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Original Manuscript

Is More Always Better? Examining the
Nonlinear Association of Social Contact
Frequency With Physical Health and Longevity

Olga Stavrova1 and Dongning Ren1

Abstract

Frequent social contact has been associated with better health and longer life. It remains unclear though whether there is an
optimal contact frequency, beyond which contact is no longer positively associated with health and longevity. The present
research explored this question by examining nonlinear associations of social contact frequency with health and longevity. Study 1
(N * 350,000) demonstrated that once the frequency of social contact reached a moderate level (monthly or weekly), its positive
association with health flattened out. Study 2 (N * 50,000) extended these findings to longitudinal and mortality data: Although
low contact frequency was associated with poor health and low survival rates, increasing the frequency of social interactions
beyond a moderate level (monthly or weekly) was no longer associated with better health and longevity and, in some cases, was
even related to worse health and increased mortality risks.
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Decades of research have highlighted the importance of social

contact for health. Higher levels of social integration

(e.g., more frequent contact with friends) have been associated

with better physical health and a lower likelihood of a range

of conditions (Al-Kandari, 2011; Heffner et al., 2011;

Valtorta et al., 2016), as well as a healthier lifestyle including

more physical exercise, healthier diet, and more regular

medical screening behaviors (Uchino, 2006; Umberson et al.,

2010).

As evidenced in several meta-analyses, social contact has

also been associated with the ultimate outcome of health—

reduced mortality risks (Holt-Lunstad et al., 2010, 2015;

Shor & Roelfs, 2015). This association manifests across var-

ious forms of social contact including interacting with chil-

dren, socializing with relatives and friends, having a larger

social network, and even receiving a higher number of

online friendship requests (de Brito et al., 2017; Hobbs

et al., 2016; Smith et al., 2018). The effect of social contact

on mortality risks rivals the effect of many well-established

physical and behavioral factors such as smoking, alcohol

consumption, physical activity, and air pollution (Holt-

Lunstad et al., 2010). Guided by these findings, nation-

wide health policies were developed to strengthen social ties

as a health improvement strategy at the population level

(Holt-Lunstad, 2018; International Council on Active

Aging, 2017; Umberson & Montez, 2010).

However, most existing literature focused on testing the lin-

ear relationship between social contact and health outcomes,

assuming that the more social contact, the better. In the current

research, we questioned the assumption of linearity by examin-

ing the nonlinear association between social contact and health/

longevity. We focused on one specific aspect of social

contact—contact frequency—and explored whether the social

contact frequency (e.g., socializing with one’s friends and

colleagues) has a nonlinear association with health and

longevity.

It has been recently proposed that the focus on linear rela-

tionships in the well-being literature could have obscured the

prevalence of nonlinear effects (Grant & Schwartz, 2011).

According to Aristotle’s philosophy (1999), for many positive

factors (or virtues, in Aristotelian language), it is the moderate

rather than the highest level that yields the best well-being and

health outcomes. This idea has been recently picked up by psy-

chological research (Grant & Schwartz, 2011; Oishi et al.,

2007) that detected an inverted U-shaped pattern in several

areas. For example, moderate (vs. high) life satisfaction has

been associated with lower reemployment chances in unem-

ployed individuals (Rose & Stavrova, 2019), moderate (vs.

high) volunteering frequency has been associated with higher
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subjective well-being (Windsor et al., 2008), and moderate (vs.

high) level of optimism predicted slower disease progression in

patients on antiretroviral therapy (Milam et al., 2004).

There is some indirect evidence that the associations between

social contact frequency and health/mortality might follow a

nonlinear pattern as well. A recent study showed that people’s

social media usage (Facebook messenger) was associated with

mortality in an inverted U-shaped manner, with the moderate

level yielding the lowest mortality risks (Hobbs et al., 2016).

Why could highly (vs. moderately) frequent social contact

be associated with no better health and longevity? The effect

of social interactions might follow the general principle of mar-

ginal utility, according to which any additional unit of a good

consumed yields smaller and smaller satisfaction (or utility),

up to a point where further consumption does not yield any

satisfaction at all but rather becomes uncomfortable. Consistent

with this idea, the emotional benefits of some social activities

last longer than 1 day (Burleson et al., 2007), suggesting that

socializing could be sufficient at a certain level (e.g., every

other day), and additional socializing (e.g., daily) might have

little additional health benefits.

In addition, extremely frequent social contact can divert

resources from other activities that could have benefited one’s

health and longevity. In fact, sometimes people actively seek

solitude (Burger, 1995; Ren et al., 2016), experience some

activities (e.g., wilderness) as more enjoyable in solitude (Long

& Averill, 2003), and use solitude as a way to relax and regu-

late emotions (Lay et al., 2019; Nguyen et al., 2018). Not

spending enough time in solitude has been linked with dimin-

ished well-being (Coplan et al., 2019). As time is a limited

resource, frequent contact with others is likely to deprive one

from the valuable moments of solitude. In addition, sometimes

frequent social contact might be stressful in and of itself (Rook,

1990), and stress is a well-known predictor of poor health

(Thoits, 2010). Finally, frequent socializing can interfere with

the goals in other life domains including work, family life, or

staying healthy (Grund et al., 2014; Riediger & Freund, 2004).

The Present Research

We tested whether the association between social contact fre-

quency and physical health as well as mortality risks follows

a nonlinear pattern, with moderate levels of social contacts cor-

responding to the best health and longevity outcomes. Study 1

tested the nonlinear association between social contact fre-

quency and self-rated physical health using cross-sectional sur-

vey data from a large international dataset. Study 2 used

longitudinal data and examined whether the prospective effect

of social contact frequency on self-rated physical health and

mortality risks follows a nonlinear pattern too. The data of

Study 1 and all analyses scripts (Studies 1 and 2) are available

at https://osf.io/kd42b/?view_only¼1c505cf3b1fc4734bc45

160dcf112ed4. The data of Study 2 can be downloaded at the

study website (https://www.diw.de/en/soep).

Study 1

Method

Participants

We used data from the European Social Survey (ESS, 2018).

ESS is a large-scale international survey that examines peo-

ples’ beliefs, values, and well-being in 37 European countries.

Every wave recruits a new nationally representative (a random

probability) sample in each country.

We used the data from all the waves available at the time of

writing (nine waves, 2002–2018). The sample consisted of

392,195 individuals (Mage ¼ 48.23, SDage ¼ 18.50, 46.3%
male) residing in 37 countries. The list of countries and the

country descriptive statistics are shown in Table S1 (Supple-

mentary Materials).

Measures

To measure social contact frequency, participants indicated

how often they socially meet with friends, relatives, and col-

leagues. Response options were 1 ¼ never, 2 ¼ less than once

a month, 3¼ once a month, 4¼ several times a month, 5¼ once

a week, 6¼ several times a week, and 7¼ every day. We mean

centered this variable before computing its quadratic term.1

To measure self-rated physical health, participants

responded to the following prompt: “How is your health in gen-

eral? Would you say it is very good, good, fair, bad, or very

bad?” (see Figure S1 for frequencies). We recoded the

responses such that higher values reflect better physical health.

As the following socio-demographic and economic charac-

teristics have been linked to both social relationships (e.g.,

Bianchi & Vohs, 2016) and health (e.g., Elo, 2009), we

included them as covariates in the present analysis: age, gender

(1 ¼ male, 0 ¼ female), education (number of years), marital

status (four categories: married [reference category], divorced,

widowed, or never married), employment status (five cate-

gories: employed [reference category], unemployed, student,

retired, and other], and household income (“Which of the

descriptions on this card comes closest to how you feel about

your household’s income nowadays? 1 ¼ living comfortably

on present income, 2 ¼ coping on present income, 3 ¼ finding

it difficult on present income, and 4¼ finding it very difficult on

present income”; responses were recoded such that higher val-

ues reflect a higher income).

Results

Social contact frequency was positively associated with self-

rated physical health in all 37 countries. The association ranged

between r ¼ .09 (p < .001) and r ¼ .36 (p < .001) and, on aver-

age, reached r ¼ .21 (p < .001). However, an examination of

average self-rated health corresponding to each social contact

frequency (Figure 1) suggests that this association might not

be perfectly linear.
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To test the nonlinear association between social contact fre-

quency and self-rated health, we used multilevel regression

analysis with participants nested within both countries and

waves (cross-classified models). The models included a ran-

dom intercept at the level of countries and waves. In Model

1, we regressed self-rated physical health on linear and quadra-

tic terms of social contact frequency. Table 1 shows unstandar-

dized coefficients. The linear term was significant (b¼ .10, p <

.001). Critically, the quadratic term was significant too (b ¼
�.02, p < .001), providing evidence for the nonlinear associa-

tion. Both the linear and the quadratic terms were robust

against controlling for sociodemographic variables (Model 2:

blinear ¼ .04, p < .001; bquadratic ¼ �.02, p < .001).

Increasing frequency of social contacts is positively associ-

ated with self-rated physical health up to a point (roughly

around “several times a month”), where this association flat-

tens out (Figure 2). We used pairwise comparison tests (as

implemented in the package LmerTest: Kuznetsova et al.,

2017) to compare the differences in health between the seven

categories of social contact. Given that this test involved 21

comparisons, we adjusted the a level to .002 (.05/21; Bonfer-

roni correction). The differences between all seven categories

of social contact were significant (ps < .00001).
Comparing linear and quadratic models. A likelihood ratio test

showed that the quadratic model (including linear and quadra-

tic terms) fitted the data better than the linear model (including

only the linear term), w2(1) ¼ 2,057.2, p < .001.

Discussion

Study 1 provided first evidence of a nonlinear association

between social contact frequency and physical health. It

showed that increasing the frequency of social contacts from

yearly to monthly is associated with significant health

improvement. Yet increasing the frequency of social contacts

beyond this point (e.g., from monthly to daily) is associated

with very little additional benefits.

Study 2

Study 1 provided the initial demonstration of the nonlinear

association between contact frequency and health. Yet its use

of cross-sectional data does not provide any evidence for the

suggested causal direction. Therefore, in Study 2, we tested the

nonlinear effect of contact frequency on health using longitudi-

nal data. Additionally, Study 2 examined whether the nonlinear

pattern extends beyond self-rated physical health to mortality.

Method

Participants

We used the data from the German Socio-Economic Panel

(SOEP, 2018; Version 34) study. SOEP is a nationally repre-

sentative annual panel study conducted in Germany since

1984. The data contain the information about respondents’ sur-

vival status, including the year of death, throughout 2017. Six

waves (1990, 1995, 1998, 2003, 2008, and 2013) included sev-

eral questions regarding respondents’ social contact frequency.

Of those, five waves (1995–2013) also included a measure of

self-rated physical health. Therefore, the analyses of physical

health are based on the data from these five waves and the sam-

ple of 49,675 participants (born between 1897 and 1996, aver-

age year of birth ¼ 1962, 47.2% male).

For the analysis of mortality risks, our sample consisted of

individuals who participated in at least one of the six waves that

included social contact frequency measures and had valid val-

ues on the key variables (social contact frequency, vital status):

Figure 1. Social contact frequency and self-rated physical health, Study 1. Note. Error bars reflect standard errors.
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N¼ 52,542 (born between 1894 and 1996, average year of birth

¼ 1960, 47.5% male).

Measures

Social contact frequency. Participants indicated how often they

took part in the following two activities: mutual visits to/from

neighbors, friends, and acquaintances and mutual visits to/from

family members, and relatives. Responses were given on a

5-point scale: 1 ¼ daily, 2 ¼ at least once a week, 3 ¼ at least

once a month, 4 ¼ seldom, and 5 ¼ never. We recoded the val-

ues such that higher values represent a higher frequency of

contact. We mean centered this variable before computing its

quadratic term.

Self-rated physical health. To measure self-rated physical health,

participants were asked “How would you describe your current

health? 1 ¼ very good, 2 ¼ good, 3 ¼ satisfactory, 4 ¼ poor,

and 5 ¼ bad.” Responses were recoded such that higher values

reflect better health.

Mortality. Participants’ vital status (1 ¼ deceased, 0 ¼ alive)

was available through 2017. Survival time was computed in

years, starting from the year of joining the study (or more pre-

cisely, completing the social contact frequency questions for

the first time) until death or censoring (in 2017).

Control variables. We included the same set of sociodemo-

graphic and economic control variables as in Study 1: partici-

pants’ age2, gender (1 ¼ male, 0 ¼ female), education

(number of years), marital status (four categories: married

[used as reference category], divorced, widowed, and never

married), employment status (five categories: employed [used

as reference category], unemployed, retired, student, and

other), and household income (monthly net household income,

in Euro). These variables were measured repeatedly all six

waves, allowing us to use them as time-dependent covariates.

Results

Means, standard deviations, and zero-order correlations among

the variables are shown in Table 2 (also see Figure S2). 7.9%
(n ¼ 4,172) of the sample passed away within the observation

Table 1. Multilevel Regression Results (Unstandardized Coefficients), Study 1.

Predictors

Model 1 Model 2

b 95% CI b 95% CI

Fixed effects
Social contact frequency .096*** [.094, .098] .039*** [.038, .041]
Social contact frequency, squared �.024*** [�.025, �.023] �.015*** [�.016, �.014]
Age — — �.015*** [�.016, �.015]
Gender (1 ¼ male, 0 ¼ female) — — .022*** [.018, .028]
Education — — .017*** [.016, .018]
Income — — .185*** [.181, .188]
Employment: Student — — �.0005 [�.016, .005]
Employment: Unemployed — — �.064*** [�.0756, .053]
Employment: Retired — — �.205*** [�.213, �.196]
Employment: Other — — �.294*** [�.302, �.286]
Marital status: Divorced — — �.071*** [�.079, �.062]
Marital status: Widowed — — �.089*** [�.098, �.079]
Marital status: Never married — — �.078*** [�.086, �.071]

Random effects
Var(country) .071 .048
Var(wave) .001 .001

Note. The reference category for employment: employed; the reference category for marital status: married.
***p < .001.

Figure 2. The nonlinear effect of social contact frequency on self-
rated physical health, Study 1. Note. Red line shows the estimated
association based on multilevel modeling (Model 1; Table 1).
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period. The survival time ranged between 1 and 27 years (on

average, 13.68 years).

Physical Health

Prospective effect of social contact frequency on physical health. We

used multilevel regression, with waves of data collection

nested within participants. We regressed physical health at time

t on the linear and quadratic terms of social contact frequency

at time t�1 and physical health at time t�1. Respondents had to

participate in at least two waves of the study to be included in

this analysis (see Table 3 for the number of participants for

each model).

For contacts with friends, neighbors, and colleagues, both

the linear and the quadratic coefficients reached significance

(blinear ¼ .01, p ¼ .04; bquadratic ¼ �.02, p < .001; Table 3 and

Figure 3). Like in Study 1, we compared the differences in

health between the five categories of social contact using an

adjusted a level (.005; .05/10 tests). At lower levels of contact

frequency (up to once a month), more (vs. less) frequent

contact at one time point is associated with better health at

a follow-up (all ps < .001); however, at higher levels of

contact frequency, this association levels off. Specifically,

increasing contact frequency beyond monthly was no longer

associated with a significant improvement in health

(p ¼ .026 and p ¼ .519).

For contacts with family members and relatives, only the

quadratic term was significant (bquadratic ¼ �.02, p < .001).

More frequent contacts with family members and relatives at

time t�1 is associated with better health at time t, controlling

for health at t � 1. Yet this is true up to a point (monthly con-

tact) where this effect reverses: More frequent (than monthly)

interactions predict worse physical health. Indeed, the pairwise

comparisons (with an adjusted a of .005) showed that increas-

ing contact from never to seldom and from seldom to at least

once a month was associated with significantly better health

(p < .001 and p ¼ .002). Increasing contact beyond that was

associated with significantly worse health (from weekly to

daily: p ¼ .001; to weekly: p ¼ .003). Interestingly, never see-

ing family members and relatives was equally bad as seeing

them daily (p ¼ .019). In case of both types of contact (with

friends/colleagues/neighbors and family members/relatives),

the quadratic terms were robust against adding the sociodemo-

graphic and economic control variables (bquadratic ¼ �.02,

p < .001).

Comparing linear and quadratic models. A likelihood ratio test

showed that the quadratic model (that included health at

t � 1, the linear and the quadratic terms of contact frequency)

fitted the data better than the linear model (that included health

at t � 1 and the linear term of contact frequency), for both con-

tact with friends/neighbors/colleagues, w2(1)¼ 25.26, p < .001,

and family/relatives,(w2(1) ¼ 44.71, p < .001.

Mortality Risks

Effect of contact frequency on the probability of death. First, we

explored whether social contact frequency was associated with

mortality within the observation period. We conducted a logis-

tic regression analysis with age, linear and quadratic terms of

contact frequency as predictors and the event of death (1¼ yes,

0 ¼ no) as the outcome. The results are shown in Table 4. For

both contact variables, only the quadratic term was significant

(see Model 2; Table 4). Figure 4 shows that individuals with the

moderate (monthly) frequency of contact had the lowest risk of

mortality within the observation period. Pairwise comparisons

(with an adjusted a of .005) showed that increasing contact

from never to seldom and from seldom to at least once a month

was associated with a lower likelihood of death (ps < .001).

However, increasing contact beyond this point (from monthly

to weekly and from weekly to daily) was associated with higher

mortality risks (ps < .001). A similar pattern emerged for the

frequency of contact with family members and relatives:

increasing contact from never to seldom and from seldom to

at least once a month was associated with a lower likelihood

of death (ps < .001). We found no significant difference

between monthly and weekly contact (p ¼ .030); however,

increasing contact from weekly to daily was associated with

higher mortality risks (p < .001).

Table 2. Mean, Standard Deviations, and Zero-Order Correlations, Study 2.

Predictors M SD 1 2 3 4 5 6 7

1. Mortality 0.08 0.27 — — — — — — —
2. Contacts with friends, neighbors, and colleagues 3.31 0.86 �.12*** — — — — — —
3. Contacts with family members and relatives 3.28 0.89 �.01** .25*** — — — — —
4. Age at entry 41.57 17.24 .39*** �.33*** �.01** — — — —
5. Gender 0.47 0.50 .04*** �.03*** �.07*** �.01* — — —
6. Income 2,594 1,883 �.13*** .06*** �.03*** �.05*** .03*** — —
7. Education 11.91 2.67 �.11*** .01** �.06*** �.01* .05*** .34*** —
8. Physical health 3.45 0.91 �.26*** .21*** .03*** �.40*** .06*** .15*** .16***

Note. N ranges between 46,598 and 52,542. Correlations were computed using average values across the waves. The reference category for mortality is “alive,”
the reference category for gender is “female.”
*p < .05. **p < .01. ***p < .001.

Stavrova and Ren 5



Comparing linear and quadratic models. A likelihood ratio test

showed that the quadratic model (that included age, the linear

and the quadratic terms of contact frequency) fitted the data

better than the linear model (that included age and the linear

term of contact frequency), for both contact with friends/neigh-

bors/colleagues and family/relatives (both ps < .001).

Effect of contact frequency on survival time. First, we plotted the

survival time of deceased respondents against the frequency

of their social contacts (as reported in the year they entered the

study; Figure 5). We observed the highest survival times for

participants with a moderate (monthly) frequency of social

relationships.

To test the nonlinear association between social contact fre-

quency and mortality, we used the Cox proportional hazard

model. As the predictors were measured multiple times within

the observation period (at most, six times), we recurred to a

time-dependent Cox model. This analysis allows the predictors

to change their values over time during the follow-up period

and estimates the effect of social contact frequency using the

most recently obtained values (before mortality). The analyses

were conducted with the survival package in R (Therneau,

2015). Survival time was recorded in years, starting from the

time of entering into the study till death or censoring. To con-

trol for delayed entries, we included participants’ age at entry

as a covariate.

The results are shown in Table 5. In case of social interac-

tions with friends, colleagues, and neighbors, only the quadra-

tic (but not the linear) effect reached significance (HRlinear ¼

Table 3. Multilevel Regression (Unstandardized Coefficients) Predicting Physical Health at t, Study 2.

Predictors

Dependent Variable: Physical Health at t

Social Contact Frequency: Friends, Colleagues,
Neighbors

Social Contact Frequency: Family Members and
Relatives

Model 1 Model 2 Model 1 Model 2

b 95% CI b 95% CI b 95% CI b 95% CI

Social contact frequency t�1 .040*** [.031, .049] .009* [.0004, .01] �.007 [�.015, �.001] .004 [�.005, .012]
Social contact frequency t�1,

squared
�.019*** [�.024, �.010] �.018*** [�.026, �.010] �.024*** [�.032, �.017] �.018*** [�.026, �.011]

Physical health t�1 .576*** [.568, .584] .49*** [.48, .51] .581*** [.57, .59] .50*** [.49, .50]
Age t�1 — — �.01*** [�.01, �.01] — — �.01*** [�.01, �.001]
Gender (1¼male, 0¼ female) — — .01 [�.006, .025] — — .008 [�.007, .02]
Employment t�1: Unemployed — — �.07*** [�.10, �.04] — — �.07*** [�.10, �.04]
Employment t�1: Retired — — �.06*** [�.09, �.04] — — �.06*** [�.09, �.04]
Employment t�1: Student — — .06* [.005, .12] — — .06* [.01, .11]
Employment t�1: Other — — �.002 [�.02, .02] — — �.001 [�.02, .02]
Marital status t�1: Divorced/

separated
— — �.04** [�.08, �.01] — — �.04** [�.06, �.01]

Marital status t�1: Not married — — .005 [�.02, .03] — — .008 [�.02, .03]
Marital status t�1: Widowed — — .009 [�.02, .04] — — .01 [�.02, .04]
Income t�1 — — 2e-5*** [1e-5, 2e-4] — — 2e-5*** [1e-5, 2e-5]
Education t�1 — — .02*** [.01, .02] — — .02*** [.01, .02]
N individuals 21,385 19,741 21,385 19,741
N measurements 43,235 39,490 43,235 39,490

Note. The reference category for employment: employed; reference category for marital status: married/registered partnership.
***p < .001.

Figure 3. Social contact frequency (time t � 1) and self-rated physical
health (time t), Study 2. Note. Error bars are 95% confidence intervals.
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1.002, p ¼ .92; HRsquared ¼ 1.17, p < .001), providing evidence

for the nonlinear effect. The quadratic term of social contact

remained significant when adding sociodemographic and eco-

nomic control variables, and self-rated physical health (ORlinear

¼ 1.01, p¼ .63; ORsquared¼ 1.10, p < .001; see Figure S3, Sup-

plementary Materials).

To examine the shape of this effect, we plotted the survival

curves for each level of the frequency of social contacts with

friends, colleagues, and neighbors. These results are shown in

Figure 6. We used a log-rank test to compare the survival

curves. Given the number of comparisons, we adjusted the a
level to .005 (.05/10 comparisons). For all contact categories,

the survival rate decreases as time goes by. However, the

decrease is the steepest for individuals who indicated to never

meet with friends, colleagues, and neighbors (black line). Indi-

viduals with a moderate (monthly and weekly, blue and yellow

lines, respectively) contact frequency showed the highest sur-

vival rate. Given the large sample size, all pairwise compari-

sons of the survival curves reached the adjusted level of

significance (all ps < .005), except for the comparison between

monthly and weekly (p ¼ .40).

We repeated these analyses using the other type of social

contacts—socially meeting with relatives and family

members. Model 1 showed significant linear and quadratic

effects (ORlinear ¼ 0.96, p ¼ .008; ORsquared ¼ 1.13, p <

.001; Table 5). Controlling for sociodemographic and eco-

nomic information, as well as for self-rated physical health,

rendered the effect of the linear but not the quadratic term of

social contact frequency nonsignificant (ORlinear ¼ 0.97, p ¼
.077; ORsquared ¼ 1.07, p < .001; see Figure S3, Supplementary

Materials).

Figure 6 demonstrates that the lowest (never) frequency of

social contacts (black line) is associated with the steepest sur-

vival rate. Pairwise comparisons revealed that the survival

curve of individuals with the lowest contact frequency (never)

was significantly steeper than the survival curves of the

remaining four levels of contact (ps < .001). The survival curve

of individuals with the highest contact frequency (daily) did not

significantly differ from the survival curves of individuals with

more moderate (weekly, monthly, seldom) contact frequency

(ps > .005).

Comparing linear and quadratic models. A likelihood ratio test

showed that the quadratic model (that included age, the linear

and the quadratic terms of contact frequency) fitted the data

better than the linear model (that included age and the linear

term of contact frequency), for both contact with friends/neigh-

bors/colleagues, w2(1)¼ 114.11, p < .001, and family/relatives,

w2(1) ¼ 78.36, p < .001.

Discussion

Study 2 showed that the highest (daily) frequency of social con-

tact is not associated with substantially better health and longer

life than the moderate (monthly) frequency. In fact, interaction

frequency beyond a certain point (e.g., daily) can even be asso-

ciated with higher mortality risks and lower survival time.

General Discussion

Aristotle (1999) claimed that any generally advantageous beha-

vior when exercised above or below a certain level can turn dis-

advantageous and destroy health. In the present research, we

Table 4. Logistic Regression Model Predicting the Probability of Death, Study 2.

Predictors

Social Contact Frequency: Friends, Colleagues,
Neighbors

Social Contact Frequency: Family Members and
Relatives

Model 1 Model 2 Model 1 Model 2

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Social contact frequency 1.01*** [1.002, 1.007] 1.001 [0.998, 1.004] 0.999 [0.997, 1.001] 0.999 [0.997, 1.002]
Social contact frequency, squared 1.02*** [1.019, 1.023] 1.010*** [1.008, 1.013] 1.010***[1.008, 1.012] 1.005*** [1.003, 1.007]
Age at entry 1.01*** [1.005, 1.006] 1.003*** [1.002, 1.003] 1.006***[1.005, 1.006] 1.003*** [1.002, 1.003]
Gender — — 1.037*** [1.032, 1.042] — — 1.038*** [1.033, 1.043]
Employment: Unemployed — — 1.000 [0.990, 1.011] — — 1.002 [0.992, 1.012]
Employment: Retired — — 1.100*** [1.091, 1.109] — — 1.102*** [1.093, 1.111]
Employment: Student — — 1.029*** [1.014, 1.043] — — 1.031*** [1.016, 1.045]
Employment: Other — — 1.021*** [1.014, 1.028] — — 1.022*** [1.015, 1.030]
Marital status: Divorced/separated — — 0.998 [0.990, 1.006] — — 0.998 [0.991, 1.006]
Marital status: Not married — — 1.026*** [1.019, 1.033] — — 1.027*** [1.020, 1.034]
Marital status: Widowed — — 1.093*** [1.082, 1.104] — — 1.094*** [1.083, 1.106]
Income — — 0.999*** [0.999, 0.999] — — 0.999*** [0.999, 0.999]
Education — — 0.996*** [0.995, 0.997] — — 0.996*** [0.995, 0.997]
Physical health — — 0.964*** [0.962, 0.967] — — 0.964*** [0.962, 0.967]

Note. The reference category for employment: employed; reference category for marital status: married/registered partnership; gender: 1 ¼ male, 0 ¼ female.
OR ¼ odds ratio.
***p < .001.
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examined whether this observation is true with respect to the

frequency of social interactions. Study 1, based on survey

responses of about 390,000 individuals from 37 countries,

demonstrated that higher frequency of social contacts was posi-

tively associated with self-rated physical health. However,

once the frequency of social contacts reached a moderate level

(monthly or weekly), its positive association with health flat-

tened out.

Study 2 extended these findings to longitudinal and mortal-

ity data. Using the data from about 50,000 individuals followed

for up to 27 years, it showed that although greater contact fre-

quency was prospectively associated with better health,

increasing the frequency of social interactions beyond a mod-

erate level (e.g., to daily frequency) was no longer associated

with better health and was even related to higher mortality

risks.

We consider these effects to be meaningful and practically

important. For example, increasing the frequency of contact

with friends, colleagues, and neighbors from never to

monthly and from monthly to daily was associated with a

10% decrease and an 8% increase in the mortality risk,

respectively (Figure 4). These effects are comparable to those

of other well-established predictors of mortality, such as gen-

der (e.g., in Study 2, being male (vs. female) was associated

with a 4% higher mortality risk) or marital status (in Study 2,

being married was associated with a 3% lower mortality risk

than being not married). These results are not only important

for current theories of health and well-being but can also

Figure 4. Social contact frequency and mortality risks (overall sample), Study 2. Note. Error bars represent standard errors.
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inform intervention work by helping practitioners setting the

target level of contact for reaching the greatest benefits of

social interaction interventions.

Could this nonlinear pattern be explained by the possibility

that highly (vs. moderately) frequent social contact is a reflec-

tion of poor health in the first place? For example, as individ-

uals approach death and their health deteriorates, they might be

more likely to need and seek particularly intensive (e.g., daily)

contact and support. To test this possibility, we made use of the

longitudinal data in Study 2 and examined whether worse

health at t � 1 predicted higher contact frequency at t, when

controlling for contact frequency at t � 1. With respect to con-

tact with friends, colleagues, and neighbors, we found that

worse health at t� 1 predicted less (not more) contact at t. With

respect to contact with family members and relatives, the asso-

ciation between health and contact frequency was flat, except

for the lowest level of health: extremely poor health at t � 1

was associated with decreasing (not increasing) contact fre-

quency with family members at t (Figure S4 and Tables S2 and

S3). In summary, if anything, these results suggest that dete-

riorating health (e.g., approaching death) is prospectively asso-

ciated with decreasing (not increasing) contact frequency. This

is not consistent with the alternative explanation according to

which the positive effect of increased contact on mortality is

driven by individuals having more frequent contact with family

and relatives when their health deteriorates. Nevertheless,

given the nonexperimental nature of the present data, we

emphasize that the positive association between high (vs. mod-

erate) contact frequency and mortality risks might still be dri-

ven by further unexplored third variables and should

therefore be interpreted carefully.

Why isn’t daily socializing particularly healthy? Social ties

have been linked to a higher likelihood of following a healthy

lifestyle including more physical exercise, a healthy diet, and

more regular medical screening behaviors (Umberson et al.,

2010). Potentially, executing these healthy behaviors beyond

a certain level (e.g., more often than recommended medical

screening) is simply not incrementally beneficial for health.

In addition, a particularly high (vs. moderate) frequency of

social contacts may be associated with social contacts of lower

quality. In a similar vein, daily social contacts might be stress-

ful and the stress counteracts the potential positive effects that

social relationships typically bring along. If daily socializing is

stressful, why don’t people just bring the frequency of social

contacts down to a level that they are more comfortable with?

One possibility is that even though daily socializing might be

stressful, individuals might not perceive it as such. People are

generally not very skilled in predicting what will make them

happy (Wilson & Gilbert, 2005) and might be bad at calibrating

their social contacts to serve their needs in an optimal way.

Alternatively, individuals might maintain a particularly high

frequency of social contacts not because that’s what they want

but because that’s what they have to do. We hope that further

studies would shed light on social or cultural norms that could

prescribe individuals to socialize with others beyond the per-

sonally comfortable level. While the results of Study 1 pro-

vided initial evidence of the generalizability of the nonlinear

effect of contact frequency on health across 37 counties, there

might still be differences in the size of this effect across coun-

tries and cultures. Identifying the sociocultural factors that

could explain these differences could be an interesting endea-

vor for future studies.

Table 5. Time-Dependent Cox Proportional Hazard Model, Study 2.

Predictors

Social Contact Frequency: Friends, Colleagues,
Neighbors

Social Contact Frequency: Family Members and
Relatives

Model 1 Model 2 Model 1 Model 2

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Social contact frequency 1.002 [0.96, 1.04] 1.01 [0.97, 1.06] 0.96** [0.93, 0.99] 0.97 [0.93, 1.004]
Social contact frequency, squared 1.17*** [1.13, 1.20] 1.10*** [1.08, 1.14] 1.13*** [1.10, 1.15] 1.07*** [1.04, 1.10]
Age at entry 1.10*** [1.09, 1.10] 1.07*** [1.07, 1.08] 1.10*** [1.095, 1.10] 1.07*** [1.07, 1.08]
Gender (1 ¼ male, 0 ¼ female) — — 2.06*** [1.90, 2.23] — — 2.05*** [1.89, 2.22]
Employment: Unemployed — — 1.44** [1.15, 1.81] — — 1.46** [1.16, 2.83]
Employment: Retired — — 1.84*** [1.58, 2.13] — — 1.86*** [1.60, 2.16]
Employment: Student — — 1.04 [0.43, 2.54] — — 1.08 [0.44, 2.63]
Employment: Other — — 1.67*** [1.37, 2.04] — — 1.67*** [1.37, 2.04]
Marital status: Divorced/separated — — 1.41*** [1.24, 1.61] — — 1.36*** [1.19, 1.56]
Marital status: Not married — — 1.46*** [1.14, 1.40] — — 1.42*** [1.20, 1.67]
Marital status: Widowed — — 1.26*** [1.16, 1.41] — — 1.28*** [1.16, 1.41]
Income — — 0.99*** [0.99, 1.00] — — 0.99*** [0.99, 1.00]
Education — — 0.96*** [0.94, 0.98] — — 0.96*** [0.94, 0.97]
Physical health — — 0.57*** [0.55, 0.59] — — 0.57*** [0.54, 0.59]

Note. The reference category for employment: employed; reference category for marital status: married/registered partnership. HR ¼ hazard ratio.
***p < .001.
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While the present studies focused on social contact fre-

quency, exploring whether a similar nonlinear pattern will

emerge with respect to other dimensions of social relationships,

in particular, relationship quality (e.g., closeness, satisfaction)

represents an important step for future studies. Similarly, the

measures of social contact in the present studies did not prop-

erly differentiate between different targets (e.g., friends, col-

leagues, and neighbors). Hence, more fine-grained and

comprehensive measures (e.g., the Social Network Index;

Cohen et al., 1997) are needed to be able to compare the effect

of contact with different others.

It is noteworthy that across the studies, types of contact, and

dependent measures, the data fitted the nonlinear (quadratic)

model better than the linear one. At the request of an

anonymous reviewer, we additionally examined the model per-

formance in out-of-sample data, using 10-fold cross-validation

(Kuhn & Johnson, 2013). This procedure entails using a part of

the data to obtain model parameters (i.e., regression coeffi-

cients) and then using these model parameters to obtain pre-

dicted values of the outcome variable (e.g., health) in the rest

of the data (out-of-sample data). The details of these analyses

are shown in the Supplementary Materials. In brief, the out-

of-sample performance of the quadratic model was comparable

to the level of accuracy obtained in previous research that used

behavioral variables to predict individual differences (e.g.,

Matz et al., 2019; Park et al., 2015; Youyou, Kosinski, & Still-

well, 2015). However, it was not substantially better than the

performance of the linear or the null model (i.e., model without

Figure 5. Social contact frequency and survival in years (deceased respondents), Study 2. Note. Error bars reflect standard errors. Social
relationship values are the ones from the waves the respondents completed the measure for the first time.

10 Social Psychological and Personality Science XX(X)



any predictors). Potentially, models built to explain behavior

might not do a great job predicting it in out-of-sample data

(Yarkoni & Westfall, 2017). We hope that future research will

test whether more complex predictive models (e.g., random

forest) would attain better accuracy.

Conclusions

Our results showed that higher frequency of social interactions

is not necessarily associated with the best outcomes. Instead, a

more moderate frequency of social contacts can be considered

optimal: Socializing with others on a weekly or even monthly

basis seems to be sufficient to yield the health benefits often

associated with social relationships. A higher (e.g., daily) fre-

quency of social contacts is no longer associated with better

health and is even related to higher mortality risks.
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Notes

1. We used grand mean centering. Using country mean centering

provided identical results (blinear ¼ .10, p < .001; bquadratic ¼ �.02,

p < .001).

2. Mortality analysis: age at entry into the study; longitudinal analysis

of physical health: age at each wave of study.

References

Al-Kandari, Y. Y. (2011). Relationship of strength of social support

and frequency of social contact with hypertension and general

health status among older adults in the mobile care unit in Kuwait.

Journal of Cross-Cultural Gerontology, 26(2), 175–187.

Aristotle. (1999). Nicomachean ethics (W. D. Ross, Trans.). Batoche

Books.

Bianchi, E. C., & Vohs, K. D. (2016). Social class and social worlds:

Income predicts the frequency and nature of social contact. Social

Psychological and Personality Science, 7(5), 479–486.

Burger, J. M. (1995). Individual differences in preference for solitude.

Journal of Research in Personality, 29(1), 85–108.

Burleson, M. H., Trevathan, W. R., & Todd, M. (2007). In the mood

for love or vice versa? Exploring the relations among sexual activ-

ity, physical affection, affect, and stress in the daily lives of mid-

aged women. Archives of Sexual Behavior, 36(3), 357–368.

Cohen, S., Doyle, W. J., Skoner, D. P., Rabin, B. S., & Gwaltney, J. M.,

Jr. (1997). Social ties and susceptibility to the common cold. JAMA,

277(24), 1940–1944.

Figure 6. Survival curves for different levels of social contact frequency.

Stavrova and Ren 11

https://orcid.org/0000-0002-6079-4151
https://orcid.org/0000-0002-6079-4151
https://orcid.org/0000-0002-6079-4151
https://orcid.org/0000-0001-7749-2419
https://orcid.org/0000-0001-7749-2419
https://orcid.org/0000-0001-7749-2419


Coplan, R. J., Hipson, W. E., Archbell, K. A., Ooi, L. L., Baldwin, D.,

& Bowker, J. C. (2019). Seeking more solitude: Conceptualization,

assessment, and implications of aloneliness. Personality and Indi-

vidual Differences, 148, 17–26.

de Brito, T. R. P., Nunes, D. P., Corona, L. P., da Silva Alexandre, T.,

& de Oliveira Duarte, Y. A. (2017). Low supply of social support

as risk factor for mortality in the older adults. Archives of Geron-

tology and Geriatrics, 73, 77–81.

Elo, I. T. (2009). Social class differentials in health and mortality: Pat-

terns and explanations in comparative perspective. Annual Review

of Sociology, 35(1), 553–572.

European Social Survey. (2018). European Social Survey cumulative

file, ESS 1-8 (2018). Data file edition 1.0. NSD—Norwegian Cen-

tre for Research Data, Norway—Data archive and distributor of

ESS data for ESS. ERIC. https://doi.org/10.21338/NSD-ESS-

CUMULATIVE

Grant, A. M., & Schwartz, B. (2011). Too much of a good thing: The

challenge and opportunity of the inverted U. Perspectives on Psy-

chological Science, 6(1), 61–76.

Grund, A., Brassler, N. K., & Fries, S. (2014). Torn between study and

leisure: How motivational conflicts relate to students’ academic

and social adaptation. Journal of Educational Psychology,

106(1), 242–257.

Heffner, K. L., Waring, M. E., Roberts, M. B., Eaton, C. B., & Graml-

ing, R. (2011). Social isolation, C-reactive protein, and coronary

heart disease mortality among community-dwelling adults. Social

Science & Medicine, 72(9), 1482–1488.

Hobbs, W. R., Burke, M., Christakis, N. A., & Fowler, J. H. (2016).

Online social integration is associated with reduced mortality risk.

Proceedings of the National Academy of Sciences, 113(46),

12980.

Holt-Lunstad, J. (2018). The potential public health relevance of

social isolation and loneliness: Prevalence, epidemiology, and risk

factors. Public Policy & Aging Report, 27(4), 127–130.

Holt-Lunstad, J., Smith, T. B., Baker, M., Harris, T., & Stephenson, D.

(2015). Loneliness and social isolation as risk factors for mortality:

A meta-analytic review. Perspectives on Psychological Science,

10(2), 227–237.

Holt-Lunstad, J., Smith, T. B., & Layton, J. B. (2010). Social relation-

ships and mortality risk: A meta-analytic review. PLoS Medicine,

7(7), e1000316.

International Council on Active Aging. (2017). Senate Committee

examines impact of social isolation and loneliness, initiatives that

build community. https://www.icaa.cc/industrynews/2017-07/Sen

ate-committee-examines-impact-of-social-isolation-and-loneli

ness-initiatives-that-build-community.htm

Kuhn, M., & Johnson, K. (2013). Applied Predictive Modeling (Vol.

26). Springer.

Kuznetsova, A., Brockhoff, P. B., & Christensen, R. H. B. (2017).

Lmertest package: Tests in linear mixed effects models. Journal

of Statistical Software, 82(13), 1–26.

Lay, J. C., Pauly, T., Graf, P., Biesanz, J. C., & Hoppmann, C. A.

(2019). By myself and liking it? Predictors of distinct types of soli-

tude experiences in daily life. Journal of Personality, 87(3),

633–647.

Long, C. R., & Averill, J. R. (2003). Solitude: An exploration of ben-

efits of being alone. Journal for the Theory of Social Behaviour,

33(1), 21–44.

Matz, S. C., Menges, J. I., Stillwell, D. J., & Schwartz, H. A. (2019).

Predicting individual-level income from Facebook profiles. PLoS

One, 14(3), e0214369.

Milam, J. E., Richardson, J. L., Marks, G., Kemper, C. A., &

McCutchan, A. J. (2004). The roles of dispositional optimism and

pessimism in HIV disease progression. Psychology & Health,

19(2), 167–181.

Nguyen, T.-V. T., Ryan, R. M., & Deci, E. L. (2018). Solitude as an

approach to affective self-regulation. Personality and Social Psy-

chology Bulletin, 44(1), 92–106.

Oishi, S., Diener, E., & Lucas, R. (2007). The optimum level of well-

being: Can people be too happy? Perspectives of Psychological

Science, 2(4), 346–360.

Park, G., Schwartz, H. A., Eichstaedt, J. C., Kern, M. L., Kosinski, M.,

Stillwell, D. J., et al. (2015). Automatic personality assessment

through social media language. Journal of Personality and Social

Psychology, 108(6), 934–952.

Ren, D., Wesselmann, E., & Williams, K. D. (2016). Evidence for

another response to ostracism: Solitude seeking. Social Psycholo-

gical and Personality Science, 7(3), 204–212.

Riediger, M., & Freund, A. M. (2004). Interference and facilitation

among personal goals: Differential associations with subjective

well-being and persistent goal pursuit. Personality and Social Psy-

chology Bulletin, 30(12), 1511–1523.

Rook, K. S. (1990). Stressful aspects of older adults’ social relation-

ships: Current theory and research. Stress and Coping in Later-

Life Families, 173–192.

Rose, D., & Stavrova, O. (2019). Does life satisfaction predict

reemployment? Evidence form German panel data. Journal of Eco-

nomic Psychology, 72, 1–11.

Shor, E., & Roelfs, D. J. (2015). Social contact frequency and all-

cause mortality: A meta-analysis and meta-regression. Social Sci-

ence & Medicine, 128, 76–86.

Smith, S. G., Jackson, S. E., Kobayashi, L. C., & Steptoe, A. (2018).

Social isolation, health literacy, and mortality risk: Findings from

the English Longitudinal Study of Ageing. Health Psychology,

37(2), 160–169.

Socio-Economic Panel. (2018). Socio-economic panel (SOEP), data

for years 1984–2017, Version 34. https://doi.org/10.5684/soep.v3y

Therneau, T. M. (2015). A package for survival analysis in S: Version

2.38. https://cran.r-project.org/package¼survival

Thoits, P. A. (2010). Stress and health: Major findings and policy

implications. Journal of Health and Social Behavior, 51(Suppl.

1), S41–S53.

Uchino, B. N. (2006). Social support and health: A review of physio-

logical processes potentially underlying links to disease outcomes.

Journal of Behavioral Medicine, 29(4), 377–387.

Umberson, D., Crosnoe, R., & Reczek, C. (2010). Social relationships

and health behavior across life course. Annual Review of Sociol-

ogy, 36, 139–157.

Umberson, D., & Montez, J. K. (2010). Social relationships and

health: A flashpoint for health policy. Journal of Health and Social

Behavior, 51, 54–66.

12 Social Psychological and Personality Science XX(X)

https://doi.org/10.21338/NSD-ESS-CUMULATIVE
https://doi.org/10.21338/NSD-ESS-CUMULATIVE
https://www.icaa.cc/industrynews/2017-07/Senate-committee-examines-impact-of-social-isolation-and-loneliness-initiatives-that-build-community.htm
https://www.icaa.cc/industrynews/2017-07/Senate-committee-examines-impact-of-social-isolation-and-loneliness-initiatives-that-build-community.htm
https://www.icaa.cc/industrynews/2017-07/Senate-committee-examines-impact-of-social-isolation-and-loneliness-initiatives-that-build-community.htm
https://doi.org/10.5684/soep.v3y
https://cran.r-project.org/package=survival
https://cran.r-project.org/package=survival


Valtorta, N. K., Kanaan, M., Gilbody, S., Ronzi, S., & Hanratty, B.

(2016). Loneliness and social isolation as risk factors for coronary

heart disease and stroke: Systematic review and meta-analysis of

longitudinal observational studies. Heart, 102(13), 1009.

Wilson, T. D., & Gilbert, D. T. (2005). Affective forecasting: Know-

ing what to want. Current Directions in Psychological Science,

14(3), 131–134.

Windsor, T. D., Anstey, K. J., & Rodgers, B. (2008). Volunteering and

psychological well-being among young-old adults: How much is

too much? The Gerontologist, 48(1), 59–70.

Youyou, W., Kosinski, M., & Stillwell, D. (2015). Computer-based per-

sonality judgments are more accurate than those made by humans.

Proceedings of the National Academy of Sciences, 112(4), 1036.

Yarkoni, T., & Westfall, J. (2017). Choosing prediction over explana-

tion in psychology: Lessons from machine learning. Perspectives

on Psychological Science, 12(6), 1100–1122.

Author Biographies

Olga Stavrova is an Assistant Professor at Tilburg University. Her

research expertise includes psychology of cynicism and trust, subjec-

tive well-being, and social decision-making.

Dongning Ren is an Assistant Professor at Tilburg University. Her

research interests are social exclusion, social inclusion, and solitude.

Handling Editor: Richard Slatcher

Stavrova and Ren 13



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


