

No depression versus
“incident” (n = 100)

No depression versus
“chronic/recurrent” (n = 75)

No depression versus
“any” (n = 272)

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value RR 95% CI p-value

Serum 25(OH)D 1.006 0.997 - 1.016 0.204 1.007 0.998 - 1.017 0.134 1.014 1.002 - 1.026 0.018* 1.007 1.002 - 1.013 0.007*
Serum 25(OH)D¶ 1.007 0.997 - 1.018 0.156 1.008 0.998 - 1.019 0.110 1.017 1.005 - 1.030 0.005* 1.008 1.003 - 1.014 0.003*
Serum 25(OH)D# 1.007 0.994 - 1.019 0.299 1.009 0.997 - 1.020 0.149 1.014 1.000 - 1.028 0.052 1.008 1.001 - 1.014 0.020*
Reference group is no depression at any time point, n = 1287.
Any depression group includes all patients with a depression, whether depression on baseline and/or follow-up: 
Poisson regression analyses was used to calculate (adjusted) relative risks.
¶ Corrected for time of blood collection (Autumn – Winter versus Spring – Summer), age and sex

# Corrected for time of blood collection (Autumn – Winter versus Spring – Summer), age, sex, BMI and 
physical activity
* p < 0.05
25(OH)D: 25-hydroxyvitamin D
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Table 6.3a. Results of regression analysis for the association between type 2 diabetes mellitus (versus normal glucose metabolism, impaired glucose metabolism not presented) and the course of depression, n = 1559. 

No depression versus 
“one time/remitted” (n = 97)≠

No depression versus
“incident” (n = 100)≠

No depression versus
“chronic/recurrent” (n = 75)≠

No depression versus
“any” (n = 272)≠

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value RR 95% CI p-value

DM2 (n = 69) 1.898 0.833 - 4.328 0.127 1.782 0.783 - 4.056 0.168 1.684 0.648 - 4.373 0.285 1.576 1.055 - 2.354 0.026*
DM2 (n = 69)¶ 2.296 0.988 - 5.337 0.053 2.591 1.108 - 6.061 0.028* 2.178 0.820 - 5.785 0.118 1.944 1.303 - 2.901 0.001*
DM2 (n = 69)#¥ - - - - - - - - - 1.628 1.007 - 2.631 0.047*
DM2 (n = 69)∞¥ - - - - - - - - - 1.559 0.966 - 2.517 0.069

Table 6.3b. Results of regression analysis for the association between serum 25(OH)D (per 1 nmol/l decrease) and the course of depression stratified for glucose metabolism (impaired glucose metabolism not presented), n = 1559. 

No depression versus 
“one time/remitted” (n = 97)≠

No depression versus
“incident” (n = 100)≠

No depression versus
“chronic/recurrent” (n = 75)≠

No depression versus
“any” (n = 272)≠

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value RR 95% CI p-value

NGM: serum 25(OH)D (n = 1265) 1.006 0.995 - 1.017 0.313 1.008 0.997 - 1.019 0.157 1.012 1.000 - 1.025 0.059 1.007 1.001 - 1.013 0.022*
DM2: serum 25(OH)D (n = 69) 1.028 0.998 - 1.070 0.176 1.029 0.988 - 1.071 0.164 1.043 0.992 - 1.096 0.099 1.022 1.008 - 1.037 0.002*
NGM: serum 25(OH)D (n = 1265)¶ 1.008 0.997 - 1.020 0.155 1.007 0.996 - 1.019 0.189 1.015 1.002 - 1.028 0.027* 1.008 1.002 - 1.014 0.009*
DM2: serum 25(OH)D (n = 69)¶ 1.023 0.974 - 1.073 0.364 1.031 0.984 - 1.080 0.196 1.071 1.001 - 1.145 0.046* 1.025 1.010 - 1.041 0.001*
NGM: serum 25(OH)D (n = 1265)# 1.008 0.995 - 1.022 0.236 1.008 0.995 - 1.021 0.225 1.016 1.001 - 1.031 0.032* 1.009 1.002 - 1.016 0.017*
DM2: serum 25(OH)D (n = 69)#¥ - - - - - - - - - 1.010 0.989 - 1.032 0.340

Table 6.3c. Results of interaction analyses of type 2 diabetes mellitus with serum 25(OH)D levels (per 1 nmol/l decrease), with regard to the course of depression, on a multiplicative and an additive scale, n = 1559. 

No depression versus “one time/
remitted” (n = 97)≠

No depression versus
“incident” (n = 100)≠

No depression versus
“chronic/recurrent” (n = 75)≠

No depression versus
“any” (n = 272)≠

Multiplicative scale

Serum 25(OH)D*DM2 (OR, 90%CI) 1.022 (0.981 - 1.066) 1.021 (0.979 - 1.065) 1.030 (0.979 - 1.085) 1.015 (1.002 - 1.028)*
Serum 25(OH)D*DM2 (OR, 90%CI)¶ 1.023 (0.981 - 1.066) 1.022 (0.979 - 1.066) 1.031 (0.979 - 1.086) 1.015 (1.002 - 1.029)*
Serum 25(OH)D*DM2 (OR, 90%CI)#¥ - - - 1.008 (0.992 - 1.023)

Additive scale

RERI, 90%CI 0.150 (-0.012 - 0.433) 0.131 (-0.012 - 0.470) 0.254 (-0.013 - 0.668) 0.061 (0.010 - 0.204)*
RERI, 90%CI¶ 0.188 (-0.012 - 0.733) 0.205 (-0.012 - 0.597) 0.371 (-0.013 - 5.925) 0.077 (0.012 - 0.221)*
RERI, 90%CI#¥ - - - 0.027 (0.008 - 0.270)*
Reference group is no depression at any time point, n = 1287.
Any depression group includes all patients with a depression, whether depression on baseline and/or follow-up: 
Poisson regression analysis was used to calculate (adjusted) relative risks.
¶ Corrected for age and sex
# Corrected for age, sex, BMI and physical activity
∞ Corrected for age, sex, BMI, physical activity, 25-hydroxyvitamin D level and for time of blood collection 
(Autumn – Winter versus Spring – Summer)
¥ Comprehensive adjusted analysis could not be performed because of a small number of people with type 2 
diabetes mellitus and the course of depression.

* p < 0.05
≠One time/remitted depression: 7 people had type 2 diabetes mellitus at baseline.
Incident depression: 7 people had type 2 diabetes mellitus at baseline.
Chronic/recurrent depression: 5 people had type 2 diabetes mellitus at baseline.
Any depression: 19 people had type 2 diabetes mellitus at baseline.
25(OH)D: 25-hydroxyvitamin D, DM2: type 2 diabetes mellitus, NGM: normal glucose metabolism
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Table 6.3a. Results of regression analysis for the association between type 2 diabetes mellitus (versus normal glucose metabolism, impaired glucose metabolism not presented) and the course of depression, n = 1559. 

No depression versus 
“one time/remitted” (n = 97)≠

No depression versus
“incident” (n = 100)≠

No depression versus
“chronic/recurrent” (n = 75)≠

No depression versus
“any” (n = 272)≠

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value RR 95% CI p-value

DM2 (n = 69) 1.898 0.833 - 4.328 0.127 1.782 0.783 - 4.056 0.168 1.684 0.648 - 4.373 0.285 1.576 1.055 - 2.354 0.026*
DM2 (n = 69)¶ 2.296 0.988 - 5.337 0.053 2.591 1.108 - 6.061 0.028* 2.178 0.820 - 5.785 0.118 1.944 1.303 - 2.901 0.001*
DM2 (n = 69)#¥ - - - - - - - - - 1.628 1.007 - 2.631 0.047*
DM2 (n = 69)∞¥ - - - - - - - - - 1.559 0.966 - 2.517 0.069

Table 6.3b. Results of regression analysis for the association between serum 25(OH)D (per 1 nmol/l decrease) and the course of depression stratified for glucose metabolism (impaired glucose metabolism not presented), n = 1559. 

No depression versus 
“one time/remitted” (n = 97)≠

No depression versus
“incident” (n = 100)≠

No depression versus
“chronic/recurrent” (n = 75)≠

No depression versus
“any” (n = 272)≠

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value RR 95% CI p-value

NGM: serum 25(OH)D (n = 1265) 1.006 0.995 - 1.017 0.313 1.008 0.997 - 1.019 0.157 1.012 1.000 - 1.025 0.059 1.007 1.001 - 1.013 0.022*
DM2: serum 25(OH)D (n = 69) 1.028 0.998 - 1.070 0.176 1.029 0.988 - 1.071 0.164 1.043 0.992 - 1.096 0.099 1.022 1.008 - 1.037 0.002*
NGM: serum 25(OH)D (n = 1265)¶ 1.008 0.997 - 1.020 0.155 1.007 0.996 - 1.019 0.189 1.015 1.002 - 1.028 0.027* 1.008 1.002 - 1.014 0.009*
DM2: serum 25(OH)D (n = 69)¶ 1.023 0.974 - 1.073 0.364 1.031 0.984 - 1.080 0.196 1.071 1.001 - 1.145 0.046* 1.025 1.010 - 1.041 0.001*
NGM: serum 25(OH)D (n = 1265)# 1.008 0.995 - 1.022 0.236 1.008 0.995 - 1.021 0.225 1.016 1.001 - 1.031 0.032* 1.009 1.002 - 1.016 0.017*
DM2: serum 25(OH)D (n = 69)#¥ - - - - - - - - - 1.010 0.989 - 1.032 0.340

Table 6.3c. Results of interaction analyses of type 2 diabetes mellitus with serum 25(OH)D levels (per 1 nmol/l decrease), with regard to the course of depression, on a multiplicative and an additive scale, n = 1559. 

No depression versus “one time/
remitted” (n = 97)≠

No depression versus
“incident” (n = 100)≠

No depression versus
“chronic/recurrent” (n = 75)≠

No depression versus
“any” (n = 272)≠

Multiplicative scale

Serum 25(OH)D*DM2 (OR, 90%CI) 1.022 (0.981 - 1.066) 1.021 (0.979 - 1.065) 1.030 (0.979 - 1.085) 1.015 (1.002 - 1.028)*
Serum 25(OH)D*DM2 (OR, 90%CI)¶ 1.023 (0.981 - 1.066) 1.022 (0.979 - 1.066) 1.031 (0.979 - 1.086) 1.015 (1.002 - 1.029)*
Serum 25(OH)D*DM2 (OR, 90%CI)#¥ - - - 1.008 (0.992 - 1.023)

Additive scale

RERI, 90%CI 0.150 (-0.012 - 0.433) 0.131 (-0.012 - 0.470) 0.254 (-0.013 - 0.668) 0.061 (0.010 - 0.204)*
RERI, 90%CI¶ 0.188 (-0.012 - 0.733) 0.205 (-0.012 - 0.597) 0.371 (-0.013 - 5.925) 0.077 (0.012 - 0.221)*
RERI, 90%CI#¥ - - - 0.027 (0.008 - 0.270)*
Reference group is no depression at any time point, n = 1287.
Any depression group includes all patients with a depression, whether depression on baseline and/or follow-up: 
Poisson regression analysis was used to calculate (adjusted) relative risks.
¶ Corrected for age and sex
# Corrected for age, sex, BMI and physical activity
∞ Corrected for age, sex, BMI, physical activity, 25-hydroxyvitamin D level and for time of blood collection 
(Autumn – Winter versus Spring – Summer)
¥ Comprehensive adjusted analysis could not be performed because of a small number of people with type 2 
diabetes mellitus and the course of depression.

* p < 0.05
≠One time/remitted depression: 7 people had type 2 diabetes mellitus at baseline.
Incident depression: 7 people had type 2 diabetes mellitus at baseline.
Chronic/recurrent depression: 5 people had type 2 diabetes mellitus at baseline.
Any depression: 19 people had type 2 diabetes mellitus at baseline.
25(OH)D: 25-hydroxyvitamin D, DM2: type 2 diabetes mellitus, NGM: normal glucose metabolism
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discussion

In this population-based cohort study we explored the associations between baseline serum 
25(OH)D level and the course of depression; we also tested whether these associations 
were stronger in people with type 2 diabetes mellitus, compared to those with a normal 
glucose metabolism (interaction). 

Vitamin D status and course of depression
Concerning the association between serum 25(OH)D level and the course of depres-
sion, inverse, non-statistically significant trends were observed, the strongest in people with 
chronic/recurrent depression. Replication studies in larger samples are warranted, as our 
study had limited statistical power. Notably, the association between a low vitamin D status 
and increased depression risk seems to be stronger, and for a larger part determined by 
BMI and physical activity in people with chronic/recurrent depression, than in those with one 
time/remitted depression or incident depression. 
So far, except for incident depression, only a few studies have investigated the link between 
vitamin D status and the course of depression. A recent prospective study, which investigated 
the association between vitamin D status and the course of depressive symptoms in 367 
clinically depressed people ≥ 60 years found no link between baseline serum 25(OH)D 
levels and the course of depressive symptoms over two years (26). 
In contrast, Milaneschi et al. (27) found that baseline serum 25(OH)D level was inversely 
associated with having a depressive disorder at two year follow-up (relative risk 0.90, 95%CI: 
0.82 to 0.99) in 1102 people aged 18-65 years with a depressive disorder, defined according 
to DSM-IV criteria (27). The reasons for the discrepancies of results between the study of 
Milaneschi et al. (27) and our study, compared to the study of van der Berg et al. (26) could 
be the older age in the study of van der Berg et al.(26) as an older sample may be more 
heterogeneous (variation in comorbidity, medicine use including use of vitamin D supple-
ments, physical limitations, sun exposure) than a younger study sample, in which, multiple 
determinants can interfere with the course of depression and serum 25(OH)D level (26,27). 
Thus a small effect of vitamin D status on the course of depression might be masked in an 
older population.
Concerning incident depression, and in line with our study results, two meta-analyses (7,8) 
that investigated the link between serum 25(OH)D level and the risk of depression, found 
an increased hazard ratio of depression for the lowest versus highest vitamin D categories 
(HR 2.21, 95%CI: 1.40 to 3.49, n = 8815) in three cohort studies, and a decreased odds ratio 
for depression per 10 ng/ml (about 25 nmol/l) increase in serum 25(OH)D level (OR 0.92, 
95%CI: 0.87 to 0.98, n = 12,648) in five cohort studies (7,8).

Interaction vitamin D – type 2 diabetes mellitus, with regard to depression
We hypothesised that there is a synergistic interaction between low vitamin D status and 
type 2 diabetes mellitus, with regard to depression. Stratified analyses for glucose metabo-
lism showed stronger associations between low serum 25(OH)D level and depression risk 
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in people with type 2 diabetes mellitus, than in those with normal glucose metabolism. We 
observed the strongest association between low serum 25(OH)D level and depression in 
people with type 2 diabetes mellitus with recurrent/chronic depression. Unfortunately, due 
to low numbers of people with both type 2 diabetes mellitus and depression, we could 
perform the fully corrected stratified analysis only for those with any depression, and it 
seems to be that the relation between low serum 25(OH)D level and any depression in 
people with type 2 diabetes mellitus is for a large part mediated by BMI and physical activity. 
Our recently published study, based on data of the first Hoorn Study, observed no relation 
between serum 25(OH)D level and prevalent depression, independent of glucose metabo-
lism. Here also, age could explain the negative finding, as median age was 68 (64 - 74) years, 
ranging from 60 to 87 (28).
For clinical decision making and public health importance, in the epidemiological community 
there is consensus that calculating interaction on the additive scale is most appropriate and  
relevant to assess interaction between two exposures (23-25). In our study, a statistically 
significant positive additive interaction between low vitamin D status and type 2 diabetes 
mellitus was present for any depression, also after correction for BMI and physical activity. 
Additive interaction was also present for incident depression, indicating that low serum 
25(OH)D levels and type 2 diabetes mellitus indeed interact in causing depression. However, 
as the result of the small number of people with both type 2 diabetes mellitus and inci-
dent depression, the interaction analysis was not statistically significant, and comprehensive 
adjusted analysis could not be performed. 

Interpretation/clinical implications
How can we interpret the role of vitamin D in its relation with depression in both healthy 
and diabetic people? Is low serum 25(OH)D level a contributing factor for the development 
of depression (in people with type 2 diabetes mellitus) or represent low serum 25(OH)D 
level the actually (unknown) cause of depression (in people with type 2 diabetes mellitus)? 
As mentioned earlier, we found that a large part of the association between serum 25(OH)
D level and any depression in people with type 2 diabetes mellitus, and the found positive 
additive interaction between serum 25(OH)D level and type 2 diabetes mellitus in relation 
with any depression, could be explained by high BMI and physical inactivity, which is not 
surprising as both adiposity and physical inactivity are linked to low serum 25(OH)D levels, 
type 2 diabetes mellitus and depressive symptoms (29). In addition, in a recent study, inflam-
matory processes, which are linked with (chronic) disorders, can reduce serum 25(OH)D 
levels (14). Inflammation and chronic diseases with accompanied functional limitations, can 
in turn lead to depressive symptoms. Thus, it is possible that the link between low serum 
25(OH)D level and depression (in people with type 2 diabetes mellitus), and the interaction 
between low serum 25(OH)D level and type 2 diabetes mellitus in causing depression, can 
partly be explained by chronic diseases/inflammation (14). Thus it is imaginable that a low 
serum 25(OH)D level just represents poor lifestyle habits and chronic diseases/inflammation. 
If so, serum 25(OH)D level can act as screening tool to identify diabetic patients vulnerable 
for depression.
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Two meta-analyses (29,30) concerning vitamin D supplementation for improving depressive 
symptoms in the general population have been performed and have found overall no effect 
of vitamin D supplementation (in total 11 unique studies, 5 overlapping between the two 
meta-analyses) (29,30). The trials however, varied considerably in the amount, frequency and 
duration of vitamin D supplementation. 
Thus, recent literature does not provide us with any certainty concerning the role of vita-
min D status in the development of depression. Further research in a study sample with a 
higher number of people with both type 2 diabetes mellitus and incident depression, using 
a structured interview for assessing depressive symptoms at multiple time moments and 
taking inflammation status, adiposity, physical activity, and co-morbidity into account, should be 
performed. Furthermore it would be interesting to perform a randomised placebo-controlled 
trial of vitamin D supplementation in people with type 2 diabetes mellitus and vitamin D 
deficiency, with (incident) depression as the outcome, and taking functional limitations and 
skeletal and muscle health as possible mediators into account.

Strengths and limitations
The strengths of our study include the population-based, longitudinal design and the use of an 
oral glucose tolerance test to determine glucose metabolism status. Another main strength 
of our investigation was the measurement of serum 25(OH)D level by a gold standard 
reference LC-MS/MS method. 
Important limitations of the study are the small number of people with both depression and 
type 2 diabetes mellitus, and the use of a self-report questionnaire, the CES-D, instead of a 
diagnostic psychiatric interview. The aim of the CES-D is to assess depressive symptoms of 
the previous week, and with using the cut-off point of ≥ 16, to determine clinically relevant 
depressive symptoms. However, the CES-D has not a proper sensitivity and specificity for 
diagnosing a major depressive episode and is therefore inferior compared to the diagnostic 
psychiatric interview. In addition, when using a cut-off score of ≥ 16, no distinction can be 
made in depression severity.
Another limitation of the study is that in our main analyses HbA1c levels were not included in 
the diagnostic criteria for type 2 diabetes mellitus and impaired glucose metabolism, although 
recommended by the American Diabetes Association and the World Health Organization. 
However, including HbA1c levels in the diagnostic criteria for type 2 diabetes mellitus and 
impaired glucose metabolism did not substantially change the results. In addition, ‘t Riet et al. 
(31), reported stronger associations of fasting glucose and 2hr post-load glucose with HbA1c 
in people with type 2 diabetes mellitus compared to the general population, suggesting that 
HbA1c is a marker to determine glycemic control in people with type 2 diabetes mellitus 
rather than a diagnostic marker (31). 
Furthermore, no information concerning vitamin D intake, parathyroid hormone levels, 
or other chronic diseases were available, as a result it was impossible to make statistical 
adjustments for these factors. Last, there were only two moments at which depression was 
explored, and follow-up time was long, ranging from 3 to 10 years. This could have led to 
missing depressive episodes, thus categorising people erroneously in the “no depression” 
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group. The small number of people with both diabetes mellitus and depression in our study 
resulted in low statistical power, and analyzing restrictions, as a result, further testing in larger 
samples is needed. 
Our findings suggest that low baseline serum 25(OH)D levels are associated with depression, 
and especially with chronic/recurrent depression. In addition, there might be a synergistic 
interaction between low serum 25(OH)D levels and type 2 diabetes mellitus, with regard to 
depression. These associations were largely explained by BMI and physical inactivity. 
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abstract

Background
Evidence shows a synergistic interaction between depression and diabetes mellitus 
in relation with mortality. The aim of this study is to examine individual and joined 
mortality risk for depression and diabetes mellitus, and test for effect modification by 
sex. Furthermore, interaction between depression and diabetes mellitus, with regard 
to mortality is investigated, hypothesizing a synergistic interaction.

Methods
In this prospective cohort study, four-year mortality risk for people with depressive 
symptoms (depression) and/or diabetes mellitus was explored in 8493 measurements 
obtained from 3088 individuals participating in the Longitudinal Aging Study Amster-
dam, using generalised estimating equations. Participants were categorised in four 
groups, according to their depression and diabetes mellitus status.

Results
Effect modification of sex for the association between depression and mortality was 
found on both an additive and multiplicative scale. In females, depression was not asso-
ciated with increased mortality in the analyses adjusted for baseline chronic diseases, 
including cardiovascular disease (OR1.18, 95%CI: 0.93 to 1.49). In contrast, males with 
depression had a 70% increased mortality risk (OR1.66, 95%CI: 1.29 to 2.13), which 
is comparable with the mortality risk of males with diabetes mellitus (p for difference 
0.64). Males with both diseases had a 4.5 times increased mortality risk, beyond that of 
having depression (p = 0.022) or diabetes mellitus (p = 0.034). In females, coexisting 
depression and diabetes mellitus was associated with a 2.4 times increased mortality, 
but did not differ from the mortality risk of having diabetes mellitus (p = 0.45). No 
statistically significant interaction between depression and diabetes mellitus, with regard 
to mortality was observed.

Conclusions
Mortality risk for depression was higher in males than in females. Depression without 
diabetes mellitus and diabetes mellitus without depression indicate similar increased 
mortality risk only in males. Only in males the presence of both diabetes mellitus and 
depression is associated with an increased risk for death, beyond that of having diabetes 
mellitus or depression alone. Future research should focus on explaining the differences 
in mortality risk between males and females with elevated depressive symptoms and/
or diabetes mellitus.
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introduction

Depression is a mental disorder affecting approximately 350 million people worldwide 
(1). Diabetes mellitus is an increasingly prevalent and even more common disorder than 
depression, affecting approximately 415 million people worldwide in 2015 (2). Evidence from 
meta-analysis of longitudinal studies suggests that the association between type 2 diabetes 
mellitus and depression is bidirectional as people with type 2 diabetes mellitus are at an 
increased risk for depression, and people with depression are also at an increased risk for 
type 2 diabetes mellitus (3-5). Furthermore, depression is associated with increased mor-
tality in people with diabetes mellitus (6-8). Moreover several studies suggest a synergistic 
interaction between depression and diabetes mellitus with regard to cardiovascular and 
all-cause mortality (9-12).
It is suggested that the synergistic interaction is the result of less adequate self-care behaviors 
probably resulting from depression (9-12) Biologically rather a sub additive mortality risk for 
coexisting depression and diabetes mellitus would be expected as depression and diabetes 
mellitus share pathological neurobiological pathways including activation of the sympathic 
nervous system and hypothalamic-pituitary-adrenal axis, low-grade systemic inflammation, 
and endothelial dysfunction (13-15).
Previously mentioned studies, which investigated the interaction between depression and dia-
betes mellitus in relation with mortality, did not all examine sex differences (9-11). Literature, 
however, shows that consequences and coping mechanisms associated with depression or 
diabetes mellitus are sex-dependent (16,17). Furthermore there are sex specific differences 
in energy homeostasis and metabolic dysfunction (18). Thus it is imaginable that there is also 
a sex dependent (biological) interaction between (the consequences of the) depression and 
diabetes mellitus in relation with mortality. In addition it is known from literature that the 
mortality risk for males and females with depression differs (19-21).  
It is of important value to explore potential sex differences in the association of depression, 
diabetes mellitus, and their coexistence, with mortality, as it can establish new directions for 
future research (e.g. identifying sex dependent pathophysiological pathways and eventually 
the development of sex specific therapies). 
Therefore, we aim to examine individual and joint mortality risk for depression and diabetes 
mellitus, explore interrelations, and test for effect modification by sex. 

methods

Study design and participants
This study was done within the framework of the Longitudinal Aging Study Amsterdam, 
which has been described in detail (22). In brief LASA was initiated and founded by the Dutch 
Ministry of Health, Welfare and Sports to investigate changes in physical, cognitive, emotional, 
and social functioning associated with ageing. In 1992 a random sample of 3805 Dutch males 
and females aged 55-85 years was recruited from municipal registries across three distinct 
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regions in the Netherlands. Eleven months later, 3107 people participated in the first LASA 
cycle (1992-1993). Since then, three yearly measurement cycles included a main interview, 
followed by a medical interview with collection of clinical characteristics two to six weeks 
later. Attrition can be attributed for the most part to mortality, and to lesser extent to other 
reasons (ineligible, refusal, no contact). Attrition per cycle is illustrated in the cohort profile of 
LASA (22). All participants gave their informed consent and the Medical Ethics Committee 
of the VU Medical Centre study approved the study (archive number 92/138).

Diabetes mellitus
A diabetes mellitus algorithm (type 1 or 2 not specified) was used (see supplementary data). 
This was based either on the diagnosis of diabetes mellitus as documented in the records 
of general practitioners, or on the combination of self-reported diabetes mellitus together 
with the use of glucose lowering medication.

Assessment of depressive symptoms
Depressive symptoms (depression) over the last seven days were determined using the 
Centre for Epidemiologic Studies Depression Scale (CES-D). The CES-D depression scale 
is a 20 item, self-report symptom scale, which total score can vary from 0 to 60 (23).  The 
CES-D appeared to be a useful instrument for measuring depressive symptoms in older 
people (24). To determine clinically relevant depressive symptoms, the cut-off score of ≥ 16 
was applied (23,24). 

Mortality
Mortality data until July 1, 2015, was obtained from the municipality registers of the town 
where the participants were living. From each cycle, four-year mortality was calculated, as 
the mortality rates associated with this time of follow-up were most optimal for the total 
study sample and for each depression/diabetes mellitus group (25).

Variables
Demographic variables included age, sex, ethnicity, degree of urbanization, partner status, and 
years of education. Diabetes specific medication was self-reported and diabetes duration 
was calculated by subtracting self-reported age of diabetes diagnosis from the age of the 
corresponding cycle. Lifestyle included use of alcohol (drinks per week), current smoking, 
and physical activity using The LASA Physical Activity Questionnaire. Furthermore, data on 
comorbidity included the number of self-reported cardiovascular diseases (CVD), and the 
number of self-reported most common other somatic chronic diseases in the older Dutch 
population, i.e. chronic obstructive pulmonary disease, cancer, and rheumatoid arthritis/
osteoarthritis. Anthropometric parameters including height and weight to calculate BMI 
were measured. 
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Statistical analyses
For the present study 8493 measurements, derived from four cycles (1992-1993, 1995-
1996, 1998-1999, 2001-2002), were analysed. Per cycle, participants were categorised in 
four groups, according to their depression and diabetes mellitus status: 1) no depression, no 
diabetes mellitus, 2) depression, no diabetes mellitus, 3) diabetes mellitus, no depression, 4) 
depression and diabetes mellitus. Thus, a participant’s depression/diabetes mellitus status can 
vary across cycles. All-cause mortality risk for the depression/diabetes mellitus groups was 
determined using generalised estimating equations (GEE) with a 3-dependent correlation 
structure and the binary logistic function. People with no depression and no diabetes mellitus 
served as the reference group. The interaction terms ‘depression x sex’, ‘diabetes x sex’, and 
‘depression and diabetes x sex’ were tested, in order to examine whether the association 
of depression and/or diabetes mellitus with mortality was different for males and females 
(effect modification). In binair logistic regression analysis, the regression coefficient of the 
product term reflects effect modification as departure from multiplicativity. However, in the 
epidemiological community there is consensus that calculating interaction on the additive 
scale is most relevant for clinical decision making and public health importance (26). There-
fore, effect modification of sex was also tested for on an additive scale, through calculation 
of the Relative Excess Risk due to Interaction (RERI) (26). We used the method and excel 
sheet provided by Knol et al. (26). A RERI > 0 indicates a synergistic interaction between 
two exposures, meaning that the combined effect of the exposures is larger than the sum 
of the individual exposures. If effect modification of sex, stratified analyses were performed. 
Interaction between depression and diabetes mellitus, with regard to mortality was assessed 
on an additive scale, and for completeness also on a multiplicative scale.
All models were corrected for confounding variables step by step: 1) age, sex, and measure-
ment cycle, 2) as in 1, plus the number of cardiovascular diseases (CVD), 3) as in 2, plus the 
number of other major chronic diseases. 
P-values < 0.05 were considered as statistically significant, for interaction effects a higher 
p-value of  < 0.10 was maintained. Statically significance of the RERI was evaluated via 90% 
confidence intervals, which were calculated with the delta method (26). All data were anal-
ysed using the statistical package SPSS software (version 20.0, SPSS Inc, Chicago, IL).
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results
Of the 3107 participants derived from the first cycle (1992-1993), 19 persons were excluded 
from analysis as the mortality data were missing (Figure 7.1). Of the remaining 3088 people, 
in total 9385 measurements derived from four measuement cycles (1992-2002) were 
evaluated for their depression and diabetes mellitus status. Of 892 measurements (10%), 
depression/diabetes mellitus status could not determined, because of missing values for 
diabetes mellitus (n = 731, 8%), and/or missing depression data (n = 877, 9%). From 716 
measurements (8%), both depression and diabetes mellitus status were missing. 
Finally, 8493 measurements were analysed. 

Figure 7.1. Participant flowchart

*Depression/diabetes mellitus status could not be determined due to missing data concerning diabetes (n 
= 731, 8%) and/or depression (n = 877, 9%).

 
47% of the 8493 measurements were derived from males (Table 7.1). Median age at cycle 
1 was: 71 (63 - 78); at cycle 2 median age was: 72 (65 - 80); at cycle 3 it was 73 (67 - 81); 
and at cycle 4 median age was 75 (69 - 81). Median age of the total group was 72 (66 - 80), 
ranging from 55 - 94 years, and 99% of the study population was of Dutch ethnicity. One 
person (male), from the depression only group, died of a suicide attempt.
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Characteristics of the sample, stratified for the four groups and sex are presented in Table 7.2. 
Effect modification by sex for the association between depression only (versus the no 
depression, no diabetes mellitus group) and mortality was found on a multiplicative scale 
(model 3: OR 1.41, 90%CI 1.06 to 1.87), and on an additive scale (model 3: RERI 1.16, 90%CI:  
0.44 to 1.87). 
Table 7.3 presents the four-year all-cause mortality risk for the four depression/diabetes 
mellitus groups in the total group, and stratified for males and females.
Males with depression only had an almost 70% increased mortality risk as compared to males 
in the control group, which was comparable with the mortality risk of those with diabetes 
mellitus only (p for difference: 0.64, adjusted analysis according to model 3).  In contrast, 
among females with depression , after correction for the number of CVD, no statistically 
significant increased mortality risk was observed. Furthermore, females with diabetes mellitus, 
had a statistically significant 1.6 times increased mortality risk as compared to females with 
depression (adjusted analysis according to model 3, OR: 1.64, 95%CI: 1.15 to 2.36). Com-
pared to the reference group, males with coexisting depression and diabetes mellitus had 
an almost 4.5 times increased mortality risk, beyond that of having depression or diabetes 
mellitus (p for difference 0.034 and 0.022, respectively). Females with both diseases had a 
2.4 times increased mortality risk, which was statistically significant higher compared to the 
mortality risk for depression only (p for difference 0.007), but not when compared to the 
mortality risk for diabetes mellitus only (p for difference 0.45).
We found no effect modification by sex for the association of mortality with diabetes 
mellitus only or with coexisting depression and diabetes mellitus, as compared to the refer-
ence group. After full correction, an increased mortality risk of almost 90% for people with 
diabetes mellitus only, and a 2.8 times increased mortality risk for people with coexisting 
depression and diabetes mellitus was found. In addition, compared to people with diabetes 
mellitus only, mortality risk for people with depression and diabetes mellitus was increased 
with approximately 50% (adjusted analysis according to model 2, OR: 1.58, 95%CI: 1.02 to 
2.44; adjusted analysis according to model 3, OR: 1.51, 95%CI: 0.98 to 2.34). 
Exclusion of the male participant from the group with depression only, who committed 
suicide, did not alter the results.

Interaction
Interaction between depression and diabetes mellitus, with regard to mortality was RERI 
0.58, 90%CI: -0.41 to 1.58 on an additive scale and OR 1.10, 90%CI: 0.74 to 1.62 on an 
multiplicative scale. Interaction was also calculated separately for males and females, as the 
relationship between depression only and mortality differed between the sexes. Also no 
statistically significant synergistic interaction between depression and diabetes mellitus, in 
relation with mortality was found on an additive scale or a multiplicative scale (additive: RERI 
2.01, 90% CI: -1.07 to 5.09, multiplicative: OR 1.49, 90%CI: 0.71 to 3.11 for males, and RERI 
0.29, 90% CI: -0.79 to 1.37 and OR 1.05, 90%CI 0.64 to 1.74 for females in adjusted analysis). 
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Table 7.1. Characteristics of the study sample, n = 8493.

 Missing Total group No diabetes, 
no depression

Depression, 
no diabetes

Diabetes, 
no depression

Diabetes 
and depression

n = 8493 n = 6529 n = 1197 n = 631 n = 136

Age (years) 0/8493 72 (66 - 80) 72 (65 - 79) 76 (68 - 82) 75 (68 - 82) 77 (70 - 82)

Male 0/8493 3963 (47) 3222 (49) 402 (34) 307 (49) 32 (24)

Dutch ethnicity 0/8493 8408 (99) 6477 (99) 1182 (99) 621 (98) 128 (94)

Diabetes duration (years) 18/767 7 (3 - 16) - - 6 (3 - 14) 9 (4 - 25)

Diabetes medication, self-reported 128/767 53 (96) 36 (97)

    No medication - 66 (9) - - 58 (9) 8 (6)

    Insulin - 212 (28) - - 165 (26) 47 (35)

    Tablets only - 361 (47) - - 298 (47) 63 (46)

Single 3/8493 3127 (37) 2089 (32) 704 (59) 257 (41) 77 (57)

Education < 10 years 9/8493 5172 (61) 3796 (58) 836 (70) 431 (68) 109 (80)

Alcoholic drinks per week∞ 1795/8493 3 (1 - 10) 3 (1 -12) 1 (0 -7) 1 (0 -7) 1 (0 - 6)

Smoking∞, yes 1775/8493 1364 (20) 1027 (20) 221 (23) 93 (18) 23 (20)

Physical activity (minutes/day) 448/8493 134 (75 - 210) 138 (80 - 214) 122 (60 - 194) 118 (49 - 190) 103 (45 - 180)

High: ≥ 1500 urbanization (addresses/km2) 6/8493 3428 (40) 2534 (39) 603 (40) 225 (36) 66  (49)

CES-D score 0/8493 6 (3 - 12) 5 (2 - 9) 20 (17 - 25) 6 (3 - 10) 21 (18 - 25)

Cardiovascular diseases, yes¶ 15/8493 2821 (33) 1950 (30) 535 (55) 264 (42) 72 (53)

Number of cardiovascular diseases¶ 15/8493 0 (0 - 1) 0 (0 - 1) 0 (0 - 1) 0 (0 - 1) 0 (1 - 1)

Having other major diseases, yes° 12/8493 3914 (46) 3285 (50) 824 (69) 356 (57) 102 (75)

Number of other major diseases° 12/8493 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (1 - 2)

BMI∞ 1951/8493 27 ± 4 26 (24 - 29) 27 (24 - 30) 28 (25 - 30) 29 (26 - 35)

Four years mortality, deceased 0/8493 1328 (16) 857 (13) 265 (22) 161 (26) 45 (33)

Cycle 1, 1992-1993 0/8493 3035 (36) 2381 (37) 406 (34) 209 (33) 39 (29)

Cycle 2, 1995-1996 0/8493 2184 (26) 1708 (26) 302 (25) 151 (24) 23 (17)

Cycle 3, 1998-1999 0/8493 1841 (22) 1375 (21) 272 (23) 147 (23) 47 (35)

Cycle 4, 2001-2002 0/8493 14323 (17) 1065 (16) 217 (18) 124 (20) 27 (20)

Continuous variables are presented in mean ± SD or median (IQR) depending on normality of distribution. 
Categorical variables are presented in numbers (%).
¶ Self-reported cardiovascular disease, including cardiac disease, peripheral arterial disease, and ischemic/
hemorrhagic stroke
°Including self-reported chronic non-specific lung disease, osteoarthritis, rheumatoid arthritis and cancer

∞Variable assessed in the medical interview: only participants ≥ 65 years (born before 1931) were invited for 
the medial interview at the second cycle (1995-1996) and only participants born before 1931 plus a control 
group of participants were included in the sample of the medical interview at the third cycle (1998-1999).
CES-D: Center for Epidemiologic Studies Depression Scale
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Table 7.1. Characteristics of the study sample, n = 8493.

 Missing Total group No diabetes, 
no depression

Depression, 
no diabetes

Diabetes, 
no depression

Diabetes 
and depression

n = 8493 n = 6529 n = 1197 n = 631 n = 136

Age (years) 0/8493 72 (66 - 80) 72 (65 - 79) 76 (68 - 82) 75 (68 - 82) 77 (70 - 82)

Male 0/8493 3963 (47) 3222 (49) 402 (34) 307 (49) 32 (24)

Dutch ethnicity 0/8493 8408 (99) 6477 (99) 1182 (99) 621 (98) 128 (94)

Diabetes duration (years) 18/767 7 (3 - 16) - - 6 (3 - 14) 9 (4 - 25)

Diabetes medication, self-reported 128/767 53 (96) 36 (97)

    No medication - 66 (9) - - 58 (9) 8 (6)

    Insulin - 212 (28) - - 165 (26) 47 (35)

    Tablets only - 361 (47) - - 298 (47) 63 (46)

Single 3/8493 3127 (37) 2089 (32) 704 (59) 257 (41) 77 (57)

Education < 10 years 9/8493 5172 (61) 3796 (58) 836 (70) 431 (68) 109 (80)

Alcoholic drinks per week∞ 1795/8493 3 (1 - 10) 3 (1 -12) 1 (0 -7) 1 (0 -7) 1 (0 - 6)

Smoking∞, yes 1775/8493 1364 (20) 1027 (20) 221 (23) 93 (18) 23 (20)

Physical activity (minutes/day) 448/8493 134 (75 - 210) 138 (80 - 214) 122 (60 - 194) 118 (49 - 190) 103 (45 - 180)

High: ≥ 1500 urbanization (addresses/km2) 6/8493 3428 (40) 2534 (39) 603 (40) 225 (36) 66  (49)

CES-D score 0/8493 6 (3 - 12) 5 (2 - 9) 20 (17 - 25) 6 (3 - 10) 21 (18 - 25)

Cardiovascular diseases, yes¶ 15/8493 2821 (33) 1950 (30) 535 (55) 264 (42) 72 (53)

Number of cardiovascular diseases¶ 15/8493 0 (0 - 1) 0 (0 - 1) 0 (0 - 1) 0 (0 - 1) 0 (1 - 1)

Having other major diseases, yes° 12/8493 3914 (46) 3285 (50) 824 (69) 356 (57) 102 (75)

Number of other major diseases° 12/8493 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (1 - 2)

BMI∞ 1951/8493 27 ± 4 26 (24 - 29) 27 (24 - 30) 28 (25 - 30) 29 (26 - 35)

Four years mortality, deceased 0/8493 1328 (16) 857 (13) 265 (22) 161 (26) 45 (33)

Cycle 1, 1992-1993 0/8493 3035 (36) 2381 (37) 406 (34) 209 (33) 39 (29)

Cycle 2, 1995-1996 0/8493 2184 (26) 1708 (26) 302 (25) 151 (24) 23 (17)

Cycle 3, 1998-1999 0/8493 1841 (22) 1375 (21) 272 (23) 147 (23) 47 (35)

Cycle 4, 2001-2002 0/8493 14323 (17) 1065 (16) 217 (18) 124 (20) 27 (20)

Continuous variables are presented in mean ± SD or median (IQR) depending on normality of distribution. 
Categorical variables are presented in numbers (%).
¶ Self-reported cardiovascular disease, including cardiac disease, peripheral arterial disease, and ischemic/
hemorrhagic stroke
°Including self-reported chronic non-specific lung disease, osteoarthritis, rheumatoid arthritis and cancer

∞Variable assessed in the medical interview: only participants ≥ 65 years (born before 1931) were invited for 
the medial interview at the second cycle (1995-1996) and only participants born before 1931 plus a control 
group of participants were included in the sample of the medical interview at the third cycle (1998-1999).
CES-D: Center for Epidemiologic Studies Depression Scale
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Table7. 2. Characteristics of the study sample, stratified for sex, n = 8493.

Total group No depression, no diabetes Depression, no diabetes Diabetes, no depression Depression and diabetes

Males Females Males Females Males Females Males Females Males Females

n = 3963 n = 4530 n = 3222 n = 3307 n = 402 n = 795 n = 307 n = 324 n = 32 n = 104

Age (years) 72 (66 - 79) 72 (66 -80) 72 (65 - 79) 71 (65 - 79) 76 (69 - 82) 75 (68 - 83) 74 (67 - 81) 76 (68 - 82) 80 (70 - 86) 76 (70 - 80)

Dutch ethnic identification 3924 (99) 4484 (99) 3200 (99) 3277 (99) 393 (98) 789 (99) 300 (98) 321 (99) 31 (97) 97 (93)

Diabetes duration, self-reported (years) 7 (3 - 14) 7 (3 - 17) - - - - 7 (3 - 14) 6 (3 - 14) 6 (3 - 15) 10 (4 - 26)

Diabetes medication, self-reported

    No medication 24 (7) 42 (10) - - - - 24 (8) 34 (11) 0 (0) 8 (8)

    Insulin 86 (25) 126 (29) - - - - 76 (25) 89 (28) 10 (31) 37 (36)

    Tablets only 161 (48) 200 (47) - - - - 146 (48) 152 (47) 15 (47) 48 (46)

Single 761 (24) 2366 (76) 524 (16) 1565 (47) 161 (40) 543 (68) 64 (21) 193 (60) 12 (38) 65 (63)

Education < 10 years 2088 (53) 3084 (68) 1632 (51) 2164 (66) 260 (65) 576 (73) 178 (58) 253 (78) 18 (56) 91 (88)

Alcoholic drinks per week∞ 6 (1 - 21) 1 (0 - 6) 6 (2 - 21) 1 (0 - 6) 6 (1 - 21) 1 (0 - 6) 6 (1 - 21) 1 (0 - 2) 1 (0 - 21) 1 (0 - 3)

Smoking∞, yes 860 (27) 504 (14) 681 (26) 346 (14) 112 (35) 109 (17) 59 (23) 34 (13) 8 (31) 15 (17)

Physical activity (minutes/day) 102 (55 - 
167)

164 (105 - 
240)

105 (60 - 
171)

174 (116 - 
246)

87 (36 - 159) 137 (77 - 210) 76 (30 - 142) 150 (88 - 221) 98 (13 - 175) 109 (60 - 180)

CES-D score 5 (2 - 10) 8 (3 - 14) 4 (1 - 8) 6 (3 - 10) 20 (17 - 24) 21 (18 - 26) 6 (3 - 9) 7 (3 - 11) 20 (17 - 23) 21 (18 - 26)

Number of cardiovascular diseases¶ 0 (0 - 1) 0 (0 - 1) 0 (0 - 1) 0 (0 - 0) 1 (0 - 1) 0 (0 - 1) 0 (0 - 1) 0 (0 - 1) 1 (1 - 2) 0 (0 - 1)

Cardiovascular disease¶, yes 1559 (39) 1262 (28) 1179 (37) 771 (23) 204 (51) 331 (42) 150 (49) 114 (35) 26 (81) 46 (44)

Number of other major diseases° 0 (0 - 1) 1 (0 - 1) 0 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (1 - 2)

Having other major diseases°, yes 1779 (45) 2788 (62) 1367 (43) 1918 (58) 234 (58) 590 (75) 158 (52) 198 (61) 20 (63) 82 (79)

BMI∞ 26 ± 3 27 ± 5 26 (24 - 28) 27 (24 - 30) 26 (23 - 28) 27 (24 - 31) 27 (25 - 29) 29 (26 - 32) 29 (26 - 30) 30 (26 - 35)

Four years mortality, deceased 784 (20) 544 (12) 542 (17) 315 (10) 133 (33) 132 (17) 90 (29) 71 (22) 19 (59) 26 (25)

Cycle 1, 1992-1993 1470 (48) 1565 (52) 1197 (37) 1184 (36) 154 (38) 252 (32) 110 (36) 99 (31) 9 (28) 30 (29)

Cycle 2, 1995-1996 1034 (47) 1150 (53) 867 (27) 841 (25) 93 (23) 209 (26) 70 (23) 81 (25) 4 (13) 19 (18)

Cycle 3, 1998-1999 829 (45) 1012 (55) 665 (21) 710 (22) 87 (22) 185 (23) 66 (22) 81 (25) 11 (34) 36 (35)

Cycle 4, 2001-2002 630 (44) 803 (56) 493 (15) 572 (17) 68 (17) 149 (19) 61 (20) 63 (19) 8 (25) 19 (18)

Continuous variables are presented in mean ± SD or median (IQR) depending on normality of distribution. 
Categorical variables are presented in numbers (%).
¶ Self-reported cardiovascular disease, including cardiac disease, peripheral arterial disease, and ischemic/
hemorrhagic stroke
°Including self-reported chronic non-specific lung disease, osteoarthritis, rheumatoid arthritis and cancer

∞Variable assessed in the medical interview: only participants ≥ 65 years (born before 1931) were invited for 
the medial interview at the second cycle (1995-1996) and only participants born before 1931 plus a control 
group of participants were included in the sample of the medical interview at the third cycle (1998-1999).
CES-D: Center for Epidemiologic Studies Depression Scale
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Table7. 2. Characteristics of the study sample, stratified for sex, n = 8493.

Total group No depression, no diabetes Depression, no diabetes Diabetes, no depression Depression and diabetes

Males Females Males Females Males Females Males Females Males Females

n = 3963 n = 4530 n = 3222 n = 3307 n = 402 n = 795 n = 307 n = 324 n = 32 n = 104

Age (years) 72 (66 - 79) 72 (66 -80) 72 (65 - 79) 71 (65 - 79) 76 (69 - 82) 75 (68 - 83) 74 (67 - 81) 76 (68 - 82) 80 (70 - 86) 76 (70 - 80)

Dutch ethnic identification 3924 (99) 4484 (99) 3200 (99) 3277 (99) 393 (98) 789 (99) 300 (98) 321 (99) 31 (97) 97 (93)

Diabetes duration, self-reported (years) 7 (3 - 14) 7 (3 - 17) - - - - 7 (3 - 14) 6 (3 - 14) 6 (3 - 15) 10 (4 - 26)

Diabetes medication, self-reported

    No medication 24 (7) 42 (10) - - - - 24 (8) 34 (11) 0 (0) 8 (8)

    Insulin 86 (25) 126 (29) - - - - 76 (25) 89 (28) 10 (31) 37 (36)

    Tablets only 161 (48) 200 (47) - - - - 146 (48) 152 (47) 15 (47) 48 (46)

Single 761 (24) 2366 (76) 524 (16) 1565 (47) 161 (40) 543 (68) 64 (21) 193 (60) 12 (38) 65 (63)

Education < 10 years 2088 (53) 3084 (68) 1632 (51) 2164 (66) 260 (65) 576 (73) 178 (58) 253 (78) 18 (56) 91 (88)

Alcoholic drinks per week∞ 6 (1 - 21) 1 (0 - 6) 6 (2 - 21) 1 (0 - 6) 6 (1 - 21) 1 (0 - 6) 6 (1 - 21) 1 (0 - 2) 1 (0 - 21) 1 (0 - 3)

Smoking∞, yes 860 (27) 504 (14) 681 (26) 346 (14) 112 (35) 109 (17) 59 (23) 34 (13) 8 (31) 15 (17)

Physical activity (minutes/day) 102 (55 - 
167)

164 (105 - 
240)

105 (60 - 
171)

174 (116 - 
246)

87 (36 - 159) 137 (77 - 210) 76 (30 - 142) 150 (88 - 221) 98 (13 - 175) 109 (60 - 180)

CES-D score 5 (2 - 10) 8 (3 - 14) 4 (1 - 8) 6 (3 - 10) 20 (17 - 24) 21 (18 - 26) 6 (3 - 9) 7 (3 - 11) 20 (17 - 23) 21 (18 - 26)

Number of cardiovascular diseases¶ 0 (0 - 1) 0 (0 - 1) 0 (0 - 1) 0 (0 - 0) 1 (0 - 1) 0 (0 - 1) 0 (0 - 1) 0 (0 - 1) 1 (1 - 2) 0 (0 - 1)

Cardiovascular disease¶, yes 1559 (39) 1262 (28) 1179 (37) 771 (23) 204 (51) 331 (42) 150 (49) 114 (35) 26 (81) 46 (44)

Number of other major diseases° 0 (0 - 1) 1 (0 - 1) 0 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (0 - 1) 1 (1 - 2)

Having other major diseases°, yes 1779 (45) 2788 (62) 1367 (43) 1918 (58) 234 (58) 590 (75) 158 (52) 198 (61) 20 (63) 82 (79)

BMI∞ 26 ± 3 27 ± 5 26 (24 - 28) 27 (24 - 30) 26 (23 - 28) 27 (24 - 31) 27 (25 - 29) 29 (26 - 32) 29 (26 - 30) 30 (26 - 35)

Four years mortality, deceased 784 (20) 544 (12) 542 (17) 315 (10) 133 (33) 132 (17) 90 (29) 71 (22) 19 (59) 26 (25)

Cycle 1, 1992-1993 1470 (48) 1565 (52) 1197 (37) 1184 (36) 154 (38) 252 (32) 110 (36) 99 (31) 9 (28) 30 (29)

Cycle 2, 1995-1996 1034 (47) 1150 (53) 867 (27) 841 (25) 93 (23) 209 (26) 70 (23) 81 (25) 4 (13) 19 (18)

Cycle 3, 1998-1999 829 (45) 1012 (55) 665 (21) 710 (22) 87 (22) 185 (23) 66 (22) 81 (25) 11 (34) 36 (35)

Cycle 4, 2001-2002 630 (44) 803 (56) 493 (15) 572 (17) 68 (17) 149 (19) 61 (20) 63 (19) 8 (25) 19 (18)

Continuous variables are presented in mean ± SD or median (IQR) depending on normality of distribution. 
Categorical variables are presented in numbers (%).
¶ Self-reported cardiovascular disease, including cardiac disease, peripheral arterial disease, and ischemic/
hemorrhagic stroke
°Including self-reported chronic non-specific lung disease, osteoarthritis, rheumatoid arthritis and cancer

∞Variable assessed in the medical interview: only participants ≥ 65 years (born before 1931) were invited for 
the medial interview at the second cycle (1995-1996) and only participants born before 1931 plus a control 
group of participants were included in the sample of the medical interview at the third cycle (1998-1999).
CES-D: Center for Epidemiologic Studies Depression Scale

C
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Table 7.3. Four years mortality risk for depression, diabetes mellitus, and for coexisting depression and 
diabetes mellitus, n = 8493.

Model 1 Model 2 Model 3

OR (95%CI) p-value RERI (90%CI)∞ OR (95%CI) p-value RERI (90%CI)∞ OR (95%CI) p-value RERI (90%CI)∞

Males (n = 3963)

No depression, no diabetes mellitus (n = 3222) 1 1 1
Depression, no diabetes mellitus (n = 402) 1.89 (1.47 to 2.42) <0.001* - 1.75 (1.36 to 2.26) <0.001* - 1.66 (1.29 to 2.13) <0.001* -
Diabetes mellitus, no depression (n = 307) 1.91 (1.41 to 2.58) <0.001* - 1.83 (1.35 to 2.46) <0.001* - 1.81 (1.34 to 2.45) <0.001* -
Depression and diabetes mellitus (n = 32) 5.65 (2.48 to 12.88) <0.001* 2.83 (-2.68 to 8.35) 4.56 (2.02 to 10.32) <0.001* 1.99 (-1.13 to 5.10) 4.48 (1.97 to 10.21) <0.001* 2.01 (-1.07 to 5.09)
Females (n = 4530)

No depression, no diabetes mellitus (n = 3307) 1 1 1
Depression, no diabetes mellitus (n = 795) 1.29 (1.03 to 1.63) 0.026* - 1.21 (0.96 to 1.52) 0.116 - 1.18 (0.93 to 1.49) 0.177 -
Diabetes mellitus, no depression (n = 324) 2.07 (1.51 to 2.84) <0.001* - 1.94 (1.41 to 2.68) <0.001* - 1.94 (1.41 to 2.68) <0.001* -
Depression and diabetes mellitus (n = 104) 2.81 (1.71 to 4.63) <0.001* 0.45 (-0.80 to 1.70) 2.50 (1.53 to 4.09) <0.001* 0.35 (-0.76 to 1.46) 2.40 (1.46 to 3.95) 0.001* 0.29 (-0.79 to 1.37)

Total group (n = 8493)β
No depression, no diabetes mellitus (n = 6529) 1 1 1
Depression, no diabetes mellitus (n = 1197) 1.55 (1.31 to 1.82)# <0.001* - 1.44 (1.21 to 1.70)# <0.001* - 1.38 (1.16 to 1.64)# <0.001* -
Diabetes mellitus, no depression (n = 631) 1.99 (1.59 to 2.48) <0.001* - 1.89 (1.51 to 2.35) <0.001* - 1.88 (1.50 to 2.34) <0.001* -
Depression and diabetes mellitus (n = 136) 3.41 (2.27 to 5.14) <0.001* 0.87 (-0.32 to 2.07) 2.97 (1.98 to 4.46) <0.001* 0.65 (-0.39 to 1.69) 2.84 (1.89 to 4.27) <0.001* 0.58 (-0.41 to 1.58)
Model 1: Corrected for age and measurement cycle. 
Model 2: Corrected for age, measurement cycle, and the number of self-reported cardiovascular diseases (cardiac 
disease, peripheral arterial disease, and ischemic/hemorrhagic stroke).
Model 3: Corrected for age, measurement cycle, the number of self-reported cardiovascular diseases (cardiac 
disease, peripheral arterial disease, and ischemic/hemorrhagic stroke), and the number of the following self-re-
ported chronic diseases: non-specific lung disease, osteoarthritis/rheumatoid arthritis and/or cancer.

∞Relative excess risk due to interaction. A RERI > 0 indicate a synergistic interaction.
*p < 0.05
β Analysis in the total group were also adjusted for sex. 
#Effect modification of sex on a multiplicative and an additive scale (p < 0.10). 
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Table 7.3. Four years mortality risk for depression, diabetes mellitus, and for coexisting depression and 
diabetes mellitus, n = 8493.

Model 1 Model 2 Model 3

OR (95%CI) p-value RERI (90%CI)∞ OR (95%CI) p-value RERI (90%CI)∞ OR (95%CI) p-value RERI (90%CI)∞

Males (n = 3963)

No depression, no diabetes mellitus (n = 3222) 1 1 1
Depression, no diabetes mellitus (n = 402) 1.89 (1.47 to 2.42) <0.001* - 1.75 (1.36 to 2.26) <0.001* - 1.66 (1.29 to 2.13) <0.001* -
Diabetes mellitus, no depression (n = 307) 1.91 (1.41 to 2.58) <0.001* - 1.83 (1.35 to 2.46) <0.001* - 1.81 (1.34 to 2.45) <0.001* -
Depression and diabetes mellitus (n = 32) 5.65 (2.48 to 12.88) <0.001* 2.83 (-2.68 to 8.35) 4.56 (2.02 to 10.32) <0.001* 1.99 (-1.13 to 5.10) 4.48 (1.97 to 10.21) <0.001* 2.01 (-1.07 to 5.09)
Females (n = 4530)

No depression, no diabetes mellitus (n = 3307) 1 1 1
Depression, no diabetes mellitus (n = 795) 1.29 (1.03 to 1.63) 0.026* - 1.21 (0.96 to 1.52) 0.116 - 1.18 (0.93 to 1.49) 0.177 -
Diabetes mellitus, no depression (n = 324) 2.07 (1.51 to 2.84) <0.001* - 1.94 (1.41 to 2.68) <0.001* - 1.94 (1.41 to 2.68) <0.001* -
Depression and diabetes mellitus (n = 104) 2.81 (1.71 to 4.63) <0.001* 0.45 (-0.80 to 1.70) 2.50 (1.53 to 4.09) <0.001* 0.35 (-0.76 to 1.46) 2.40 (1.46 to 3.95) 0.001* 0.29 (-0.79 to 1.37)

Total group (n = 8493)β
No depression, no diabetes mellitus (n = 6529) 1 1 1
Depression, no diabetes mellitus (n = 1197) 1.55 (1.31 to 1.82)# <0.001* - 1.44 (1.21 to 1.70)# <0.001* - 1.38 (1.16 to 1.64)# <0.001* -
Diabetes mellitus, no depression (n = 631) 1.99 (1.59 to 2.48) <0.001* - 1.89 (1.51 to 2.35) <0.001* - 1.88 (1.50 to 2.34) <0.001* -
Depression and diabetes mellitus (n = 136) 3.41 (2.27 to 5.14) <0.001* 0.87 (-0.32 to 2.07) 2.97 (1.98 to 4.46) <0.001* 0.65 (-0.39 to 1.69) 2.84 (1.89 to 4.27) <0.001* 0.58 (-0.41 to 1.58)
Model 1: Corrected for age and measurement cycle. 
Model 2: Corrected for age, measurement cycle, and the number of self-reported cardiovascular diseases (cardiac 
disease, peripheral arterial disease, and ischemic/hemorrhagic stroke).
Model 3: Corrected for age, measurement cycle, the number of self-reported cardiovascular diseases (cardiac 
disease, peripheral arterial disease, and ischemic/hemorrhagic stroke), and the number of the following self-re-
ported chronic diseases: non-specific lung disease, osteoarthritis/rheumatoid arthritis and/or cancer.

∞Relative excess risk due to interaction. A RERI > 0 indicate a synergistic interaction.
*p < 0.05
β Analysis in the total group were also adjusted for sex. 
#Effect modification of sex on a multiplicative and an additive scale (p < 0.10). 
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discussion
In a large cohort study of older adults we explored the association of depression, diabetes 
mellitus, and coexisting depression and diabetes mellitus with mortality, their interrelations, 
and tested for effect modification by sex. Our most important conclusions are 1) that males 
with depression had a higher mortality risk than females with depression, which did not differ 
from the mortality risk for diabetes mellitus, and that 2) males with coexisting depression 
and diabetes mellitus had an increased mortality, beyond that of having diabetes mellitus 
or depression alone. Females however, only had an increased mortality risk, beyond that of 
having depression alone.  

Sex differences in the association between baseline depression and mortality
Males with clinically relevant depressive symptoms (CES-D ≥ 16) at baseline, had an almost 
70% increased mortality risk, despite adjustment for the number of CVD and major chronic 
somatic disorders at baseline. Our results are in line with the Bambui Cohort Study of 
Aging, which found an increased all-cause mortality risk of almost 50% for males with late-
life depression (adjusted for lifestyle and clinical factors: HR = 1.45 95%CI: 1.01 to 2.07) 
after ten years of follow-up, using The General Health Questionnaire-12 to assess depres-
sive symptoms (20). In females, having depressive symptoms was not associated with an 
increased mortality risk in the adjusted analyses, which is also in line with the previous study: 
adjusted HR 1.13, 95%CI: 0.84 to 1.48) (20). As non-depressed females have higher scores 
on the CES-D compared with non-depressed males, a relative over- and underestimation of 
depressive symptoms is expected in females and males, respectively, when using the cut-off 
score of  ≥ 16 for diagnosing clinically relevant depressive symptoms (27,28). Thus, probably 
depression is more severe, and/or there is a higher prevalence of major depressive disorder 
in males with a CES-D ≥ 16 in our study. However, the difference in mortality risk between 
males and females with depression also applies for major depressive disorder. In a Norwe-
gian study with 33 years of follow-up, the standardised mortality ratio for major depressive 
disorder was higher in males (SMR 2.6, 95%CI: 2.2 to 3.0) than in females (SMR 1.8, 95%CI: 
1.5 to 2.1) (19). Other reasons for the increased mortality risk in males with depression, but 
not in females in the adjusted analysis, should be sought in both the causes and consequences 
of an increased depression score in males and females. In a community-based study the 
association between CES-D and mortality, somatic complaints, such as low appetite, restless 
sleep, talking less, and/or fatigue (‘cannot get going’, ‘everything an effort’), appeared to be 
the factor predicting mortality (29). Thus, probably males with a CES-D ≥ 16 suffer from 
more somatic complaints than females. Interestingly, we found that males with depression 
more often were smokers, and were less often physical active compared with healthy males 
and females with depression, which could both be causes and consequences of depressive 
symptoms and/or somatic complaints, leading to an increased mortality risk. Furthermore, as 
lack of energy and low self-esteem are associated with depression, this can result in avoid-
ance of medical care. Also, as depressed males have a lower prevalence of chronic illnesses 
compared with depressed females in our study, males seek less medical help. In addition, 
depression appeared to be less likely to be recognized in men > 65 years (30). This might 
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lead to a delay in depression treatment, which can result in severe and/or longer duration 
of depression, and finally, to higher mortality rates. 

Equal mortality risk for depression and diabetes mellitus in males
The observation that the mortality risk of males with depression does not differ from the 
mortality risk of males with diabetes mellitus, despite controlling for baseline CVD and major 
somatic chronic diseases, is new and is clinically of importance as it creates the awareness that 
depression is a disease of similar importance as diabetes mellitus, with major consequences.

Interaction between depression and diabetes mellitus
Males with coexisting depression and diabetes mellitus had a 4.5 times increased mortality 
risk, beyond that of having depression or diabetes mellitus alone. Females, had a 2.4 times 
increased mortality risk, only beyond that of having depression alone. However, in males and 
females, both on the additive and the multiplicative scale, no synergistic interaction between 
depression and diabetes mellitus, with regard to mortality was found.
The few studies that evaluated the interaction between depression and diabetes mellitus, 
with regard to mortality show a synergistic interaction between depression and diabetes 
mellitus, but they were not stratified for sex, and did not all test for statistically significance 
(9-12). However, in our study, we found also no statistically significant synergistic interaction 
between depression and diabetes mellitus in the whole sample. These null results can be 
caused by power problems due to small mortality rates in some depression/diabetes mellitus 
groups, and power problems related to statistics, as interaction tests in general are limited 
by low statistical power. Nevertheless, directions of the RERIs were positive in every analysis, 
suggesting synergy between depression and diabetes mellitus with regard to mortality.
One of the explanations for our findings could be a less adequate lifestyle, e.g. poor diet, and 
less physical activity. In our study, BMI levels in people with both diseases were higher, and the 
physical activity was less, as compared with the control group, and to the people with diabetes 
mellitus only. Poor lifestyle can both be the cause and/or consequence of depression, and 
indirectly, via increasing insulin resistance, explain the super additive mortality risk associated 
with coexisting depression and diabetes mellitus. Vice versa, an increased diabetes mellitus 
burden (insulin use, neuropathy) may lead to depressive symptoms, and subsequently to less 
physical activity and higher BMI levels, may also be an explanation. 

Strengths and limitations
The strengths of our study include the prospective design with the long follow-up, and the 
large sample size. Furthermore, mortality was accurately reported, and the most prevalent 
chronic diseases were correctly assessed and adjusted for. 
Some limitations of our study are: 1) the use of an algorithm to define glucose tolerance 
status, rather than performing an oral glucose tolerance test, with the result that people, 
especially those staying away from medical care (such as people with depression), may be 
unfairly categorised in the healthy, or depression only group, 2) depressive symptoms were 
assessed using a self-report questionnaire instead of using a structural clinical diagnostic inter-
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view, 3) as there were only four assessments of depression between 1992 and 2002, we do 
not have information about the duration of the depressive symptoms, and how mood was 
between the measurements. It may be possible that the interaction between depression and 
diabetes mellitus is more pronounced in chronic depression, and 4) as in some depression/
diabetes mellitus groups mortality was not rare, the odds ratios might overestimate the 
relative risks (25). This may also be true for the RERI, as the RERI assumes relative risks (26). 
However, we found that the results from our GEE analysis correspond with results when 
performing cox proportional hazards regression analyses on our data; follow-up from 1992-
1993 (LASA cycle 1) to 2015, with the depression/diabetes mellitus groups as independent 
variable and mortality as dependent variable (data not shown). An important limitation of 
the analysis using cox regression analysis was that there were only 9 males with depression 
and diabetes mellitus. 
Future research should focus on explaining the differences in mortality risk between males 
and females with elevated depressive symptoms and/or diabetes mellitus, with attention to 
differences in causes and consequences of depression, and cause of death. 
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general discussion

Type 2 diabetes mellitus and depression are both common conditions (1,2). In 2015, depres-
sion and diabetes mellitus were among the leading causes of burden of diseases in high 
income countries, measured with disability-adjusted life years (DALY) (3). Depression is 
more prevalent in people with type 2 diabetes mellitus compared to healthy or non-diabetic 
controls, and type 2 diabetes mellitus is associated with an increased risk for incident depres-
sion. Moreover, having both diseases is associated with adverse health outcomes, including 
micro- and macrovascular complications and excess mortality (4-6). 
Treatment for depression includes mainly cognitive behavioral therapy, problem solving ther-
apy, or mindfulness-based cognitive therapy and/or use of anti-depressant medication, often in 
combination (7,8,9).Treating depression with antidepressants in people with type 2 diabetes 
mellitus is complex (10). The use of monoamine oxidase inhibitors is limited because side 
effects such as hypoglycaemia and weight gain and a diet is required. In addition, the tricyclic 
antidepressants are associated with hyperglycaemia, impaired memory, and increased car-
bohydrate craving. In contrast, the serotonin selective reuptake inhibitors (SSRI) may lead 
to hypoglycaemia (30% decrease in fasting plasma glucose) and decreased appetite causing 
weight loss. However, with time the anorectic effect of the SSRI is lost, and the SSRI has the 
potential to cause weight gain (10-13).
Depression in diabetes mellitus is associated with higher HbA1C levels, but treating depression 
in diabetes mellitus according to the previously mentioned methods does not consistently 
ensure better medical glycaemic control (10,14,15). In addition, cross-sectional analysis in 
people with type 2 diabetes mellitus showed that antidepressant use was associated with 
unfavorable cardiovascular risk factors including hypertension, obesity and hyperlipidemia, 
independent of depressive symptoms or body mass index (BMI) (16).
The mechanisms that link depression and type 2 diabetes mellitus are still unclear. In our study, 
we hypothesised that incident depressive symptoms in type 2 diabetes mellitus, are partly 
the result of cerebral microvascular damages (vascular depression hypothesis). However the 
development of current antidepressants is based on a different pathophysiology (the mono-
amine-deficiency hypothesis). In addition, one of the clinical features of vascular depression is 
(partial) antidepressant resistance (17,18). Therefore new targets for depression treatment 
and prevention in people with type 2 diabetes mellitus should be explored.
During the last decades vitamin D has become a popular topic of research in the area of 
type 2 diabetes mellitus and depression after the findings that both fasting glucose levels and 
mood varies depending on the season, with worsening during the winter (19,20). In addition, 
the vitamin D receptor and the 1α-hydroxylase enzyme, which activates 25-hydroxyvitamin 
D, was found to be present in tissues involved in type 2 diabetes mellitus and depression 
(21-24). In longitudinal studies, low vitamin D status was linked to poor glycaemic control, 
type 2 diabetes mellitus, cardiovascular diseases, and depression (23,25-30), while inter-
vention studies reported conflicting results concerning the beneficial effects of vitamin D 
supplementation for these outcomes (see introduction) (24,26,29-33). However, except for 
a recent cross-sectional study in 2786 Chinese adults with type 2 diabetes mellitus, which 
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found an inverse association between serum 25(OH)D level and depression, no studies 
evaluated the link between vitamin D and depression or health status in people with type 
2 diabetes mellitus (34). 

Therefore, in this thesis we aimed to investigate the potential role of vitamin D in depres-
sion and health status in people with type 2 diabetes mellitus using data from (longitudinal) 
epidemiological studies and a double-blind randomised placebo-controlled trial, testing the 
effects of vitamin D supplementation in people with type 2 diabetes mellitus. 
In the second part of this thesis we explored sex differences in the associations between 
depression, diabetes mellitus and coexisting depression and diabetes mellitus with mortality. 
Furthermore, we investigated whether there was a synergistic interaction between depres-
sion and diabetes mellitus, with regard to mortality. 

This chapter summarizes the main results of the present thesis in light of the current litera-
ture. Furthermore, the methodological strengths and limitations of the thesis, including the 
hypothesised model, will be briefly addressed and recommendations will be presented. Finally, 
directions for future research will be discussed. 

main findings in light of the current literature 

part i - vitamin d

Health status (Chapters two and three)
Cross-sectional associations between vitamin D deficiency (< 50 nmol/l) and health status 
(measured with the Short Form 36 Healthy Survey (SF-36)) were not found in older people 
with well-controlled type 2 diabetes mellitus recruited from general practices, even when 
performing subgroup analysis in people with poor glycaemic control (HbA1c ≥ 53 mmol/mol, 
≥ 7.0%), or a poor health status (chapter two). A literature search did not yield any other 
observational study that investigated vitamin D status and health status in people with type 
2 diabetes mellitus.
In a cohort of individuals 62 ± 14 years old with chronic kidney disease, new to dialysis, 
and with 60% having diabetes mellitus, it was found in a cross-sectional analysis that a 25% 
increase in serum 25(OH)D concentration was significantly associated with a 1.0 point 
higher score on the mental component summary (MCS) of the SF-12 (35). However, when 
dichotomizing serum 25(OH)D levels to < 15 ng/ml versus ≥ 15 ng/ml (37.5 nmol/l), low 
vitamin D status was associated with lower physical component summary score (PCS), but 
not with the MCS (35).
An important difference between our study and the study of Anand et al. (35) is the study 
sample: we studied people with well-controlled type 2 diabetes mellitus, with a health status 
comparable with the general population, and with a mean serum 25(OH)D level of 59 ± 
23 nmol/l, while the other study (35) used data from a group of people with chronic kidney 
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disease, new on dialysis with a median serum 25(OH)D concentration of 12.6 ng/mL (31.5 
nmol/l), of which 124 (65%) people with a serum 25(OH)D level < 15 ng/ml (37.5 nmol/l). 
Taking this together it can be hypothesised that: 1) there is only a link between low vitamin 
D status and health status in the lower ranges of serum 25(OH)D, 2) there is only a link 
between low vitamin D status and health status, when the study sample is relatively ill and 
there is a risk for a poor health status, and/or 3) the link between low vitamin D status and 
health status can be explained by residual confounding and/or reverse causality, and studies 
including samples consisting of more ill or more vitamin D deficient people are more prone 
to confounding. The link between low vitamin D status and physical and mental health in 
the study of Anand et al. (35) could be explained by lower physical activity levels, as people 
with chronic kidney disease report often fatigue and are physically limited, leading to physical 
inactivity and to decreased sun exposure and thus lower serum 25(OH)D levels. The poor 
physical health and the burden of the chronic kidney disease can in turn contribute to a less 
optimal mental health. 

Another cross-sectional study is more comparable with our study, in the sense of mean 
age, and the degree of illness, in which was found that serum 25(OH)D levels < 25 nmol/l 
(reference category: 25(OH)D > 50 nmol/l) was associated with lower scores on the PCS 
of the SF-12 in a community-based study of older Dutch adults (B −3.9, 95%CI: −6.5 to 
−1.3) (36). The association between low vitamin D status and low PCS was for a large part 
explained by physical performance, depressive symptoms, and the number of chronic diseases 
(including self-reported diabetes mellitus and cardiovascular diseases).

Taking this together it can be hypothesised that vitamin D status is only linked with health 
status (specific PCS) when serum 25(OH)D levels are very low (approximately < 30 nmol/l). 
However, in observational studies residual confounding can always occur. To learn more 
about the potential causal associations between vitamin D and health status, intervention 
studies are needed.

In chapter three, the effect of six months of vitamin D supplementation on health status (sec-
ondary outcome) was investigated in people with well-controlled type 2 diabetes mellitus 
included in the SUNNY trial; no improvement in health status was observed in the vitamin 
D group versus the placebo group, despite doubling of the serum 25(OH)D concentrations 
in the first group.
One other intervention study that examined the effect of six months of vitamin D supple-
mentation on health status in people with diabetes mellitus (type 1 or 2 not specified) was 
performed showing no improvement of health status after vitamin D supplementation (38). 
However, the trial was not placebo-controlled (comparing daily 2,000 IU vitamin D/day with 
40,000 IU vitamin D/month), and also in this study, health status was a secondary outcome 
(38). Of note, the study participants suffered from chronic kidney disease (stages 1-4) also.
Fifteen intervention studies, which examined the effect of vitamin D supplementation on 
health status, were reviewed (37). However, no meta-analysis could be performed due to the 
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great heterogeneity in study population (both healthy and diseased populations, but studies 
focusing on diabetes mellitus were not included), and dose, duration and type of vitamin D 
supplementation. The authors concluded that there was a small to moderate effect of short-
term vitamin D supplementation on health status in diseased people, despite the fact that only 
four of the seven studies in that category showed an effect of vitamin D supplementation on 
health status (both mental and physical related domains), and study methodological quality 
was low. In addition, an effect of vitamin D supplementation on health status was not found 
in two studies with a relative high methodological quality and baseline serum 25(OH)D < 
40 nmol/l (140,141). However, again health status was a secondary outcome. 

To conclude, very low vitamin D status seems to be associated with low health status, in 
particular with the physical component; however it is not clear from intervention studies if 
vitamin D supplementation will improve health status in the general population or in people 
with type 2 diabetes mellitus. Of note, studies that reported improvement of health status 
after vitamin D supplementation found only small effects, which are not likely to be clinically 
relevant.

Depression (Chapters five and six)
Conflicting results concerning the relation of vitamin D status with depression in people 
with type 2 diabetes mellitus were found in this thesis. In the Hoorn Study (THS) (chapter 
five) we investigated whether low vitamin D status was a mediator in the relation between 
glucose metabolism status and depression in males and females. However, no statistically 
significant association between low serum 25(OH)D levels and prevalent depression was 
found (in people with type 2 diabetes mellitus). Low serum 25(OH)D levels were trendwise 
associated with the course of depression over 7 years (one time/remitted depression, inci-
dent depression, chronic/recurrent depression) in the New Hoorn Study (TNHS), with the 
strongest trend, which was borderline significant in adjusted analysis, for people with chronic/
recurrent depression (chapter six). In addition, there was a significant inverse association 
between serum 25(OH)D levels and any depression (defined as having clinically relevant 
depressive symptoms at baseline and/or after 7 years of follow-up). Reasons for these con-
trasting findings could be 1) low statistical power, as in THS only 65 participants (of which 25 
males and 40 females) reported elevated depressive symptoms, and in TNHS this number 
was 272 (for any depression), 2) different methods of measuring serum 25(OH)D level, 3) 
age difference between the two study populations: median age of people included in analysis 
of THS was 68 (64 - 74) years, and mean age of the people included in the analysis of TNHS 
was 53 ± 6 years. That age may impact the associations between vitamin D and depression 
has been mentioned earlier (38,39). In samples with older people there is more variation 
in comorbidity, use of medication including vitamin D supplements, physical limitations and 
activity, and sun exposure than in a younger study sample, which can interfere with depression 
and serum 25(OH)D level (40). 
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Analyses in TNHS (chapter six) showed that there was an association between serum 
25(OH)D levels and any depression, which was stronger in people with type 2 diabetes 
mellitus compared to those without (65% versus 17% increased risk for any depression 
per 20 nmol/l decrease in serum 25(OH)D level, respectively). However, after adjusting the 
analyses for BMI and physical activity, the association between serum 25(OH)D level and 
any depression in people with type 2 diabetes mellitus was not strong anymore, and was no 
longer statistically significant. The last observation is probably the result of power problems 
(there were only 19 people with both type 2 diabetes mellitus and depression), as the size 
of the association between serum 25(OH)D level and depression was comparable, or 
even somewhat stronger in those with type 2 diabetes mellitus compared to those with a 
normal glucose metabolism (increased risk of 23% versus 19% per 20 nmol/l decrease in 
serum 25(OH)D, respectively). Preliminary results of our analysis in the Netherlands Epi-
demiology of Obesity study showed that after correcting for age sex, ethnicity, BMI, physical 
activity, history of cardiovascular disease and light exposure, there was a statistically significant 
cross-sectional association between serum 25(OH)D level (per 20 nmol/l decrease) and 
depression (moderate to very severe versus no depression, people with mild depressive 
symptoms excluded) in 665 people with type 2 diabetes mellitus (OR 1.75, 95%CI: 1.27 - 
2.40), which seems to be stronger compared to people with a normal glucose metabolism  
(n = 5135, OR 1.26, 95%CI: 1.09 - 1.45) (in this study there were 97 people with both 
depression and type 2 diabetes mellitus).

Thus, there is evidence from observational studies that (low) vitamin D status is linked with 
depressive symptoms, especially in those with type 2 diabetes mellitus (34). However, residual 
confounding and/or reverse causality could have occurred as both a low serum 25(OH)D 
level, depression and type 2 diabetes mellitus can be explained by overlapping risk factors that 
could cause biased results, such as smoking, obesity, physical inactivity, sun exposure, chronic 
diseases, physical limitations, medication use, and ethnicity (40). In addition, publication bias 
may also have occurred as negative results tend to remain unpublished.

Nowadays, there are five systematic reviews (31-33,41,42), of which four meta-analyses 
(31-33,41) concerning vitamin D supplementation for depression (31-33,41,42). Of note, 
there were no studies that have addressed the potential role of type 2 diabetes mellitus. 
Overall no effect of vitamin D supplementation on depressive symptoms was found, but 
heterogeneity between studies was observed and quality of the studies was low (31-33). In 
two meta-analyses (32,41) it has been suggested that vitamin D supplementation might only 
be effective in depressed (32) or in “diseased” (41) (obese (43), without diabetes mellitus 
and depressed (44)) people, because of the results of post-hoc subgroup meta-analysis (two 
studies each, one overlapping (43-45)) (32,41,43-45). However, in one study (45) (included 
in one of the meta-analysis (32)) the study participants were not blinded (injections versus 
no intervention), and in another study (43) (included in the second meta-analysis (41)), 
next to vitamin D also calcium was supplemented. In the same study (43) the statistically 
significant effect of vitamin D supplementation on depressive symptoms only was present 
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when performing per protocol analysis, not when performing intention to treat analysis (43). 
It is not clear which of the mean differences were used in the meta-analysis (those derived 
from the per protocol analysis or from the intention to treat analysis), but because of the 
statistically significance of the mean differences, the mean differences derived from the per 
protocol analysis, are assumed (43). 
In one of the systematic reviews (41) RCTs with and without “biological flaws” (RCTs with 
biological flaws failed to test the research hypothesis as the result of limitations in study 
design) were distinguished, and it was concluded that of the 15 retrieved studies concerning 
vitamin D supplementation for depression, only seven studies had no biological flaws (i.e. 
inappropriate or ineffective vitamin D intervention, no baseline or follow-up serum 25(OH)
D level measurement, and/or vitamin D sufficiency at baseline). Five (according to the author 
this number was six as the study of Jorde et al. (43) was included) of the seven studies 
showed an improvement of depression after vitamin D supplementation (43,44,46-49). 
However in four of these five trials, the assessment of depressive symptoms was doubtful, 
and/or the trial was not placebo-controlled (46-49). The one study (44) that remained as 
having good quality and no biological flaws reported an improvement of depression severity, 
after 8 weeks of 1500 IU vitamin D3/day adjunctive to fluoxetine versus fluoxetine (plus 
placebo) alone, in 40 people from Iran with a major depressive disorder according to the 
DSM-IV and a mean baseline serum 25(OH)D concentration of 58 nmol/l (44). Another 
Iranian randomised, double-blind, placebo-controlled trial performed in 40 people with a 
diagnosis of major depressive disorder according to the DSM-IV and with baseline serum 
25(OH)D levels of approximately 34 nmol/l found a small insignificant (p  = 0.06) effect of 
50,000 IU vitamin D/week for 8 weeks on depressive symptoms, measured with the Beck 
Depression Inventory (50,51).

In summary, due to insufficient (high-quality) evidence, it is still unclear whether vitamin D 
supplementation can be used to prevent or treat depressive symptoms in both the general 
population and in those with type 2 diabetes mellitus. Possibly there is a role of vitamin D 
supplementation for depression in those who are depressed and/or diseased.

Glycaemic control (Chapter four)
Besides a small effect of vitamin D supplementation on Hba1c in a post hoc subgroup analysis 
in severely vitamin D deficient people (serum 25(OH)D level < 30 nmol/l, n = 19), effects 
of vitamin D supplementation on glycaemic indices were not found.  
In a recent meta-analysis that included 23 randomised controlled trials that examined the 
effect of vitamin D supplementation on glycaemic control in people with type 2 diabetes 
mellitus, it was concluded that vitamin D supplementation had no effect on either HbA1c, 
fasting glucose or insulin resistance (HOMA-IR) (52). Subgroup analysis in people with 
serum 25(OH)D levels < 50 nmol/l or < 30 nmol/l did not change the results. However, 
heterogeneity in follow-up duration, vitamin D intervention, and in type 2 diabetes mellitus 
population was observed (52).
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part ii - mortality

Depression, diabetes mellitus and mortality (Chapter seven)
Analyses in older adults (> 55 years, median 72 years) derived from the Longitudinal Aging 
Study Amsterdam (LASA) showed that: 1) males with depression have an increased mortality 
risk compared to males without depression, this is not true for females with depression in 
adjusted analysis, 2) mortality risk for males with depression was higher than the mortality 
risk for females with depression,  3) the mortality risk for males with diabetes mellitus did 
not differ from the mortality risk for males with depression, while in females mortality risk 
for diabetes mellitus was higher than the mortality risk for females with depression, and 4) 
males with both diseases had an increased mortality, beyond that of having diabetes mellitus 
or depression alone, females with both diseases however had only an increased mortality 
risk, beyond that of having depression alone. Last, although statistically not significant, results 
from interaction analysis suggest a positive interaction on an additive scale between depres-
sion and diabetes mellitus, with regard to mortality, for both males and females (Figure 8.1).
  

Figure 8.1. Schematic representation of the mortality risk (odds ratio) per depression/diabetes mellitus 
group for females (left) and males (right) compared to females and males without depression and diabetes 
mellitus. Of note, mortality risk of, and synergistic interaction between, depression and diabetes mellitus 
appears larger for males than females, however confidence intervals overlapped.
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It is known that males with depression have higher mortality risk than females with depres-
sion, irrespectively of the depression assessment (self-reported questionnaire or structural 
diagnostic interview) (53,54).
Several studies (4,6,55-59) investigated the association between depression and mortality 
in people with and without diabetes mellitus, and more specifically the interaction between 
depression and diabetes mellitus, with regard to mortality. These studies all found that having 
diabetes mellitus and depression was associated with excess mortality, beyond that of having 
depression or diabetes mellitus alone. In addition, a synergistic interaction between depres-
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sion and diabetes mellitus, with regard to mortality was reported (4,6,55-59). However, none 
of the studies compared mortality risks between groups (e.g. people with depression only 
versus people with diabetes mellitus only). Furthermore, only one study tested for an effect 
modification of sex in post-hoc analysis, but the method was not clearly described, and no 
effect modification was found (6). 

methodological considerations

In the discussion sections of the individual chapters several methodical strengths and lim-
itations were highlighted. Here, some of the main limitations of the thesis are again briefly 
discussed. 

Study population
To measure an effect of vitamin D, studies must recruit people with low (baseline) serum 
25(OH)D level. In addition, positive effects of vitamin D cannot be measured when the (base-
line) outcome variable is optimal (ceiling effects). In this thesis, (baseline) serum 25(OH)D 
levels (chapter two to six) and health status were relative high (chapter two, three). Next, some 
of our studies (chapter five and six) suffered from small numbers of people with depression 
(and diabetes mellitus), resulting in low statistical power and/or analysing restrictions.

Assessment of depression
In this thesis the self-reported questionnaire Centre for Epidemiological Studies Depression 
Scale (CES-D) was used to identify people with clinically significant depressive symptoms, 
instead of a diagnostic structural interview, conducted by a trained professional, which is 
the gold standard to diagnose a major depressive episode. Although validated and widely 
used to detect elevated depressive symptoms; the specificity and sensitivity of the CES-D 
for diagnosing major depression are not maximal. In addition, due to the inclusion of somatic 
complaints in the CES-D, it is imaginable that the CES-D overestimates depressive symptoms 
in a sample with a high prevalence of diseases (e.g. older adults), although this is refuted by 
Beekman et al. (60). Furthermore, when using a cut-off score of ≥ 16, no distinction can be 
made in depression severity or depression course. Depression is a heterogeneous disease, 
and people can be diagnosed with a major depression, while having ambiguous (e.g. weight 
loss versus weight gain) symptoms. Despite the analysis in TNHS, where a distinction was 
made concerning the course of depression (one time/remitted depression, incident depres-
sion, chronic/recurrent depression), in this thesis the heterogeneity of depression was not 
taken into account.
Recently, 7 depression instruments, including the CES-D, were compared and low over-
lap between the depression scales was found. This may result in substantial heterogeneity 
concerning the depressive syndrome in depression research, causing a threat for the gener-
alizability of depression studies (61).
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Assessment of diabetes mellitus
In general, in the present thesis determinants and/or severity of diabetes mellitus (insulin 
use, microvascular complications, diabetes mellitus duration, insulin resistance, hbA1c) was not 
taken into account. However, it is possible that diabetes mellitus severity is associated with 
depressive symptoms and with higher mortality rates. In addition, in LASA type of diabetes 
mellitus was not specified. However, as LASA is a community-based cohort of older adults, 
it is expected that 90% of the people with diabetes mellitus, had type 2 diabetes mellitus. 
Furthermore, because in LASA fasting glucose and/or oral glucose tolerance were both not 
determined, people with prediabetes (impaired fasting glucose, impaired glucose tolerance) 
could have been categorised in the no diabetes groups.

Assessment of serum 25-hydroxyvitamin D
Method-related differences in serum 25(OH)D concentrations were found by the Interna-
tional Vitamin D Quality Assessment Scheme (DEQAS), which raises concerns regarding the 
comparability of the different assays (62). In a study that investigated measurement of serum 
25(OH)D concentrations, prevalence of serum 25(OH)D level < 50 nmol/l varied from 12% 
to 41%, depending on the type of assay used and the laboratory undertaking the analysis (63). 
Nowadays, the liquid chromatography-mass spectrometry (LC-MS/MS) is the gold standard. 
However, between laboratories using assays based on the LC-MS/MS method, considerable 
differences were found in serum 25(OH)D concentrations (prevalence of serum 25(OH)D 
concentration < 50 nmol/l: 12% - 24%) (63). In this thesis, only in the TNHS serum 25(OH)
D levels were measured according to the gold standard.

Hypothesised models - correlation versus causality
In an overall model, we hypothesised that vitamin D supplementation would positively affect 
glycaemic control, inflammation, endothelial dysfunction, atherosclerosis, cardiovascular dis-
ease, and protect against (ischemic) damage to neurons (see introduction), and so would 
improve physical health and mental health in people with type 2 diabetes mellitus.
Although observational (cross-sectional and longitudinal) studies have shown a link between 
low vitamin D status and these mentioned mechanisms/conditions, intervention studies 
(including our SUNNY trial, chapter three and four), showed no effect of vitamin D supple-
mentation (64-69). Autier and coworkers (65) reviewed 290 prospective cohort studies 
and 172 randomised trials related to disease risk and inflammation, and found discrepancies 
between the results from observational studies and the results from intervention studies. 
They suggest that low serum 25(OH)D concentrations are a marker of ill health as inflam-
matory processes associated with (chronic) diseases, can reduce serum 25(OH)D levels (65). 
Thus, possibly the link of low serum 25(OH)D levels with depression and health status (in 
people with type 2 diabetes mellitus) found in observational studies can be explained by a 
common risk factor: chronic diseases/inflammation (Figure 8.2). 
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Figure 8.2. Schematic representation of the hypothesis that low vitamin D status is a marker of ill health.

The inconsistencies between the results of observational studies versus intervention studies 
concerning the role of vitamin D on various health outcomes, including depression and health 
status, have also been suggested to be the result of low quality designs of the trials, including 
study population (incorrect sample size (no primary outcome), no participants with low 
serum 25(OH)D levels), measurements (serum 25(OH)D level, depression), intervention 
(incorrect dose), follow-up (too short to expect or detect an effect). In addition, in the 
majority of the clinical trials, except for depression, vitamin D was investigated as therapy for 
diseases. However, it is possible that vitamin D achieves its effect by prevention of diseases.

recommendations

Vitamin D supplementation
Current literature does not provide us with any certainty regarding the role of vitamin D 
supplementation for improving or preventing depression or poor health status (in people 
with type 2 diabetes mellitus). 
As we hypothesised that depression and poor health status (in people with type 2 diabetes 
mellitus) could be partially the result of physical limitations caused by micro- and macro-
vascular damage and/or chronic diseases, it is expected that by optimizing musculoskeletal 
health and reducing the risk and/or severity of diseases, depression and poor health status 
are improved as well (in the long-term) (70,71).
Interestingly, nowadays after the release of many vitamin D studies, expert opinions con-
cerning the optimal dose of vitamin D supplementation for both skeletal and non-skeletal 
health still diverge a lot. 

,
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Since 2010, different guidelines for vitamin D supplementation in the general population 
have been published (40,72-76). Most guidelines concluded that there is insufficient evidence 
to support vitamin D supplementation for prevention or treatment of extraskeletal health 
outcomes (40,73-76). The guideline for vitamin D supplementation from the Institute of 
Medicine (IOM) determined that a serum 25(OH)D level of 50 nmol/l is a adequate target 
for skeletal health outcomes, as it covers the need of 97.5% of the population. This corre-
sponds with 400-800 IU vitamin D/day under conditions of minimal sun exposure (40). In 
addition, The Dutch Health Council recommend a daily intake of 400-800 IU vitamin D/day 
(depending on age), to maintain serum 25(OH)D levels > 30 nmol/l (> 50 nmol/l for people 
> 70 year), when sun exposure is less than 15-30 minutes  per day (high standing sun) (75). 
In contrast, other experts claim that serum 25(OH)D level target values should be higher 
(> 75 nmol/l) for both musculoskeletal and non-skeletal outcomes (64,72). 
Important, the phrase “the more the better” does not apply for vitamin D supplementation 
as there is evidence concerning J or U shaped curves for the effect of 25(OH)D levels for 
some health outcomes, with risk at both low and high serum 25(OH)D levels (40,69). 
Until high quality clinical trials proof otherwise, a serum 25(OH)D target level of 50 nmol/l 
is advised to maintain skeletal health, and so mental and physical health (in the long-term). 
To achieve a serum 25(OH)D nmol/l near 50 nmol/l, 400-800 IU vitamin D/day is recom-
mended, depending on age, sun exposure and skin pigmentation.

Screening for depression (in diabetes mellitus)
Having depression, whether in coexistence with type 2 diabetes mellitus, is associated with 
excess mortality, especially in (older) males (chapter seven, 4,6,53-59). In addition, depression 
in diabetes mellitus is associated with 4.5 times higher health care cost (number concerns 
type 1 and type 2 diabetes mellitus) (77). In only one third of the cases, depression in diabetes 
mellitus was recognized and treated by non-psychiatric physicians (78). This raises the ques-
tion whether screening for depression in people with diabetes mellitus must be imbedded 
in regulatory diabetes mellitus care, and if so, how. 
The American Diabetes Association (ADA) (79) recommends screening for depression 
in people with diabetes mellitus at time of diabetes diagnosis, during regular consultation, 
and/or when diabetes specific problems or changes arise (79). No recommendations were 
given concerning depression screening in a specific population. When starting screening 
all people with diabetes mellitus for depression, it is expected that the group of people 
with mild depression will mainly increase (major depressive disorder is already recognized 
by the physician). It is known that 30-40% of the people with minor depression recover 
without intervention, and antidepressant effect is lower in those with less severe depres-
sion (80,81). Taking this into account, and to avoid false positive findings, and psychological 
and work burden of the patient and physician, screening for depression in all people with 
diabetes mellitus is not recommended. However, screening for depression in people with 
diabetes mellitus with an increased risk for depression is advised. Determinants (mainly 
cross-sectional) associated with depression in diabetes mellitus include microvascular and 
macrovascular complications, non-Dutch descent, female sex, stressful life events, insulin use, 
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non-cardiovascular comorbidity, adiposity, being single, physical inactivity, physical limitations, 
history of depression, and low education (70,82-86). In addition, screening can be performed 
during the standard diabetes care consultation by a diabetes nurse.
The ADA recommends screening for depression with the Patient Health Question-
naire-(PHQ)-2 and when positive the PHQ-9, and the Edinburgh Postnatal Depression 
Scale (EPDS) (79). Hermanns and coworkers (80) advise the World Health Organization 
(WHO)-5 Well-Being Index questionnaire, as it only compromises 5 questions, and because 
the questionnaire provides a continuous measurement of positive well-being and has an 
acceptable sensitivity to detect depression (80). In addition, to explore if therapy of depres-
sion should focus on specific determinants related to the diabetes mellitus, diabetes distress 
can be evaluated with the Problem Areas in Diabetes (PAID)-1 according to the ADA and 
Hermanns and coworkers (79,80). In addition, a short version of the SF-36, the SF-12, to 
monitor overall health status can be used, which is probably easier to introduce than a 
depression questionnaire. The mental summary component of the SF-12 appeared to have 
acceptable results for detecting depressive disorders (87).  
Importantly, it is ineffective to screen for depression or poor health status in absence of an 
evidence-based structured approach for the management of these conditions (80). 

Management of depression (in diabetes mellitus)
The model of collaborative care provides guideline-based, structured and patient-orientated 
management of disease by physicians, (specialized) nurses, and other professionals, at the 
level of primary care.  
A single-blind, randomised, controlled trial, conducted in 214 individuals with depression 
and poorly controlled diabetes mellitus, coronary heart disease, or both, derived from 14 
primary clinics, found that 12-month collaborative care improved depression symptoms, 
quality of life, and medical outcomes associated with mortality, including HbA1c levels, LDL 
cholesterol levels, and systolic blood pressure compared to usual care. In addition, people 
in the intervention category were more likely to have adjustments of medication (insulin, 
antidepressants, and antihypertensives) (88). The intervention program combined self-care 
support and prescription of medicines for controlling depression (citalopram or bupropion), 
hyperglycaemia (metformin), hypertension (diuretics and angiotensin-converting enzyme 
inhibitors), and hyperlipidemia (statins). Furthermore, medication adherence, and self-care 
strategies (exercising, measuring blood glucose) were ensured by trained nurses.

It is recommend that people with depression (and diabetes mellitus), should receive a col-
laborative step care approach (79,80,89). A step care approach aims to provide the most 
effective but least resource-intensive therapy depending on the severity of the disease and/
or reaction on treatment. 
It is not clear if the collaborative step care approach is (cost-) effective in Dutch people 
with coexisting depression and diabetes mellitus. However, in the USA, collaborative care in 
people with depression and diabetes mellitus appeared to be cost-effective compared to 
usual care, over a 2-year period (90). 
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Concerning treatment of depression in people with diabetes mellitus for reducing mortality, 
the 2012 Cochrane review concluded that this outcome was not sufficiently investigated due 
to low quality trials and heterogeneity (91). In 2016, Bogner and coauthors (92), found that 
treating depression by depression care managers and primary care physicians according to 
a comprehensive depression management program and an algorithm for pharmacological 
treatment of depression, resulted in lower mortality rates over 2 years, compared to usual 
care, in older primary care patient with coexisting major depressive disorder and diabetes 
mellitus (HR 0.47, 95%CI: 0.24 to 0.91) (92). 

future perspectives

Clinical trials - vitamin D supplementation 
Whether low serum 25(OH)D levels are a biomarker for ill health or play a causal role in 
the development of conditions including depression and poor health status, is not clear, and 
high quality clinical trials are necessary. It is expected that results from five large (n = 2150 
to 20,000) randomised-controlled trials with a follow-up of 3 to 10 years and high doses 
of vitamin D in people > 50 years will bring clarity concerning the role of vitamin D. Main 
outcomes of the trials include incidence of cancer, cardiovascular diseases, diabetes mellitus, 
fractures, infections, blood pressure, longevity, and also depression, cognitive function, and 
physical disability (93). An overview of the five trials is presented in the paper by Kupfer-
schmidt (93). Pilz (94) and Bolland et al. (69) warn for the claim that these ongoing trials 
will provide all answers to the current research questions about vitamin D (69) as the trials 
included people irrespective of their serum 25(OH)D level (69,94). 

The results of the D-Vitaal study are also to be expected soon. The D-Vitaal study is a ran-
domised, double-blind, placebo-controlled trial of daily 1200 IU vitamin D versus placebo for 
1 year, in older adults with serum 25(OH)D levels between 15 and 50/70 nmol/l (depending 
on the season), with incident depressive symptoms (measured with the Centre for Epide-
miological Studies Depression Scale) as the primary outcome. Health status, assessed with 
the SF-36, and major depressive disorder are secondary outcomes (95). 

Focusing on the vascular depression hypothesis in people with type 2 diabetes mellitus; it 
would be interesting to conduct a randomised placebo-controlled trial of vitamin D supple-
mentation in people with type 2 diabetes mellitus, low 25(OH)D levels (< 50 nmol/l), and 
no history of depression or antidepressant use, with incident depression and health status 
as the outcome, while taking functional limitations, skeletal and muscle health, inflammation, 
degree of neuropathy and the other microvascular complications, and neuropsychological 
function, and severity of white matter intensities as possible mediators into account.
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Obesity and serum 25(OH)D levels
Obese people (BMI > 30 kg/m2) on average have lower 25(OH)D levels and higher serum 
parathyroid hormone (PTH) concentrations compared with people with a BMI < 25 kg/
m2 (96,97). Worstman et al. (96) investigated whether obesity influences the production of 
vitamin D by the skin and the absorption of vitamin D from the intestine and found that a 
higher BMI was associated with lower serum 25 hydroxyvitamin D3 after UV-B irradiation (r 
= -0.55). In addition, after vitamin D2 (50,000 IU) intake, higher BMI was also correlated with 
a lower peak serum vitamin D2 concentrations (r = -0.56) (96). Unfortunately, no serum PTH 
levels were measured. In 2015, a Dutch cross-sectional study investigated if thresholds for 
serum 25(OH)D concentrations varied in those with a high BMI (> 25 kg/m2) versus a low 
to normal BMI (< 25 kg/m2) in older adults with a mean age of 75 ± 6.5 years. In contrast 
to expected, the authors found that, on average people with a high BMI had lower thresholds 
compared to people with a low to normal BMI with respect to different health outcomes 
(including cardiovascular diseases, recurrent falling, and hypertension). Thus in people with a 
high BMI, when the risk for the outcome or outcome value starts to level off, serum 25(OH)
D level is lower, compared to people with a low to normal BMI (98).
In the future, clinical trials that investigate the dose-response relation of vitamin D supple-
mentation in obese people are necessary. Potentially, a posthoc subgroup analysis for BMI 
can be performed in the previously mentioned ongoing clinical trials.

Role of physical activity
One of the main risk factors for causing and progressing type 2 diabetes mellitus is a sed-
entary lifestyle. Regular physical activity can prevent or delay the development of type 2 
diabetes mellitus, and physical activity in type 2 diabetes mellitus improves blood glucose 
control, lipids, blood pressure, physical characteristics, cardiovascular events and mortality 
(99,100). In addition, although the underlying mechanisms are unclear, it is stated that exercise 
can decrease depressive symptoms (101). Moreover, exercise appeared to be as beneficial 
as psychotherapy and treatment with anti-depressant medication (101). Taken together, it is 
hypothesised that regular physical activity will contribute to the prevention and treatment 
of depression in type 2 diabetes mellitus. As there is limited evidence on the influence of 
regular physical activity on the prevention and treatment of depression in people with type 
2 diabetes mellitus, it would be interesting to perform a randomised control trial concerning 
the effect of regular physical activity (versus usual care) on depressive symptoms and incident 
depression in people with type 2 diabetes mellitus, with and without depression, respectively.
 
Depression as a microvascular complication of diabetes mellitus
In current literature there is evidence of a bidirectional relation between depression and type 
2 diabetes mellitus (71,102-104). Although there are overlapping pathophysiological mech-
anisms between depression and type 2 diabetes mellitus, exact causes for the development 
of one of the diseases, when having the other, are not clear (105,106). In future research, 
longitudinal studies with multiple measurements over time, taking various psychosocial, neu-
robiological, behavioral, and genetic factors into account, are necessary to understand the 
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bidirectional relation between depression and type 2 diabetes mellitus.
The thesis of, van Sloten and colleagues (107) reported that arterial stiffness and endothelial 
dysfunction were associated with cerebral microvascular dysfunction, and that cerebral small 
vessel disease was associated with incident depressive symptoms, supporting the vascular 
depression hypothesis (107-110).
Research concerning vascular depression is usually conducted in older adults, but not specific 
in people with diabetes mellitus (111). Bruce et al. (112) found that cerebrovascular risk 
factors were significant predictors of depression in older (> 75 years) people with diabetes 
mellitus (112). Type 2 diabetes mellitus leads to endothelial dysfunction via formation of 
advanced glycation end products (AGEs) and increased oxidative stress. Therefore, also in 
younger people with type 2 diabetes mellitus a role of cerebral microvascular dysfunction 
as contributing factor for depression is hypothesised (113).  In addition, AGE accumulation 
in the skin appeared to be associated with increased depressive symptoms and depressive 
disorder in cross-sectional analysis (114).
First, longitudinal studies are needed to determine if cerebral microvascular damage indeed is, 
and when so, to what extent, a factor for depression in younger people with type 2 diabetes 
mellitus. Second, it would be relevant to investigate if there is a matching clinical syndrome, 
including specific depressive symptoms, or depression symptom clusters (somatic, cognitive), 
and if there is overlap with other microvascular complications (e.g. albuminuria as predictor 
for depression etiology in people with diabetes mellitus). Last, the (cost-) effectiveness of 
intensive prevention/therapy targeted on vascular health should be evaluated. Interventions 
for vascular health include improving physical activity, diet, intensified regulation of hyperlipid-
emia, hypertension and hyperglycaemia (e.g. via better medical adherence) (115). In addition, 
it is suggested that antagonist of the renin-angiotensin system, or anti-inflammatory drugs 
can maintain vascular health (116).

Possibly, results from the Maastricht study will provide us with answers. The Maastricht study 
is a longitudinal cohort study of 10,000 people aged 40-75 years, which started in November 
2010 with the aim to bring clarity concerning the development and pathophysiology of type 
2 diabetes mellitus and other chronic diseases, including depression and cognitive decline. In 
the Maastricht study depression status is determined by questionnaire and with a structured 
interview performed by trained investigators. Furthermore, cerebral small vessel disease will 
be evaluated using magnetic resonance imaging, and structure of the microvasculature and 
endothelium of the skin and retina will be assessed. Results from longitudinal analyses are 
expected around 2020.

Depression, diabetes mellitus and mortality
Different research questions and hypotheses can be created when interpreting the results 
from the LASA cohort including: 1) why have males with a CES-D ≥ 16 a higher mortality rate 
compared to females with a CES-D ≥ 16, leading to question 1a) are there different causes for 
depressive symptoms in males and females, 1b) are the consequences of depression different 
in males and females, and 1c) what are the causes of death in males and females with depres-
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sive symptoms, 2) why are the mortality rates of people with depression and diabetes higher 
compared to the sum of the mortality rates of both individual diseases, is it a) that depression 
in diabetes mellitus is a marker is for diabetes/chronic diseases severity (including vascular 
depression hypothesis), b) that depression in diabetes mellitus results in poor self-care, and/or 
3) that there is a biological interaction between depression and diabetes mellitus.

First, our study should be repeated, using an oral glucose tolerance test and fasting glucose to 
correctly diagnose diabetes mellitus, impaired glucose metabolism (IGM) or a normal glucose 
metabolism. Ideally, depression (minor and major) will be diagnosed by a professional, and 
also chronicity of depression should be taken into account. Next, it would be interesting to 
evaluate which of the depressive symptoms, symptom clusters, or type of depression (atypical, 
melancholic) are associated with mortality, and if this explains the sex differences in mortality 
risk. To get a better understanding of the pathophysiology, causes of death should be explored.
Preliminary results of analysis in THS study in which type 2 diabetes mellitus and IGM were 
determined via an OGTT and/or fasting glucose showed that mortality risks for IGM (plus 
depression) were between the mortality risks of NGM (plus depression) and type 2 diabetes 
mellitus (plus depression). However, the role of sex could not be explored due to the small 
number of participants. Combining data of THS with TNHS is planned. Unfortunately, depres-
sive symptoms were assessed with the CES-D. Given enough power, increased depressive 
symptoms can be categorised in clusters (e.g. somatic or cognitive). 
In addition, due to side effects of antidepressants, as described above, interference of antide-
pressant use in the relation between depression and mortality should be explored.
Again, our hypothesis is that depression, when it develops secondarily to type 2 diabetes 
mellitus, results partly from cerebral microvascular damage. In contrast, depression, incurred 
before the development of type 2 diabetes mellitus, has (for the most part) another origin. 
Reasoning, people in the first group are more “ill” than people in the second group, and higher 
mortality rates are expected for this group. For further research in people with coexisting 
depression and diabetes mellitus, it would be interesting to categorize people with coexist-
ing depression and diabetes mellitus according to the course of the development of both 
diseases, or when available, according to the results of neurophysiologic evaluation and/or 
cerebral small vessel disease. Probably these suggestions can be executed using data from 
the Maastricht Study.

Last, the effect of collaborative stepped care on adverse outcomes including diabetes-specific 
complications and mortality rates should be explored, separately for sex. In the future, individ-
ualized treatment of depression (e.g. according to having diabetes mellitus/history of vascular 
diseases, type of depression (atypical versus melancholic), or sex), leading to higher rates 
of depression remission, better quality of life, and possibly less adverse outcomes including 
mortality, should be pursued. To achieve “personalized depression treatment” first a better 
understanding of the pathophysiology of depression (and corresponding clinical syndrome) is 
needed. However, that depression is a multifactorial disease should be kept in mind, and treat-
ing depression only according to the corresponding (neuro) biological cause is not desirable.
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conclusions

In this thesis the role of vitamin D on depression and health status in people with type 2 
diabetes mellitus was investigated. In cross-section analysis no association between serum 
25(OH)D level and depression or health status was found in people with type 2 diabetes 
mellitus. Trends for an inverse association between baseline serum 25(OH)D levels and the 
course of depression (one time/remitted depression, incident depression, chronic/recurrent 
depression, together any depression), with the strongest trend for chronic/recurrent depres-
sion were found in longitudinal analyses. Furthermore, the relation between low serum 
25(OH)D level and any depression appeared to be stronger in those with of type 2 diabetes 
mellitus compared to those with a normal glucose metabolism (synergistic interaction). How-
ever, last two observations strongly weakened after correction for BMI and physical activity. 
In the addition, six months of vitamin D supplementation did not improve glycaemic control 
or health status in people with well-controlled type 2 diabetes mellitus. 
Findings from this thesis do not support the hypothesis that (low) serum 25(OH)D level 
is causally related to depression, health status or glycaemic control in people with type 2 
diabetes mellitus. In current literature there is a remarkable discrepancy between obser-
vational studies and intervention studies concerning the relation between vitamin D and 
various health outcomes, including depression, health status, glycaemic control, inflammation 
and cardiovascular diseases. Whether this is the result of the poor design of the clinical trials 
or whether serum 25(OH)D level is just a marker of ill health and associated lifestyle habits 
has to be answered by ongoing clinical trials.
In the second part of this thesis, sex differences in the association between depression, 
diabetes mellitus, and the coexistence of these two diseases, with mortality were explored. 
First, in males, but not in females, having depression was associated with mortality. Second, 
depression without diabetes mellitus and diabetes mellitus without depression had a compa-
rable mortality risk, only in males. Furthermore, only in males coexistence of depression and 
diabetes mellitus was associated with a mortality risk beyond that of depression or diabetes 
mellitus alone. Future research should focus on the causes and consequences of elevated 
depressive symptoms, and cause of death, apart for males and females. In addition, research 
concerning the development of depression in people with type 2 diabetes mellitus (the vas-
cular depression hypothesis) and accompanying clinical (depression) syndrome/type should 
be performed. Next, interventions including physical activity programs and collaborative 
step care for the prevention of depression and adverse health outcomes including mortality, 
respectively, in people with type 2 diabetes mellitus, should be evaluated.
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Summary

summary

In this thesis we hypothesised that vitamin D supplementation in people with type 2 dia-
betes mellitus positively affects physical and mental health via the prevention/reduction of 
micro- and macrovascular damage, and improvement of glycaemic control (see introduction 
Figure 1.2). 
Therefore, the association between low serum 25(OH)D level and depression and health 
status in people with type 2 diabetes mellitus was investigated in this thesis. Also, the effect 
of six months of vitamin D supplementation on health status and glycaemic control was 
tested (part I). 
Furthermore, as determinants of depression and diabetes mellitus appeared to be sex-de-
pendent (see introduction), in part II, sex differences in the associations between depression, 
diabetes mellitus and the coexistence of these two diseases with mortality were explored.

main findings

part i - vitamin d

The SUNNY trial is a six months during randomised, double-blind, placebo-controlled clinical 
trial, with the primary aim to examine the effect of vitamin D supplementation on glycaemic 
control in people with type 2 diabetes mellitus managed with diet and/or oral antidiabetics. 
One of the secondary outcomes was (change in) health status measured with the MOS 
36-item Short-Form Health Survey (SF-36). Of the 300 adults with type 2 diabetes mellitus, 
recruited from general practices, 275 people were randomised to an oral dose of cholecal-
ciferol 50,000 IU or an identically looking placebo once a month. 

Health status (Chapters two and three)
In chapter two of this thesis, using baseline data of the SUNNY trial, the cross-sectional 
associations between low vitamin D status (serum 25(OH)D level < 50 nmol/l) and health 
status were investigated. From the 275 people randomised in the SUNNY trial, 241 partic-
ipants completed a baseline SF-36 questionnaire. Low vitamin D status appeared not to be 
associated with low physical or mental health.
Subgroup analysis in people with reduced SF-36 domain scores or with a poor glycaemic 
control (HbA1c ≥ 53 mmol/mol, ≥ 7.0%) did not alter the results. 
Six months from baseline, 187 people from the 241 people who completed a baseline SF-36, 
finished a second SF-36. Despite nearly doubling of the serum 25(OH)D levels (from 58.8 
to 106.0 nmol/l) in the intervention group, no improvement in the SF-36 domain scores was 
observed after six months of vitamin D supplementation, compared to placebo (chapter 
three). Subgroup analysis in people with low vitamin D status (serum 25(OH)D level < 50 
nmol/l) at baseline did not change the results.
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Glycaemic control (Chapter four)
In chapter four the effect of six months of vitamin D supplementation on glycaemic control 
(primary outcome of the SUNNY trial) was investigated. In the intervention group serum 
25(OH)D level increased from 60.6 nmol/l on baseline to 101.4 nmol/l after six months of 
vitamin D supplementation. No effect of vitamin D supplementation was seen on HbA1c, 
insulin resistance (homeostasis model assessment), fasting insulin or fasting glucose. Here also, 
subgroup analysis in people with a low vitamin D status or in people with a poor glycaemic 
control did not alter the results. 

Depression (Chapters five and six)
Whether low serum 25(OH)D level was a mediator in the relation between type 2 dia-
betes mellitus, or impaired glucose metabolism (IGM) and elevated depressive symptoms 
(Center for Epidemiologic Studies Depression Scale [CES-D] ≥ 16) was investigated in 527 
Caucasian people, aged 60-87 years derived from the prospective cohort the Hoorn Study 
(THS) (chapter five). Findings from cross-sectional analysis showed that females with IGM 
and people with type 2 diabetes mellitus had a three times increased risk for depressive 
symptoms compared to people with normal glucose metabolism in unadjusted analyses. In 
addition, serum 25(OH)D levels tended to be lower in people with type 2 diabetes mellitus 
or IGM. However, to be a mediator, it is required that serum 25(OH)D levels are associated 
with depression, which was not the case.
In the New Hoorn Study (TNHS) the relation between serum 25(OH)D level and the 
course of depression (one time/remitted depression, incident depression, chronic/recurrent 
depression, versus no depression) was assessed in 1559 people aged 40-66 years, who 
participated at baseline and at follow-up (median follow-up 7 years) (chapter six). Course 
of depression was based on a self-reported history of depression and follow-up Centre for 
Epidemiologic Studies (CES-D) score (cut-off ≥ 16). In addition, we tested whether there 
was an interaction of type 2 diabetes mellitus in the relation between low 25(OH)D levels 
and depression, hypothesising a stronger relation between low serum 25(OH)D level and 
depression in people with type 2 diabetes mellitus, compared to those with a normal glucose 
metabolism. As there was a small number of people with type 2 diabetes mellitus per course 
of depression, the “any depression” group included all patients with a depression, whether 
depression on baseline and/or follow-up. 
In the general population, serum 25(OH)D level was non-significant inversely associated with 
the course of depression, with the strongest trend for chronic/recurrent depression (31% 
increased risk per 20 nmol/l decrease in serum 25(OH)D level). In addition, a statistically 
significant stronger association between serum 25(OH)D level (per 20 nmol/l decrease) and 
risk for any depression was found in people with type 2 diabetes mellitus (65% increased risk) 
compared to those with a normal glucose metabolism (17% increased risk). These findings 
were however largely explained by BMI and physical inactivity. 
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Summary

part ii – mortality

In chapter seven, using data from the Longitudinal Aging Study Amsterdam (LASA) sex dif-
ferences in the associations between depression, diabetes mellitus and coexisting depression 
and diabetes mellitus with mortality were explored. Clincially relevant depressive symptoms 
were assessed with a CES-D ≥ 16. Depression was associated with increased mortality 
rates in males, but not in females. In addition, in males, mortality risk for depression did not 
differ from the mortality risk for diabetes mellitus. Last, in males, having both diseases was 
associated with mortality risks beyond that of having depression or diabetes mellitus alone, 
in females mortality risk for having both diseases was only beyond that of having depression 
alone. 

conclusions, recommendations and future perspectives

This thesis does not support the hypothesis that (low) vitamin D status is causally related 
to depression, health status or glycaemic control in people with type 2 diabetes mellitus. In 
current literature, there is disparity between results from observational studies and interven-
tion studies regarding the link between vitamin D and health outcomes, including depression, 
glycaemic control, cardiovascular diseases and inflammation. This can be caused by poor 
design of the clinical trials. It is however also possible that low serum 25(OH)D levels are 
a marker of ill health, as it appeared that inflammation, and associated chronic diseases, can 
lower serum 25(OH)D levels. Thus that low serum 25(OH)D levels and a reduced mental 
and/or physical health are related via a common risk factor: chronic diseases/inflammation. In 
addition, poor mental and physical health can additionally cause low serum 25(OH)D levels 
via poor lifestyle habits, such as poor diet and physical inactivity leading to less sun exposure.
The question whether low serum 25(OH)D level is a marker for ill health or contribute to 
the development of diseases, including depression, has to be answered by five large ongoing 
clinical trials. To preserve skeletal health, and so mental and physical health (in the long-term), 
a serum 25(OH)D target level of 50 nmol/l is recommended. This corresponds with 400-800 
IU vitamin D per day, depending on age, sun exposure and skin pigmentation.
Future research should focus on the contribution of physical activity in the prevention and 
treatment of depression in people with type 2 diabetes mellitus. In addition, studies are 
needed to determine the role of cerebral microvascular damage in the development of 
depression in type 2 diabetes mellitus. Furthermore, our study concerning sex differences 
in the association between depression, diabetes mellitus and the coexistence of these two 
diseases with mortality, should be repeated, with higher methodological quality concerning 
the determination of depression status, prediabetes and diabetes mellitus. Also, heteroge-
neity of depression (chronicity, syndrome/type, onset before/after onset of diabetes mellitus) 
should be taking into account. 
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Dankwoord (Acknowledgements)

dankwoord (acknowledgements)

Sinds dr. Simsek, Suat, mij in november 2011 betrok in de SUNNY trial, heb ik veel wijze, 
behulpzame en intrigerende mensen mogen ontmoeten. Eindelijk is het moment daar om 
al deze mensen (ik hoop dat ik niemand vergeet) te bedanken.

Vanzelfsprekend is de eerste die ik wil bedanken, dr. Simsek, mijn copromotor en diegene 
die mijn promotie mogelijk heeft gemaakt. Suat, laat ik beginnen bij het begin. Bedankt dat 
jij op maandag 21 november 2011 (met hoge uitzondering) de deuren van jouw polikamer 
opende voor mij (toen als junior coassistent) en mij enthousiast maakte voor de SUNNY 
trial. Bedankt, dat jij, toen twee jaar later, tijdens mijn wetenschappelijke stage, mij motiveerde 
om mijn stage uit te breiden tot een promotietraject. Bedankt, dat jij, weer een jaar later, in 
mij geloofde en het voor mij mogelijk maakte om een jaar lang fulltime te werken aan mijn 
promotie in het ziekenhuis in Alkmaar. En verder; bedankt voor jouw support rondom mijn 
sollicitatie voor de opleiding interne geneeskunde (“rug recht”), jouw interesse in mij als per-
soon, voor alle interessante mensen aan wie jij mij hebt voorgesteld, de fijne begeleiding met 
de zeer, zeer frequentie supervisiemomenten, dat jij al jouw interessante onderzoeksideeën 
met mij hebt willen delen en vooral bedankt voor jouw menselijkheid. Ik hoop dat er in de 
toekomst nog meer mensen onderzoek kunnen doen onder jouw supervisie in Alkmaar.

Prof. dr. F. Pouwer, promotor, beste Frans, tijdens ons eerste “DiaDep” overleg was ik direct 
enthousiast over de samenwerking. Jij bracht jouw brede kennis ten aanzien van depressie 
en de link tussen depressie en diabetes mellitus mee. Dit leidde in onze (altijd langdurige) 
DiaDep overleggen, tot vele ideeën voor nieuw onderzoek. Gedurende deze overleggen 
bloeide ik altijd op (“Ik blijf voor altijd onderzoek doen!”) en had ik weer vele handvatten om 
aan de slag te gaan. Daarnaast heb ik altijd je eerlijke en kritische feedback gewaardeerd en 
heb ik respect voor zowel jouw inhoudelijke als epidemiologische kennis. Ik heb veel van jou 
geleerd. Bedankt, dat jij, ook nog vanuit Denemarken, mijn eerste promotor hebt willen zijn.

Prof. dr. P. Lips, beste Paul, jij kwam wat later bij het promotieteam, als de vitamine D specialist 
en mijn tweede promotor. Ik ben vereerd dat ik een van jouw (laatste) promovendi heb 
mogen zijn. Met jouw ervaring en brede (wetenschappelijke) kennis bracht jij een mooi even-
wicht in het promotieteam. Specifiek waardeer ik jouw manier van feedback geven, waarin 
jij de essentie van een stuk beoordeelt en tegelijkertijd de stijl van de schrijver in ere houdt.

Yvonne, jou wil ik ook heel erg bedanken. Ik waardeer het heel erg hoe jij mij betrok bij de 
SUNNY trial: eerst als junior coassistent en later als wetenschappelijk stage student. Ik heb 
veel van jou geleerd, van behoorlijk Engels schrijven tot aan de ongeschreven regels die horen 
bij onderzoek doen. Ik wil je bedanken voor jouw vertrouwen en ook voor jouw gulheid. Ik 
weet zeker dat je een hele goede endocrinoloog wordt.
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De leescommissie, bestaande uit  prof. dr. J.A. Romijn, prof. dr. B.W.J.H. Penninx, prof. dr. M. 
Nieuwdorp, prof. dr. V.J.M. Pop en dr. P.H.L.M. Geelhoed-Duyvestijn, wil ik bedanken voor 
het beoordelen van mijn proefschrift.

Grote dank aan alle mensen die hebben deelgenomen aan de SUNNY trial, The Hoorn Study, 
The New Hoorn Study en The Longitudinal Ageing Study Amsterdam.

Veel dank aan alle mensen die hebben meegewerkt aan de SUNNY trial; de huisartsen en dia-
betesverpleegkundigen van huisartsenpraktijk De Mare, Kemper & Oldenburg huisartsen,  
huisartsenpraktijk ’t Rak, de Bergense huisartsen en huisartsenpraktijk Neve en Zonneveld, 
en de medewerkers van het klinisch chemisch laboratorium in Alkmaar, in het bijzonder 
Edwin, Marianne en Margreet.

Ook wil ik dr. F. Stam, voormalig opleider Interne Geneeskunde van het NWZ locatie 
Alkmaar en coauteur, bedanken. Beste Frank, jij bent (helaas) nooit officieel mijn supervisor 
of opleider geweest. Ik heb het heel erg gewaardeerd hoe jij met mij hebt meegedacht en 
meegeleefd het afgelopen jaar.

Verder wil ik de medewerkers van de Noordwest Academie bedanken, waaronder Jeroen 
Doodeman, Marjanne van der Weide, Josephine Ariaansz en Willemijn Guldenaar. Willemijn 
ik vond het heel erg gezellig en leerzaam om naast mijn onderzoek, met jou de coassistenten 
te begeleiden. Ik vind je een top docent; duidelijk, en tegelijkertijd lief en geduldig.

Beste coauteurs, bedankt voor jullie feedback en fijne samenwerking! Speciale dank aan 
prof. dr. A.T. Beekman, prof. dr. D.J.H. Deeg, en dr. H.C. Comijs; Aartjan, heel erg bedankt 
voor onze vruchtbare besprekingen en jouw meedenken. Hannie, bedankt voor de kritische 
blik, door jouw feedback is het stuk van LASA naar een hoger niveau getild. Dorly, bedankt 
dat jij jouw kennis van de epidemiologie met mij hebt willen delen, ik vond het heel erg 
prettig om met jou samen te werken. Daarnaast wil ik prof. dr. J.M. Dekker en dr. F. Rutters 
bedanken: Jacqueline, erg leuk dat wij een klein deel van onze coschappen samen hebben 
gelopen en nu ook coauteurs zijn! Bedankt dat jij het voor mij mogelijk maakte om snel met 
de data van The Hoorn Study aan de slag te gaan, daarnaast bedankt voor de tussentijdse 
overlegmomenten, deze waren altijd erg duidelijk en to the point. Femke, jou wil ik bedanken 
voor de fijne samenwerking en de kritische blikken op mijn stukken. Beste dr. R. de Mutsert, 
Renée, bedankt voor het warme welkom bij de NEO studie. Helaas is het niet gelukt om het 
NEO-artikel in mijn proefschrift te verwerken. Ik wil je bedanken, in onze overlegmomenten 
heb ik veel van je geleerd, dat heeft zeker invloed gehad op mijn proefschrift. Het NEO stuk 
gaat er zeker ook komen.

Tjeerd van der Ploeg en Marieke ter Wee, heel erg bedankt voor de statistische begeleiding. 
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Dankwoord (Acknowledgements)

Ellis Mooiweer en Camille Top, leuk dat jullie een wetenschappelijke stage in Alkmaar hebben 
gedaan/doen. Ik vond het erg leerzaam om jullie (gedeeltelijk) te hebben mogen begeleiden; 
mooi resultaat is onderweg.

Beste Evelien Jagtman, heel erg bedankt voor het ontwerpen van mijn kaft en de lay-out. Ik 
vind het heel erg mooi en “kloppend” geworden. Speciale dank voor jouw flexibiliteit (het 
was allemaal erg last-minute). 

Lieve collega’s van het NWZ waarmee ik op de kamer heb mogen vertoeven afgelopen jaar: 
Charlotte, Inge, Nina, Marielle, Ilhame, Michelle, Paul, Merel, Hanneke, Emma, Jolanda en nog 
vele anderen: bedankt voor jullie gezelligheid, betrokkenheid, en het delen van interessante 
casuïstiek uit de kliniek die mijn hart af en toe sneller deed doen kloppen.  Speciale dank 
aan mijn medeonderzoekers: Eline Houben en Daan van Velzen. Eline, zo fijn was het om zo 
nu en dan met jou over de liefde en leed van “onderzoek doen” te hebben kunnen spuien. 
Ik heb respect voor jouw harde werken en doorzettingsvermogen; ik weet zeker dat jouw 
proefschrift er ook snel komt. Daarnaast dank aan Daan, mijn STATA hero. Ik vond het heel 
leerzaam, maar vooral ook heel gezellig om met jou te NEO-en en te STATA-en. Jij gaat nu 
onderzoek doen bij Suat; heel veel succes, jullie gaan vast een aantal mooie dingen schrijven.

Lieve Regina Westra, diabetes verpleegkundige in Alkmaar, tante, bedankt voor alle gezellige 
onderonsjes in het ziekenhuis en bedankt dat jij altijd naar mij wilde luisterde als ik even een 
onderzoeksdip had. 

Myrthe Nieuwenhuizen en Florine Sandkuijl, zo bijzonder dat jullie mijn paranimfen zijn! 
Lieve Myrthe, wist jij dat wij elkaar intussen als weer bijna 15 jaar kennen? Jij bent een top 
vriendin; bij jou voelt het gewoon altijd goed en ik kan dan ook altijd alles met jou delen, 
bedankt dat jij mijn paranimf wilt zijn! Lieve Floor, ook al woon jij sinds een paar jaar in Gro-
ningen, onze vriendschap wordt naar mijn gevoel alleen maar sterker. Ik kijk weken van te 
voren al uit naar onze “dates”, en wij zijn dan ook nooit uitgekletst. Ik vond het heel mooi om 
jouw getuige te mogen zijn op jullie bruiloft en vind het heel leuk dat jij nu mijn paranimf bent.

Lieve vrienden en (schoon)familie, heel erg bedankt voor jullie vertrouwen, positiviteit en 
interesse in zowel mijn onderzoek als mijn opleiding. Speciale dank voor Anouk, Anneke, 
Laurette, Evelien, Eske, Emie, Richelle, Nicolien, Nada en Loes; ik geniet altijd heel erg van 
onze wandelingen, etentjes, drankjes en escape rooms.
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Lieve Laszla en Peter, jullie zijn de beste schoonouders die iemand zich kan wensen! Las, ik 
vond het heel erg gezellig dat ik tijdens mijn wetenschappelijke stage bij jou op de kamer 
heb kunnen zitten. Bedankt voor jouw positiviteit als er iets tegen zat en het delen van 
jouw ervaringen betreffende “het doen van onderzoek”. Peter, bedankt voor de interessante 
gesprekken en tips betreffende politiek op de werkvloer. 

Allerliefste zusjes! Wat ben ik blij met jullie (en jullie geweldige kindjes), en wat baal ik dat 
jullie niet om de hoek wonen! Hoe moe of gestrest ik ook ben; jullie wil ik altijd zien. Bedankt 
dat jullie, ondanks jullie eigen drukke leven, onvermoeibaar geïnteresseerd zijn in dat van mij 
en er onvoorwaardelijk voor mij zijn. 

Lieve ouders, bedankt voor jullie onvoorwaardelijke steun en vertrouwen. Ik zou dit proef-
schrift niet hebben kunnen schrijven zonder jullie. Pap, jouw interesse in de wetenschap heb 
jij al sinds jongs af aan met ons gedeeld. Dat een correlatie niet willen zeggen dat er een 
causaal verband is weet ik sinds ongeveer mijn 3de levensjaar. Ik wil jou bedanken voor wat 
jij mij hebt meegegeven: interesse, kritisch zijn zonder direct te oordelen, en het belangrijkste: 
dat je altijd mag leren. Lieve mama, ik denk dat ik mijn liefde voor de zorg en patiënten van 
jou heb. Ik vind het altijd heerlijk om met jou te praten over onze ervaringen. Ik heb heel 
erg veel respect voor jouw harde werken en doorzettingsvermogen. Bedankt dat jij er altijd 
voor mij bent.

Allerliefste Gijs, waar moet ik beginnen? Ik vind het heerlijk om met jou samen te leven. Ik 
geniet ervan hoe wij ieder ons eigen drukke, ambitieuze leven (kunnen) leiden en elkaar 
zonder twijfel altijd weer vinden. Ik geniet van onze gesprekken in een door jou uitgezocht 
restaurant in Amsterdam aan het einde van onze werkweek, waaruit elke keer weer blijkt 
hoe goed jij mij eigenlijk kent en hoe goed onze bullshit radars op elkaar zijn afgestemd. 
Dat ik mijn proefschrift heb kunnen afmaken afgelopen jaar heeft mede te maken met jouw 
flexibiliteit, onbaatzuchtigheid, positiviteit, zorgzaamheid, vertrouwen en kennis van Word. 
(Shift enter, sorry schat). Heel graag word ik heel oud met jou; ik heb er vertrouwen in.


