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Introduction: Critical limb ischemia (CLI) patients are often of advanced age with reduced

health status (HS) and quality of life (QoL) at baseline. Physical health is considered as the

most affected domain due to reduced mobility and ischemic pain. QoL and HS are often used

interchangeably in the current literature. HS refers to objectively perceived physical, psy-

chological, and social functioning and in assessing QoL, change is measured subjectively and

can only be determined by the individual since it concerns patients’ evaluation of their

functioning. It is important to distinguish between QoL and HS, especially in the concept of

shared decision-making when the opinion of the patient is key. Goal of this study was to

examine and compare QoL and HS in elderly CLI patients in relation to the used therapy,

with a special interest in conservatively treated patients.

Methods: Patients suffering from CLI and ≥70 years old were included in a prospective

study with a follow-up period of 1 year. Patients were divided into three groups; endovas-

cular revascularization, surgical revascularization, and conservative therapy. The WHOQoL-

Bref was used to determine QoL, and the 12-Item Short Form Health Survey was used to

evaluate HS at baseline, 5–7 days, 6 weeks, 6 months, and 1 year.

Results: Physical QoL of endovascularly and surgically treated patients showed immediate

significant improvement during follow-up in contrast to delayed increased physical HS at 6

weeks and 6 months (P<0.001). Conservatively treated patients showed significantly improved

physicalQoL at 6 and 12months (P=0.02) in contrast to no significant improvement in physicalHS.

Conclusion: This study demonstrates that QoL and HS are indeed not identical concepts

and that differentiating between these two concepts could influence the choice of treatment in

elderly CLI patients. Discriminating between QoL and HS is, therefore, of major importance

for clinical practice, especially to achieve shared decision-making.

Keywords: critical limb ischemia, elderly, quality of life, health status

Introduction
Treatment outcome rates in critical limb ischemia (CLI) patients traditionally focus

on primary patency, limb salvage, and mortality.1 Reports on patient-reported out-

come measures (PROMS) appear to be an important primary endpoint in addition to

traditional outcome results. Especially in elderly patients with limited life expec-

tancy, these PROMS offer important information regarding the success of treatment

from a patient’s perspective and could help in shared decision-making.2,3

Functional status is used as a PROMS to assess patient’s daily activities and their

level of physical autonomy.4–8 The major disadvantage of functional status is that
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solely patient’s daily activities and their autonomy level are

assessed, without taking patients satisfaction with function-

ing into account. Another PROMS is quality of life (QoL),

a term that is used confusingly in the current literature.9–11

It is often interchangeably used with the term health status

(HS). HS refers to objectively perceived physical, psycho-

logical, and social functioning. We concur with the

WHOQOL (World Health Organization Quality Of Life)

group’s definition of QoL. They stated that QoL refers to

a patient’s experiences, beliefs, expectations, and percep-

tions regarding physical, psychological, and social function-

ing. In assessing QoL, change is measured subjectively and

can only be determined by the individual since it concerns

patients’ evaluation of their functioning.12

PROMS could help physicians in the treatment selection,

although revascularization is still considered as cornerstone

of the treatment.13,14 However, 50% of the elderly CLI

patients are deemed unfit or have unsuitable anatomical

lesions for endovascular or surgical procedures.13

Concerning the novel concept of “do no further harm”, con-

servative treatment may be an option in these elderly CLI

patients. To give this treatment option a chance in the therapy

schedule of elderly CLI patients, it is important to know the

subjectively measured QoL of these patients compared to the

objectively measured HS. The goal of this study was to

examine and compare QoL (WHOQoL-Bref) in relation to

HS (SF-12) in elderly patients suffering from CLI in relation

to therapy and especially conservative treatment.

Methods
Patient selection
The methods of this study were published previously.15 In

summary, patients suffering from CLI classified as

Rutherford 4–6 and ≥70 years old were included in two

hospitals (Amphia hospital and Bravis hospital, The

Netherlands) between January 2012 and February 2016 in

a prospective observational cohort study database. No ethi-

cal approval was necessary because treatment selection was

based on standard protocol without experimental treatments.

Only the follow-up and questionnaires were added to the

treatment, and informed consent was obtained and signed

before the treatment started. This statement was approved

by the medical ethical committee of the Amphia hospital.

Treatment selection
Vascular surgeons and certified interventionists determined

treatment of choice in a multidisciplinary vascular

conference. Patients were divided patients into three groups

according to the used primary treatment (endovascular

revascularization, surgical revascularization, and conserva-

tive therapy). Conservative treatment (non-revascularization

therapy) consisted of intensive wound care, pain control

with optimal pharmacological treatment, antibiotics if the

infection was suspected, and minor amputations, defined as

amputation below the ankle if necessary.16

Quality of life
QoL was measured using the WHOQOL-Bref question-

naire. This questionnaire was chosen because it could be

used in the whole population and correspond with the

subjective character of QoL.12 It contains 26 items with

a 5-point Likert type response scale, divided into four

domains (physical health, psychological health, social rela-

tionships, environment) and a general QoL facet.17 The

physical and psychological domain were analyzed in this

study (13 items), and scores in each domain are ranged

between 4 and 20. The physical health domain concen-

trates on questions about energy, sleep, pain, and mobility.

Psychological health contains questions about positive and

negative feelings, body image, and self-esteem.

Health status
The 12-Item Short Form Health Survey (SF-12) was used

to determine HS.18 The SF-12 is the short version of the

SF-36, used in the general population to assess HS, and

each domain is scored in a range between 0 and 100. The

SF-12 questionnaire consists of 12 questions that provided

information about physical and mental functioning.

Follow-up
Follow-up was performed at 1 week, 6 weeks, 6 months,

and 1 year after the initial therapy. The questionnaires

were completed either in the outpatient clinic or by tele-

phone interview.

Statistics
Statistical analyses were performed by using IBM SPSS

22.0. Analysis of variance was used to compare the three

groups. Linear mixed models were performed with five

time points to examine the outcome differences between

baseline and postoperative QoL and HS between the three

included treatment groups. The advantage of these meth-

ods was that cases with missing values could be included

and time effects could be modeled with greater flexibility.

Variables such as treatment modality, time of follow-up,
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and the interaction between these two variables were

examined. Significance was evaluated at P<0.05 after we

adjusted for multiple testing based on the false discovery

rate procedure.19 Pearson correlations were calculated

between QoL scores and HS scores at baseline. Common

variance of the two questionnaires was determined using

the scores of the Pearson correlation.

Results
A total of 387 patients aged >70 were diagnosed with CLI in

the inclusion period. One hundred and ninety-five patients

(50%) were included in this study. The other 192 patients

were excluded because of a primary amputation, recently

diagnoses malignancy, inadequate understanding of the

Dutch language, cognitive impairment or rejection to con-

tribute in the study. Patients were divided into three treatment

groups; endovascular revascularization (n=82), surgical

revascularization (n=67), and conservative treatment

(n=46). Baseline characteristics are presented in Table 1.

Physical domain
Pearson correlation was used to measure the correlation

between physical QoL domain and physical HS domain

and shows a moderate correlation of 0.66 with a common

variance of 45%. Table 2 presents the QoL and HS scores

of the physical domain. There was an immediate signifi-

cant improvement of physical QoL in patients undergoing

endovascular and surgical treatment at 5–7 days (P<0.001)

that persisted during the first year of follow-up. This effect

occurred in the physical HS domain at 6 weeks in surgi-

cally treated patients (P<0.001) and at 6 months in endo-

vascularly treated patients (P<0.001). Conservatively

treated patients reported a significant improved physical

QoL at 6 months (P=0.02) and 1 year (P=0.02). However,

physical HS showed no significant improvement in the

first year of follow-up in conservatively treated patients.

Psychological domain
Psychological QoL and psychological HS showed a moder-

ate correlation of 0.58 with a common variance of 34%.

Psychological QoL and HS scores are presented in Table 2.

Surgically treated patients reported an immediate, significant

improvement in both psychological QoL and psychological

HS. Endovascularly treated patients showed no significant

improvement in the psychological QoL domain. In contrast,

a significant improvement was found in the psychological

HS domain at 6 months (P=0.02), but this significant differ-

ence did not maintain at 1 year (P=0.07). Conservatively

treated patients showed no significant improvement in QoL

or HS regarding the psychological domain.

Discussion
The goal of this study was to examine and compare QoL and

HS in elderly CLI patients in relation to received treatment

Table 1 Baseline characteristics

Endovascular (n=82) Surgical (n=67) Conservative (n=46)

Sex (male) 45 (55) 44 (66) 21 (46)

Age (median) (IQR) 81 (10) 76 (8) 83 (9) *,#

Rutherford 4 22 (27) 36 (54) 6 (13) *,#

Rutherford 5/6 60 (73) 31 (46) 40 (87)

Comorbidity

Pulmonary comorbidity 54 (68) 28 (42) 26 (58) *

Cardiac comorbidity 62 (76) 36 (54) 36 (78) *,#

Neurologic comorbidity 23 (28) 19 (28) 21 (46) ^

Arthritis 21 (26) 17 (25) 20 (44) ^,#

Vascular risk factors

Hypertension 62 (76) 39 (58) 29 (64)*

Diabetes 49 (60) 22 (33) 23 (50)*

Renal impairment 55 (67) 23 (34) 33 (72)*,#

Current smoking 15 (19) 23 (34) 7 (16)*,#

Notes: Data are presented as n and (%), unless otherwise specified. Pulmonary comorbidity: asthma/chronic obstructive pulmonary disease. Cardiac comorbidity: angina/

myocardial infarction/heart failure/arrhythmias. Neurologic comorbidity: transient ischemic attack/cerebrovascular accident. *Significant difference between endovascular and

surgical treated patients (P<0.05). ^Significant difference between endovascular and conservative treated patients (P<0.05). #Significant difference between surgical and

conservative treated patients (P<0.05).
Abbreviation: IQR, interquartile range.
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and especially conservative treatment. According to our

results, important difference is present between subjectively

measured QoL and objectively measured HS. This difference

is especially important in the interpretation of the results of

conservatively treated patients. Conservative treatment sig-

nificantly improves subjectively measured physical QoL, but

did not significantly improve objectively measured physical

HS. It is important to guide clinical decision-making on the

subjective appraisal of health, especially in elderly patients.

Previous research conducted by Breek et al, demonstrated

different outcomes across multiple domains for patients suffer-

ing from intermittent claudication by comparing the

WHOQoL-100 and RAND 36-items health survey.9 This dif-

ference was explained by the subjective character of the QoL

concept in contrast to the objective character of the HS

concept.9,10 QoL focusses on the patient’s experiences, beliefs,

expectations, and perceptions and subjectively measures

patient’s well-being, while HS objectively assesses physical,

mental and social functioning. Some differences between

similar questions in the SF-12 and WHOQoL-Bref are pre-

sented in Table 3 and this contrast could also be explained

using the example of elderly patients using the stairs. While it

is true that not all elderly patients are able to use stairs, many of

these patients have no desire to use stairs as it is no longer a

necessity within their life. The SF-12 asks if patients are

impaired when walking up stairs and thus, these patients will

record a low HS score for this question, despite the fact that

they do not consider this impairment to be of significant

burden with regard to their mobility or pain. The interpretation

by the researcher of this functioning as indicating low HS can

lead to a disparity in outcome rates and, therefore, suggests

subjective QoL outcome measures to be more appropriate,

especially regarding frail, elderly patients.

Pain and impaired mobility are the main symptoms of

CLI and are captured in the physical domains of QoL and

HS. Therefore, the physical domain may be considered the

Table 2 WHOQoL-Bref vs SF12 according to received treatment

Endovascular (n=82) Surgical (n=67) Conservative (n=46)

Physical QoL domain

Baseline 10.9 (2.9) 10.4 (2.5) 11.6 (2.9)

5–7 days 11.9 (3.1)* 12.1 (2.6)* 12.1 (2.7)

6 weeks 12.4 (3.3)** 13.5 (3.0)** 11.8 (3.1)

6 months 13.6 (3.1)*** 14.5 (2.2)*** 13.2 (2.6)***

1 year 13.7 (2.8) **** 14.9 (2.5) **** 13.2 (2.9) ****

Physical HS domain

Baseline 28.9 (9.3) 28.0 (6.7) 30.2 (10.3)

5–7 days 29.2 (9.8) 28.9 (7.3) 28.7 (8.8)

6 weeks 31.5 (10.3) 34.2 (9.2) ** 28.3 (8.8)

6 months 35.4 (9.8) *** 38.0 (9.4) *** 30.9 (8.0)

1 year 35.3 (10.8) **** 37.3 (9.6) **** 31.4 (9.3)

Psychological QoL domain

Baseline 14.2 (2.5) 14.0 (2.4) 14.1 (2.5)

5–7 days 14.6 (1.9) 14.7 (2.2)* 14.5 (1.6)

6 weeks 14.7 (2.1) 14.8 (2.2)** 14.1 (2.3)

6 months 14.7 (1.8) 15.2 (1.9)*** 14.5 (1.8)

1 year 14.8 (2.1) 15.3 (1.9) **** 14.0 (2.3)

Psychological HS domain

Baseline 37.0 (11.7) 36.1 (10.3) 40.1 (11.2)

5–7 days 40.2 (8.3) 40.5 (9.0) * 40.5 (7.8)

6 weeks 39.6 (9.7) 42.0 (7.4) ** 40.6 (7.5)

6 months 42.4 (7.3) *** 44.1 (7.6) *** 37.6 (7.3)

1 year 42.5 (8.7) 43.9 (7.7) **** 39.5 (10.5)

Notes: Data are presented as mean and standard deviation. *Significant difference in the treatment group between Baseline and 5–7 days follow-up. **Significant difference

in the treatment group between Baseline and 6-week follow-up. ***Significant difference in the treatment group between Baseline and 6-month follow-up. ****Significant

difference in the treatment group between Baseline and 1-year follow-up. Missing values due to loss of follow-up: 5–7 days =22 missing values, 6 weeks =20 missing values, 6

months =21 missing values 12 months =20 missing values.

Abbreviations: QoL, Quality of Life (WHOQoL-Bref); HS, Health Status (SF-12).
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most important domain to focus on the treatment of CLI

patients.14 It was in this domain that a striking difference

between QoL and HS emerged. Physical QoL exhibited an

immediate and significant improvement following endo-

vascular or surgical revascularization, in contrast to the

delayed significant improvement in physical HS, observed

at 6 months. Conservative treatment or primary amputa-

tion are accepted treatment modalities in patients with

poor pre-operative living status, and extensive

comorbidities.1,4,8,14,15,20 Due to a significantly reduced

life expectancy, increase in subjectively measures QoL is

an important parameter for frail elderly patients in the last

phase of their life and transcend traditional outcome mea-

surements such as mortality and patency.3 Substantial dif-

ferences between QoL and HS were observed in

conservatively treated patients as these patients did not

exhibit a significant increase in their physical HS, although

their physical QoL had significantly improved at 6 months

and 1 year. Possible explanations for the gained subjective

physical functioning of conservatively treated patients

could be the effectiveness of pain medication and the

hypothesis that elderly patients learn to cope with their

limitations in physical functioning in the long term. This

result is of major clinical importance, because this result

indicates that conservative treatment is an acceptable treat-

ment for selected CLI patients from their point of view.

Whereas conservative treatment seems to be a poor treat-

ment option when only focusing on objective physical

functioning (HS) and not on patients’ subjective evaluation

of their functioning (QoL).

Elderly patients are a challenging group to collect

PROMS because of the high rate of non-responders,

mortality during follow-up and potential difficulty with

reading.21 Lost to follow-up was reduced by cooperation

of a dedicated study coordinator, possibility of telepho-

nically follow-up and use of shortened questionnaires

such as WHOQoL-Bref and SF-12. Use of online

questionnaires could potentially improve response rates

because of an increasing access to the Internet among

elderly patients. However, this could also be questioned

because of possible browser incompatibility or visual

impairment and generalizability among elderly patients

is hard. It seems to be worthwhile to offer patients the

option to participate using online surveys to potentially

reduce lost to follow-up.22

The current study has some limitations. Patients were not

randomized between the three treatment groups because it is

considered unethical to include conservative therapy in ran-

domized controlled trials. However, this prospective study

gives a clear view of the differences between HS and QoL in

the treatments used for CLI patients in the current clinical

practice. These results should be combined with the tradi-

tional outcome rates to select the optimal treatment, because

of the known highmortality (19–49%) and limb salvage rates

(74–85%) in elderly CLI patients.3,16,23 Also, wound healing

in Rutherford five-sixths patients could potentially influence

QoL. It would be interesting to investigate if wound closure

effect QoL in conservatively treated patients in upcoming

research. Due to the use of these shortened questionnaires,

only the physical and psychological domains of QoL and HS

could be compared. However, physical health is the most

important domain for patients suffering CLI, because of

ischemic pain and loss of mobility, and is therefore critical

to compare across HS and QoL.14

Conclusion
Changes in functioning are measured subjectively in QoL

and objectively in HS. This study demonstrates that QoL

and HS are indeed not identical concepts and that differ-

entiating between the two concepts could influence the

treatment options in elderly CLI patients.

Discriminating between QoL and HS is, therefore, of

major importance for clinical practice, especially to

achieve shared decision-making.

Table 3 Questions asked in the questionnaires

Domain WHO-QoL Bref SF-12

Physical How satisfied are you with your ability to per-

form your daily living activities?

Are you now limited in moderate activities, such as moving a table, pushing a

vacuum cleaner, bowling, or playing golf? Does your health now limit you a lot,

limit you a little or not limit you at all?

Physical To what extent do you feel that physical pain

prevents you from doing what you need to do?

During the past four weeks, how much did pain interfere with your normal

work including both outside the home and housework?

Psychological How much do you enjoy life? How much of the time during the past four weeks did you have a lot of

energy?
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