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We evaluated the association between two aspects of social relationships and six inflammatory markers
in Taiwan and the U.S. These two countries share similar levels of current life expectancy, but exhibit
important differences in social structure. The data comprised population based samples from Taiwan
(aged 53þ; n¼ 962) and the U.S. (aged 35e86; n¼ 990) collected between 2003 and 2009. Circulating
levels of interleukin-6 (IL-6), C-reactive protein (CRP), fibrinogen, and soluble forms of intercellular
adhesion molecule 1, E-selectin, and IL-6 receptor (sIL-6R) were measured in fasting blood samples. A
social integration score was based on marital status, contact with family and friends, church attendance,
and other social participation. A perceived social support index was based on questions regarding the
availability of care and support from family and friends. Linear regression models tested the association
between these two measures and each inflammatory marker controlling for sociodemographic charac-
teristics, obesity, medication use, and baseline health status. After adjusting for potential confounders,
social integration had a significant but weak inverse association with CRP in Taiwan. Perceived social
support was significant in two of 12 models, and the coefficient was positive (i.e., higher support was
associated with higher CRP and sIL-6R in the U.S.). We found no evidence that the coefficients for social
relationship measures varied by sex or age. Our results yielded limited evidence of a weak association
between two dimensions of social relationships and six inflammatory markers in Taiwan and the U.S.
Given that the literature suggests a strong link between social relationships and mortality, and that
inflammation plays an important role in the leading causes of death, we had expected to find consistent
and moderately strong associations between social relationships and inflammatory markers. The small
effect sizes and lack of robustness across markers were surprising.

� 2012 Elsevier Ltd. All rights reserved.
Introduction

A recent meta-analysis concludes that the link between social
relationships and mortality is as strong or stronger than other well
known risk factors such as smoking, physical activity, and drug
treatment for hypertension (Holt-Lunstad, Smith, & Layton, 2010).
Yet the physiological and behavioral pathways through which
social relationships affect survival are not well understood. Among
studies that examine the link between social relationships and
physiological parameters, markers of immune function and/or
inflammation yield the most consistent effects (Kiecolt-Glaser,
Gouin, & Hantsoo, 2010; Uchino, 2006). Chronic inflammation is
a significant predictor of mortality and plays an important role in
Rosa, CA 95409-3912, USA.
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the development of cardiovascular disease and other conditions
(Kiecolt-Glaser et al., 2010; Pearson et al., 2003), although it
remains unclear whether this association is causal. Prior studies of
social relationships and inflammation are based largely on samples
of U.S. or European populations. Most rely on a small number of
subjects, examine only one inflammatory marker, or include only
one dimension of social relationships.

Measures of social relationships are typically based on the
existence of social ties, or on the function or perceived quality of
those networks (Cohen, 1988). Holt-Lunstad et al. (2010) finds that
measures of social integration that incorporate multiple compo-
nents (e.g., marital status, network size, network participation)
yield the strongest association with mortality. Among measures of
the quality of social relationships, perceived social support and
loneliness also exhibit notable associations with mortality (Holt-
Lunstad et al., 2010). The two main pathways through which
social relationships may affect inflammationdand in turn,
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healthdinvolve behavioral and psychological processes (Cohen,
1988; Uchino, 2006). Social relationships may influence health
behaviors and health care by providing information and tangible
resources or by indirect means and may also have psychological
effects on affect, self-esteem, personal mastery, sense of life
purpose and perceptions of stress.

Differences in social structure across cultures could contribute
variation in both the nature of social relationships and how those
relationships affect health. Americans favor self-expression and
independence in relationships with others, whereas Chinese value
interdependence and social harmony (Markus & Kitayama, 1991).
Social ties with family are likely to be more prevalent in Taiwan
compared with the U.S. Divorce rates are lower than in the U.S.
Older Taiwanese are more likely than their U.S. counterparts to live
with or in close proximity to their married children or other rela-
tives. In Taiwan, adult sons are expected to provide financial
support for their elderly parents.

This study uses data from large population based samples of
adults inTaiwan and theU.S. to examine associations between social
relationships and six inflammatory markers: interleukin-6 (IL-6)
and its soluble receptor (sIL-6R), C-reactive protein (CRP), fibrin-
ogen, soluble intercellular adhesion molecule 1 (sICAM-1), and
soluble E-selectin (sE-selectin). Given the complexityof the immune
system, no single marker can adequately capture inflammatory
processes. Our analyses allow us to determine the consistency of
patterns across multiple measures of inflammation, for different
dimensions of social relationships, and between countries. Prior
studies of the link between social relationships and inflammation
have focused on IL-6, CRP, or fibrinogen, while the other markers
considered here have rarely been examined. Given that the six
inflammatorymarkers are biologically related,we anticipate similar
associations. However, we hypothesize that the associations with
inflammation will be stronger for integration than for perceived
support given its stronger association with mortality (Holt-Lunstad
et al., 2010). Taiwan and the U.S. provide interesting contexts for
investigating these questions because theyexperience similar levels
of life expectancy and patterns of chronic disease, but as noted
above, differ substantially in social structure, particularly with
regard to self-other relations. Although these differences in the
social environmentmay lead to variations in the estimates between
the two countries, we expect to find significant associations
between social relationships and inflammation in both populations.

Methods

Taiwan

The Taiwan data came from the 2006 wave of the Social Envi-
ronment and Biomarkers of Aging Study (SEBAS) and the 2003
wave of its parent study, the Taiwan Longitudinal Study of Aging
(TLSA). TLSA began in 1989 with a nationally representative sample
of persons aged 60 and older; younger refresher cohorts were
added in 1996 and 2003. In 2000, a random sample of those
interviewed in the 1999 TLSA was selected for SEBAS; the oldest
cohort and urban residents were oversampled. Among the 1497
respondents who completed the in-home interview, 1023 (68%)
participated in a physical examination.

The sampling frame for the 2006 follow-up included those who
completed the 2000 SEBAS exam (aged 60þ) and a random sample
of the younger cohort (aged 53e60) first interviewed in 2003.
Among the 1284 respondents who completed the 2006 interview,
1036 (81%) participated in the physical examination; 3 died before
the exam, 32 were not eligible because of a health condition, and
213 declined. [See Supplemental Fig. S1, which shows response
rates and attrition.]
Analyses presented elsewhere document the predictors of exam
participation (Goldman, Glei, Lin, & Weinstein, 2010; Goldman, Lin,
Weinstein, & Lin, 2003): average self-reported health status was
almost identical for exam participants and non-participants. We
also found that exam participants did not differ significantly from
non-participants in terms of the social relationship measures (data
not shown). Written informed consent was obtained for partici-
pation in both the in-home interview and hospital visit, which
entailed a medical examination.

The hospital-based physical examination, including collection of
a fasting blood specimen, occurred several weeks after the home
interview. Blood specimens were analyzed at Union Clinical Labo-
ratories (UCL) in Taipei. In addition to routine standardization and
calibration tests, triplicate sets of specimens were contributed by
10 individuals outside the target sample: two sets were sent to UCL
and the third set was sent to Quest Diagnostics in the US (San Juan
Capistrano, CA). The results indicated high intra-lab reliability
(�0.83) and strong inter-lab correlations (�0.90) for CRP, IL-6, and
fibrinogen; data were not available for sICAM-1, sE-selectin, or sIL-
6R. Additional details about the study are provided elsewhere
(Chang, Glei, Goldman, & Weinstein, 2007; Glei, Goldman, Lin, &
Weinstein, 2011). The SEBAS data collection (Taiwan) was
approved by human subjects committees in Taiwan and at Geor-
getown University and Princeton University.

United States

The U.S. data came from the Midlife Development in the United
States (MIDUS) National Study (Ryff et al., 2007). MIDUS began in
1995 with a sample of non-institutionalized, English speaking
residents of the contiguous United States, aged 25e76. National
random digit dialing was used to select the main sample
(n¼ 3487) and a sample of twin pairs (n¼ 1914). The study also
included a random subsample of siblings of individuals in the
main sample (n¼ 950) and oversamples from five metropolitan
areas in the U.S. (n¼ 757). The response rate for the phone
interview ranged from 60% for the twin subsample to 70% for the
main sample.

Between 2004 and 2006, a follow-up phone interview was
completed by 4963 of the MIDUS I participants (75% of survivors).
Of those, 81% (n¼ 4041) also returned the mail-in self-adminis-
tered questionnaire (SAQ). Among the original MIDUS I cohort,
participation in MIDUS II was higher among whites, females, and
those who were married, better educated, and in better health
(Radler & Ryff, 2010).

Participants in the biomarker component of MIDUS II made
a two-day visit to one of three clinical research centers (East coast,
Midwest, West coast) during 2004e2009, where they completed
health assessments, a fasting blood draw, and an overnight 12-h
urine collection. Respondents from the main and twin subsam-
ples who completed the phone interview and SAQ (n¼ 3018) were
recruited for the biomarker component. Of these, 338 respondents
were deemed ineligible because existing health information sug-
gested that travel to the clinic would entail excessive risk to the
respondent or project staff (Love, Seeman, Weinstein, & Ryff, 2010).
Clinic visits were completed by 1054 participants (39% of those
eligible; 42% of those contacted). This sample does not include the
new city-specific (Milwaukee) oversample of African-Americans
added in MIDUS II (n¼ 201 participated in the clinic visit).
Although siblings and city oversamples were not generally
recruited, a small number (n¼ 26) of clinic participants came from
these sources. All participants provided informed consent. The
MIDUS data collection (U.S.) was approved by the institutional
review boards at the University of Wisconsin-Madison, UCLA, and
Georgetown University.
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Analyses presented elsewhere (Love et al., 2010) indicate that
respondents in the biomarker sample did not differ significantly
from those in the interview sample in terms of age, sex, race,
marital status, income, or various health indicators, but they were
more likely to have a college degree, less likely to be a current
smoker, andmore likely to use alternative medicine comparedwith
the national sample. Clinic participants also reported significantly
higher levels of social integration and perceived availability of
social support than thosewho did not complete the clinic visit (data
not shown). IL-6 and sIL-6R were assayed at the MIDUS BioCore Lab
(University of Wisconsin, Madison), while other inflammatory
markers were assayed at the Laboratory for Clinical Biochemistry
Research (University of Vermont, Burlington).

Because assays were performed by different laboratories,
caution is warranted in making direct comparisons of the labora-
tory results for Taiwan and the U.S. Nonetheless, differences in the
absolute levels do not hinder comparisons of the associations
between social relationships and those biomarkers.

Measures

Inflammatory markers
Outcomes include circulating levels of IL-6 and its soluble

receptor (sIL-6R), CRP, fibrinogen, sICAM-1, and sE-selectin; higher
values denote greater inflammation. The inflammatory cascade is
initiated by primary proinflammatory cytokines (e.g., IL-1, TNF-a)
that elicit production of “messenger” cytokine, IL-6, which in turn,
stimulates the synthesis of acute phase proteins (e.g., CRP, fibrin-
ogen) in the liver (Libby & Ridker, 1999). IL-6 forms a complex with
sIL-6R in the blood that activates inflammatory processes (Jones,
Horiuchi, Topley, Yamamoto, & Fuller, 2001; Knupfer & Preiss,
2008): sIL-6R is believed to enhance the effect of IL-6 by prolong-
ing its half-life and by activating cells that are not normally
responsive to IL-6 (Jones et al., 2001; Jones & Rose-John, 2002). CRP
is a non-specific marker of systemic inflammation and fibrinogen
aids in blood clotting. The primary cytokines also activate the
expression of cell adhesion molecules (e.g., ICAM-1, selectins),
which in turn, target the transfer of leukocytes to inflamed areas
and allow interactions between leukocyte and endothelial cells
(interior of blood vessels) (Walzog & Gaehtgens, 2000). sICAM-1
and sE-selectin are soluble forms that are shed by activated cells
and are measurable in blood (Blankenberg, Barbaux, & Tiret, 2003).

For both surveys, inflammatory markers were based on fasting
blood specimens collected during the hospital/clinic visit (see
Supplemental Table S1, which lists assay methods and lower
detection limits). There were a few respondents for whom values
were outside the detectable range (SEBAS: n¼ 28 for IL-6, n¼ 1 for
sICAM-1; MIDUS: n¼ 32 for CRP, n¼ 1 for sE-selectin, n¼ 1 for
sICAM-1). These values were recoded to the detection limit or just
below. To normalize markers with a skewed distribution, we
applied a log transformation to IL-6, CRP, sIL-6R, & sE-selectin; and
a square root transformation to fibrinogen and sICAM-1.

Among these inflammatory markers, lnðCRPÞ was moderately
correlated with lnðIL � 6Þ (r¼ 0.42 in Taiwan, 0.45 in the U.S.) andffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
fibrinogen

p
(r¼ 0.40 in Taiwan, 0.45 in the U.S.). The correlation

between
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
fibrinogen

p
and lnðIL � 6Þ was stronger in the U.S.

(r¼ 0.35) than Taiwan (r¼ 0.21), while the reverse was true for the
correlation between

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
sICAM� 1

p
and lnðsE� selectinÞ (r¼ 0.45 in

Taiwan, 0.11 in the U.S.). With a few exceptions, the remaining
correlations were between 0.10 and 0.27.

Social relationships
Marital status was determined at the 2006 SEBAS interview for

Taiwan and at the clinic visit for the U.S. The lag between the 2006
SEBAS interviewand collection of biomarkers was about onemonth
(mean¼ 4.6 weeks, range¼ 0e12.1). Other indicators of social
relationships came from the 2003 TLSA (Taiwan) and the SAQ (U.S.).
The lag between these measurements and the collection of the
biomarkers was similar for the two samples: an average of 3.0 years
(range¼ 2.6e3.3) for Taiwan; an average of 2.2 years
(range¼ 0.0e5.2) for the U.S. Given the potential for reverse-
causality (e.g., ill health may affect social engagement), our lag-
ged measures of social relationships support the implied temporal
order of predictor and outcome.

We combined multiple components to create a measure of
social integration similar to the Berkman-Syme Social Network
Index used in other studies (Ford, Loucks, & Berkman, 2006; Loucks
et al., 2006). One point was assigned for each of the following
components, resulting in a score ranging from 0 to 4 (see
Supplemental Table S2, which lists the survey questions):

1. Respondent was married or lived with a partner/companion;
2. Respondent had weekly contact with at least one non-resident

family member and at least one friend/neighbor;
3. Respondent attended church/temple at least sometimes/

monthly; and
4. Respondent participated in some other social group.

Ourmeasure of perceived social support was based on questions
regarding the availability and quality of care and support from
friends and family. The U.S. questions explicitly excluded the
spouse/partner, whereas the Taiwan questions referred to family
and friends more generally (see Supplemental Table S3, which
provides details regarding items and construction). The resulting
index had a potential range of 0e3 and good psychometric prop-
erties (alpha¼ 0.77 for Taiwan; 0.86 for the U.S.). The correlation
between social integration and perceived support was small
(r¼ 0.13 for Taiwan and 0.33 for the U.S., not shown).

Health behaviors
Smoking history was asked during the 2006 home interview in

Taiwan and during the clinic visit in the U.S. Alcohol intake was
asked during the hospital/clinic visit and referred to consumption
over the past six months for the Taiwan sample and over the past
month for the U.S. sample. In Taiwan, the response categories for
alcohol intake comprised never, sometimes, and frequently. To
create comparable categories for the U.S. sample, we defined
frequent use as five or more days a week.

Control variables
Sociodemographic controls included sex, age, educational

attainment, and race/ethnicity. Educational attainment was deter-
mined at the baseline wave of TLSA for Taiwan and during the
phone interview of MIDUS II for the U.S. Because the distributions
differed greatly by country (Table 1), the regression models
included a set of dummy variables where the highest category in
Taiwan comprised those with 13 or more years and the lowest
category in the U.S. included those with 12 or fewer years. In
Taiwan, we defined ethnicity as Taiwanese versus Mainlander. In
the U.S., race/ethnicity was defined as non-Hispanic white versus
all others.

Because obesity may have affected immune markers (O’Connor
et al., 2009) as well as social relationships, we adjusted for waist
circumferencemeasured at the time of the hospital/clinic exam.We
also controlled for use of three types of medication (antihyper-
tensives, lipid-lowering agents, and hormones/steroids) that may
have affected levels of inflammation. Information about medication
use came from the 2006 SEBAS interview (Taiwan) and the MIDUS
clinic visit (U.S.). Finally, we included controls for baseline health
status (2003 for Taiwan; at the time of the phone interview or SAQ



Table 1
Descriptive statistics for analysis variables by country.

Taiwana

(n¼ 961)
United States
(n¼ 970)

Control variables
Age, mean (SD), y 65.2 (9.1) 57.9 (11.5)
Education
6 Years or less, no. (%) 624 (64.9) 1 (0.1)
7e11 Years, no. (%) 110 (11.5) 34 (3.5)
H.S. graduate/GED, no. (%) 117 (12.1) 202 (20.8)
13e15 years, no. (%) 47 (4.9) 277 (28.6)
College graduate, no. (%) 57 (5.9) 225 (23.2)
Graduate school, no. (%) 6 (0.6) 231 (23.8)

Mainlander, no. (%) 97 (10.1) N/A
Hispanic, nonwhite or

mixed race, no. (%)
N/A 116 (12.0)

Waist circumference, mean (SD), cm 83.9 (9.8) 96.5 (16.7)
Antihypertensive medication, no. (%) 272 (28.3) 336 (34.6)
Lipid-lowering medication, no. (%) 63 (6.6) 283 (29.2)
Hormone/steroid medication, no. (%)b 41(4.2) 150 (15.5)
Self-assessed health status

(1e5), mean (SD)
3.3 (1.0) 3.7 (0.9)

CES-depression scale (0e30),
mean (SD)

4.3 (5.1) N/A

CIDI-SF depressive symptoms
(0e7), mean (SD)

N/A 0.6 (1.8)

Functional limitations (0e6), mean (SD) 1.0 (1.6) 1.7 (2.0)

Measures of social relationships
Married or lives with a partner, no. (%) 756 (78.7) 718 (74.0)
Weekly contact with non-resident

family, no. (%)
903 (94.0) 844 (87.0)

Weekly contact with friends, no. (%) 745 (77.5) 783 (80.7)
Weekly contact with both family

and friends, no. (%)
705 (73.4) 701 (72.3)

Attends church/temple at least
sometimes/monthly, no. (%)

571 (59.4) 543 (56.0)

Participates in some other social
group, no. (%)

444 (46.2) 634 (65.4)

Social integration (0e4), mean (SD) 2.6 (1.0) 2.7 (1.1)
Score¼ 0, no. (%) 20 (2.1) 23 (2.4)
Score¼ 1, no. (%) 122 (12.6) 128 (13.2)
Score¼ 2, no. (%) 285 (29.6) 241 (25.0)
Score¼ 3, no. (%) 355 (36.9) 323 (33.4)
Score¼ 4, no. (%) 182 (18.9) 252 (26.1)

Perceived social support (0e3),
mean (SD)

2.5 (0.4) 2.4 (0.5)

Score¼ 0e0.9, no. (%) 4 (0.5) 14 (1.4)
Score¼ 1e1.9, no. (%) 70 (7.3) 141 (14.5)
Score¼ 2e2.9, no. (%) 688 (71.4) 651 (67.3)
Score¼ 3, no. (%) 201 (20.9) 162 (16.7)

Health behaviors
Never smoked, no. (%) 604 (62.9) 516 (53.2)
Former smoker, no. (%) 169 (17.6) 341 (35.2)
Current smoker, no. (%) 188 (19.6) 113 (11.7)
Never drink alcohol, no. (%) 692 (72.0) 313 (32.3)
Sometimes drink alcohol, no. (%) 212 (22.0) 518 (53.4)
Frequently drink alcohol, no. (%) 57 (6.0) 139 (14.3)

Inflammatory markers
C-reactive protein, mean (SD), mg/L 1.6 (1.7) 2.1 (2.1)
IL-6, mean (SD), pg/mL 3.3 (5.2) 2.6 (2.5)c

Soluble IL-6 receptor, mean (SD), ng/mL 43.4 (17.1) 36.5 (10.3)c

Fibrinogen, mean (SD), mg/dL 324.5 (65.0) 336.4 (79.8)
Soluble ICAM-1, mean (SD), ng/mL 268.1 (94.7) 285.7 (98.7)c

Soluble E-selectin, mean (SD), ng/mL 43.2 (34.7) 41.3 (20.6)c

Abbreviations: ICAM-1, intercellular adhesion molecule 1; IL-6, interleukin-6.
a Data for Taiwan are weighted to adjust for oversampling and for differential

response rates by age, sex and other covariates.
b Includes corticosteroids, androgens, estrogens, and progestins (including

hormonal contraceptives). In Taiwan, the variable also includes thyroid and
hypophysis (pituitary) hormones; the data are not sufficiently detailed to distin-
guish between these hormones and steroids. Thus, this measure captures use of
steroidal anti-inflammatories (e.g., dexamethasone, prednisone), but data are not
available in both surveys to identify use of nonsteroidal anti-inflammatories (e.g.,
ibuprofen, aspirin, naproxen).

c One respondent from MIDUS is missing data for IL-6, sIL-6R, sICAM-1, and sE-
selectin.
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for the U.S.): self-assessed health status, depressive symptoms, and
functional limitations.

Analytical strategy

The analysis sample for Taiwan was based on respondents who
completed the 2006 SEBAS exam (n¼ 1036). For the U.S., analyses
were based on respondents who participated in the biomarker
component of MIDUS II (n¼ 1054). Because very high levels of CRP
(>10 mg/L) are likely to reflect acute rather than chronic inflam-
mation (Pearson et al., 2003), we excluded respondents with such
values (SEBAS, n¼ 41; MIDUS, n¼ 31). A few additional respondents
were excluded because ofmissing data for CRP (SEBAS, n¼ 4;MIDUS,
n¼ 14) or one of the covariates (SEBAS, n¼ 30; MIDUS, n¼ 39),
leaving an analysis sample of 961 for Taiwan and 970 for the U.S.

Using linear regression, we estimated two models for each
inflammatory marker (transformed as described above). The first
model included social integration, perceived social support, and
control variables. The second model added health behaviors, which
may mediate the link between social relationships and inflamma-
tion. Prior to model fitting, we standardized the outcome variables
and the measures of social relationships to have a mean of zero and
a standard deviation of one to facilitate comparisons of effect size.
Models for Taiwan controlled for urban residence and included
a random level effect for primary sampling unit (PSU) to account for
the multi-stage sampling design. Models for the U.S. included
a family-level random effect to account for sampling multiple
individuals from the same family.

Results

Descriptive statistics for all variables in the analysis are shown in
Table 1. The mean ages for the two study samples reflected the
younger range of the U.S. sample (35e86) compared with the
Taiwan sample (53e97). As noted earlier, the educational distri-
butions also differed: the majority of the Taiwan sample, but less
than 1% of the U.S. sample, had six or fewer years of education; the
percentage with post-graduate education was less than 2% in
Taiwan but nearly one-quarter in the U.S. The older age of the
Taiwan sample contributed to the educational disparity because the
oldest Taiwanese cohorts received little education. By contrast,
educational attainment among today’s young Taiwanese is high.

As expected, the Taiwanese reported stronger social ties with
family than Americans: they were more likely to be married and
have regular contact with family members (p< 0.05 for both
differences). On the other hand, Americans were more likely to
participate in other social groups than the Taiwanese (65% versus
46%, respectively, p< 0.001). Yet, overall levels of social integration
and perceived social support were very similar between countries.

Based on models that control for potential confounders
(Tables 2e5, Model 1), there was a significant inverse association
between social integration and CRP in Taiwan. But the magnitude
was modest: a one SD increase in social integration was associated
with 0.07 of a SD decrease in log(CRP)dthat is, a 7% decrease in CRP.
Perceived social support was significant in two cases, but the
coefficients were positive: higher levels of support were associated
with higher levels of CRP and sIL-6R among U.S. respondents.

We found no evidence that the associations between social
relationships and inflammatory markers varied by sex or age. Sex
interactions with the twomeasures of social relationships were not
significant for any outcome in either country (data not shown).
Similarly, no interaction between age and social relationship
measures was significant.

Because the measure of social integration did not represent an
underlying latent construct (i.e., the components were not highly



Table 3
Coefficients from linear regression models predicting IL-6, CRP, & fibrinogen, U.S. (n¼ 970).a

lnðIL � 6Þ lnðCRPÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
fibrinogen

p

(1) (2) (1) (2) (1) (2)

Female 0.74* 0.71* 0.70* 0.66* 0.61 0.59
Age 0.02*** 0.02*** 0.00 0.00 0.01** 0.01**
Age� female �0.01 �0.01 0.00 0.00 0.00 0.00
Hispanic/nonwhite/mixed race �0.08 �0.08 �0.10 �0.11 0.15 0.15
(H.S. graduate or less)
Some college �0.02 �0.02 �0.03 �0.04 �0.16 �0.17
College graduate �0.10 �0.09 �0.17 �0.16 �0.16 �0.14
Graduate school 0.00 0.02 �0.05 �0.02 �0.13 �0.11
Waist circumference 0.02*** 0.02*** 0.03*** 0.03*** 0.02*** 0.02***
Antihypertensive medication 0.14* 0.15* 0.05 0.06 �0.03 0.00
Lipid-lowering medication 0.04 0.04 �0.18* �0.17* 0.11 0.12
Hormone/steroid medication 0.06 0.07 0.40*** 0.42*** �0.12 �0.10
CIDI-SF 0.01 0.01 �0.01 �0.02 0.01 0.00
Self-assessed health status �0.09* �0.08* �0.10* �0.09* �0.04 �0.03
Functional limitations 0.03 0.03 0.03 0.03 �0.01 �0.02
Social integration �0.04 �0.04 �0.04 �0.03 �0.03 �0.02
Perceived support 0.03 0.02 0.06* 0.06* 0.03 0.03
(Never smoked)
Former smoker 0.04 0.03 �0.03
Current smoker 0.16 0.22* 0.18
(Never drinks alcohol)
Sometimes drinks alcohol �0.03 0.04 0.01
Frequently drinks alcohol �0.05 �0.05 �0.18
Constant �2.67*** �2.72*** �2.33*** �2.45*** �2.15*** �2.25***

Overall R2 0.19 0.20 0.23 0.23 0.11 0.11

*p< 0.05; **p< 0.01; ***p< 0.001.
Note: Outcome variables and measures of social relationships were standardized (to mean¼ 0 and SD¼ 1 for the pooled sample) prior to model fitting. The model includes
a family-level random effect to account for sampling multiple individuals from the same family.

a Analyses are based on 969 respondents for IL-6.

Table 2
Coefficients from linear regression models predicting IL-6, CRP, & fibrinogen, Taiwan (n¼ 961).

lnðIL � 6Þ lnðCRPÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
fibrinogen

p

(1) (2) (1) (2) (1) (2)

Urban resident �0.16 �0.13 0.08 0.07 0.22** 0.18
Female 0.52 0.59 2.02*** 2.26*** 1.23** 1.29**
Age 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***
Age� female �0.01 �0.01 �0.03*** �0.03*** �0.02** �0.02**
Mainlander �0.07 �0.10 �0.26** �0.26** �0.25* �0.27**
(<6 years education)
7e11 years education 0.13 0.11 0.01 0.00 0.01 �0.00
12 years education �0.15 �0.17 �0.33*** �0.33*** �0.19* �0.20*
13þ years education �0.14 �0.16 �0.28** �0.27** �0.12 �0.10
Waist circumference 0.02*** 0.02*** 0.03*** 0.03*** 0.00 0.00
Antihypertensive medication 0.08 0.10 0.07 0.08 0.11 0.11
Lipid-lowering medication 0.22 0.19 0.09 0.08 0.32** 0.29*
Hormone/steroid medication 0.09 0.11 0.04 0.04 �0.13 �0.14
CES-D 0.00 0.00 0.00 �0.01 �0.01 �0.01
Self-assessed health status �0.05 �0.05 0.00 0.00 0.00 0.00
Functional limitations 0.01 0.01 0.01 0.01 0.02 0.03
Social integration �0.05 �0.04 �0.07* �0.07* �0.03 �0.01
Perceived support 0.04 0.05 �0.02 �0.02 0.00 �0.01
(Never smoked)
Former smoker 0.14 0.12 0.17
Current smoker 0.26** 0.25** 0.35***
(Never drinks alcohol)
Sometimes drinks alcohol 0.13 0.15* �0.02
Frequently drinks alcohol �0.33* �0.15 �0.26*
Constant �2.73*** �2.78*** �3.47*** �3.70*** �1.41** �1.47**

Overall R2 0.12 0.14 0.13 0.14 0.06 0.08

Abbreviations: CRP, C-reactive protein; sICAM-1, soluble intercellular adhesion molecule 1; IL-6, Interleukin-6; sE-selectin, soluble E-selectin; sIL-6R, soluble IL-6 receptor.
*p< 0.05; **p< 0.01; ***p< 0.001.
Note: Outcome variables and measures of social relationships were standardized (to mean¼ 0 and SD¼ 1 for the pooled sample) prior to model fitting. The model includes
a random level effect for PSU to account for the multi-stage sampling design.
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Table 4
Coefficients from linear regression models predicting sICAM-1, sE-selectin, & sIL-6R, Taiwan (n¼ 961).

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
sICAM� 1

p
lnðsE� selectinÞ lnðsIL � 6RÞ

(1) (2) (1) (2) (1) (2)

Urban resident �0.05 �0.06 0.04 0.00 �0.23* �0.21**
Female 0.65 0.75 0.52 0.58 0.44 0.47
Age 0.02** 0.02** 0.00 0.00 0.01 0.01
Age� female �0.01 �0.01 �0.01 �0.01 �0.01 0.00
Mainlander �0.11 �0.10 �0.30** �0.32** �0.06 �0.04
(< 6 years education)
7e11 years education �0.13 �0.12 �0.21* �0.23* �0.06 �0.06
12 Years education �0.17 �0.13 �0.04 �0.05 �0.14 �0.17
13þ Years education �0.29** �0.25* �0.35** �0.36** �0.16 �0.16
Waist circumference 0.01** 0.01** 0.03*** 0.03*** 0.01* 0.01*
Antihypertensive medication 0.01 0.02 0.14 0.16* 0.08 0.08
Lipid-lowering medication 0.22 0.22 0.14 0.07 0.16 0.14
Hormone/steroid medication 0.23 0.22 �0.21 �0.21 �0.08 �0.10
CES-D 0.01 0.01 0.01 0.01 �0.01 �0.01
Self-assessed health status �0.03 �0.03 �0.06 �0.07 �0.10** �0.10**
Functional limitations 0.00 0.00 �0.04 �0.03 0.00 0.01
Social integration �0.05 �0.04 �0.01 0.01 �0.05 �0.05
Perceived support �0.01 �0.01 0.05 0.05 0.05 0.06
(Never smoked)
Former smoker 0.10 0.12 0.07
Current smoker 0.33** 0.13 0.23*
(Never drinks alcohol)
Sometimes drinks alcohol �0.11 0.04 �0.10
Frequently drinks alcohol 0.12 0.11 �0.25
Constant �1.96*** �1.97*** �1.81*** �1.82*** �0.60 �0.55

Overall R2 0.07 0.09 0.14 0.41 0.07 0.08

*p< 0.05; **p< 0.01; ***p< 0.001.
Note: Outcome variables and measures of social relationships were standardized (to mean¼ 0 and SD¼ 1 for the pooled sample) prior to model fitting. The model includes
a random level effect for PSU to account for the multi-stage sampling design.
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intercorrelated), we considered whether the associationwas driven
by particular components. We estimated an auxiliary set of models
that included a dichotomous variable for each of the four compo-
nents (not shown). All of the coefficients were small and only a few
Table 5
Coefficients from linear regression models predicting sICAM-1, sE-selectin, & sIL-6R, U.S

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
sICAM� 1

p

(1) (2)

Female 0.44 0.36
Age 0.01** 0.01**
Age� female �0.01 0.00
Hispanic/nonwhite/mixed race �0.25* �0.26**
(H.S. graduate or less)
Some college �0.02 �0.03
College graduate �0.23* �0.18*
Graduate school �0.19* �0.14
Waist circumference 0.01*** 0.01***
Antihypertensive medication �0.12 �0.10
Lipid-lowering medication 0.01 0.01
Hormone/steroid medication �0.13 �0.07
CIDI-SF 0.00 �0.01
Self-assessed health status �0.08* �0.06
Functional limitations 0.00 �0.01
Social integration �0.05 �0.02
Perceived support �0.01 �0.01
(Never smoked)
Former smoker 0.05
Current smoker 0.68***
(Never drinks alcohol)
Sometimes drinks alcohol �0.08
Frequently drinks alcohol 0.00
Constant �1.16** �1.44***

Overall R2 0.08 0.11

*p< 0.05; **p< 0.01; ***p< 0.001.
Note: Outcome variables and measures of social relationships were standardized (to me
a family-level random effect to account for sampling multiple individuals from the same
attained statistical significance. Having a spouse/partner was
inversely associated with IL-6 in the U.S. Contact with family and
friends was not significant in any model, but when we included
separate indicators for family and for friends we discovered that
. (n¼ 969).

lnðsE� selectinÞ lnðsIL � 6RÞ
(1) (2) (1) (2)

�0.58 �0.60* �0.07 �0.04
�0.01* �0.01* 0.00 0.00
0.01 0.01 0.00 0.00
0.15 0.15 �0.19* �0.19*

0.01 0.00 �0.04 �0.04
�0.01 0.00 �0.09 �0.10
�0.03 �0.01 �0.12 �0.13
0.01*** 0.01*** 0.01** 0.01**
0.08 0.09 �0.04 �0.05
0.00 0.01 �0.07 �0.07

�0.26*** �0.24** �0.13 �0.14
0.00 0.00 0.02 0.02
0.02 0.02 0.01 0.00
0.02 0.02 0.02 0.03
0.04 0.05 0.02 0.01
0.01 0.00 0.06* 0.06*

�0.01 �0.05
0.20* �0.14

0.02 0.00
0.01 �0.02

�0.51 �0.63 �0.85* �0.79*

0.08 0.08 0.04 0.04

an¼ 0 and SD¼ 1 for the pooled sample) prior to model fitting. The model includes
family.
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contact with family was inversely associated with two markers in
Taiwan (IL-6 & sE-selectin); there was no such relationship in the
U.S. The coefficient for contact with friends was significant in only
one case and positive: contact with friends was associated with
higher levels of sE-selectin in the U.S. Church attendance was
significant in 2 out of 12 models, both in the U.S.; it was associated
with lower levels of sICAM-1, but higher levels of IL-6. Finally,
participation in non-religious social groups had a significant
inverse association with two inflammatory markers (sICAM-1 &
sIL-6R) in Taiwan. Thus, in each country 4 out of 30 coefficients
(13%) were significant, but in the U.S. two of those were not in the
expected direction. The association between social integration and
inflammation was more consistent in Taiwan than in the U.S., but
the results remained sporadic and weak.

In Model 2, the addition of health behaviors had little effect on
the coefficients for social relationship measures. However, current
smoking was generally associated with higher levels of
inflammation.

To test the robustness of our results, we explored several
alternative models. First, we reestimated the models shown in
Tables 2e5 including respondents with high levels of CRP. The
results for Taiwan remained unchanged, but in the U.S. the coeffi-
cient for social integration became significant for sICAM-1
(b¼�0.07, pw 0.04). Second, we created dichotomous indicators
for low social integration (�1 of 4) and for low perceived support
(<2 of 3) to test for a threshold effect of social isolation. For social
integration, we found small but significant inverse associations (i.e.,
low levels associated with more inflammation) with CRP and
fibrinogen in Taiwan only. Low perceived support had the opposite
relationship with IL-6 in Taiwan and sIL-6R in the U.S. (i.e., low
support associated with lower inflammation). In sum, these alter-
native models suggested that the results were sensitive to
specification.

Discussion

After evaluating the relationship between two dimensions of
social relationships and six inflammatory markers in the U.S. and
Taiwan, we found only a few statistically significant associations.
Given that the literature suggests a strong link between social
relationships and mortality, and that inflammation plays an
important role in the leading causes of death, we had expected to
find consistent and moderately strong associations between social
relationships and inflammatory markers. The small effect sizes and
lack of robustness across markers were surprising.

Our measure of social integration exhibited a small inverse
associationwith CRP in Taiwan. The two previous studies of the link
between social integration and CRP, both based on U.S. samples,
showed mixed results: one reported no association with CRP
(Loucks et al., 2006), while the other found significant associations
with CRP for some sex-age combinations but not others (Ford et al.,
2006). We identified only one prior study of social integration and
IL-6, which showed an inverse association in a U.S. sample (Loucks
et al., 2006). In previous research focusing on the effects of social
integration, the most consistent relationship was reported for
fibrinogen (Loucks, Berkman, Gruenewald, & Seeman, 2005;
Rosengren et al., 1990; Steptoe et al., 2003; Wamala et al., 1999),
with only one study reporting no association (Helminen, Rankinen,
Vaisanen, & Rauramaa,1997). In our study, therewas no association
with fibrinogen.

We found no evidence that higher perceived support was
associated with lower inflammation. Two previous studies that
evaluated the relationship between overall perceived support and
IL-6 also found no significant effect in adjusted models (Costanzo
et al., 2005; Mezuk, Diez Roux, & Seeman, 2010), although
Costanzo et al. (2005) did find a significant association for one
(social attachment) of the six subscales tested. In the case of CRP,
we discovered a significant association in the U.S. but not in the
expected direction (perceived support was related to more
inflammation); there was no such relationship in Taiwan. Among
two prior studies, both based on U.S. samples, one reported no
association (McDade, Hawkley, & Cacioppo, 2006) and the other
found perceived support inversely associated with CRP, but it was
significant only for men (Mezuk et al., 2010). For fibrinogen, two
previous studies showed a significant inverse association (Davis &
Swan, 1999; Mezuk et al., 2010), while a third found the opposite
relationship (Helminen et al., 1997). We found no significant
association between perceived social support and fibrinogen in
either the U.S. or Taiwan.

We found one prior study that investigated the link between
social relationships and sICAM-1. Loucks et al. (2006) reported
a significant association between social integration and sICAM-1,
but only for men. There were no prior studies of the association
with sE-selectin or sIL-6R. Here, we found only one significant
association between social relationships and these threemarkers in
either country: perceived support was associated with higher sIL-
6R in the U.S.

As expected, the evidence supporting an association between
social relationships and lower inflammation was stronger for social
integration than for perceived support. There are several plausible
explanations. Measures of relationship quality may be more
susceptible to response bias and to cultural differences. For
example, respondents may sometimes provide socially desirable
responses for perceived support. Very few respondents in either
country gave negative answers to these questions. The limited
variability in this measure of perceived support may have
contributed to theweak results. Moreover, if those in ill health were
more likely to report the availability of such support, perhaps
because they felt a greater need, this reporting pattern could
generate the unexpected positive association with CRP and sIL-6R
that we observed in the U.S. On the other hand, perceived
support could be counterproductive in a society that values self-
reliance (e.g., U.S.), while being viewed more favorably in
a culture that favors interdependence (e.g., Taiwan) (Uchida,
Kitayama, Mesquita, Reyes, & Morling, 2008).

The analysis could be improved by better measures of rela-
tionship quality. First, such measures could encompass negative
(e.g., social conflict, loneliness) as well as positive aspects of
relationships. Second, they could reflect not only social support
provided by others, but also support provided to others, which
may be especially important in collectivistic cultures. Third, data
could be obtained regarding the quality of the respondent’s closest
relationships. The nature of such relationships may differ across
cultures and may change as people age. For example, Taiwanese
were more likely than Americans to participate in non-religious
social groups. Levels of church attendance appeared similar, but
followed different patterns with age: in Taiwan, church attendance
decreased at older ages, while the opposite was true in the U.S.
The Taiwan advantage in contact with family and the U.S. advan-
tage in contact with friends, church attendance, and participation
in other social groups were greater at older ages (65þ) than at
younger ages.

It is also possible that social relationships moderate the effects
of stressors on health, as posited by the stress-buffering hypothesis
(Cohen &Wills,1985;Wheaton,1985). The theory proposes that the
perceived level of stress is a product of exposure to stressors and
the resources one can mobilize to cope with those stressors (Cohen
& Wills, 1985). Thus, perceived stress may absorb whatever buff-
ering effect social support might have (i.e., thosewithmore support
have lower levels of perceived stress). A recent study evaluated the
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extent to which perceived social support moderates the effects of
stress on CRP, IL-6, and fibrinogen and found little evidence of such
stress buffering (Mezuk et al., 2010). However, themeasure of stress
appeared to reflect perceived stress rather than exposure to
potentially stressful events. A better test of the stress-buffering
hypothesis would be to investigate the interaction with exposure
to potential stressors.

The link between social relationships and inflammation is likely
to involve complex pathways that vary by individual and envi-
ronmental characteristics. Some prior studies suggested that the
association may be stronger for men than women (Loucks et al.,
2005, 2006; Mezuk et al., 2010) and another indicated that the
effect may depend on age (Ford et al., 2006). We found little
evidence that the effect of social relationships differs by sex or age.
The absence of age interactions suggests that differences in the age
ranges of the two samples do not account for inter-country differ-
ences in the effects of social relationships.

To the best of our knowledge, our results provide the first
comparison between an individualistic and a collectivistic culture
of the linkages between social relationships and multiple markers
of inflammation. Given that both social relationships and
biomarkers are dynamic, we should not be surprised that a single
snapshot fails to reveal dramatic effects. This study focused on basal
operating levels of biomarkers, but those basal levels are likely to be
the result of dynamic processes over a long period of time. Longi-
tudinal data with repeated assessments over time may yield
a stronger signal. In line with the stress-buffering hypothesis, we
may need to look more directly at how social relationships condi-
tion stress-induced reactivity. Some short term laboratory based
studies have demonstrated that social support reduces cardiovas-
cular responses to stressors (see review by Uchino, 2006), but more
attention is needed on the reactions across multiple, inter-related
systems. Still, identifying how best to quantify the dynamics of
physiological systems in people’s everyday liveswithmeasures that
are feasible for large-scale study is a big challenge. Strategies for
blending experimental approaches with longitudinal surveys could
represent a promising approach. Untangling these physiological
pathways will require a companionable marriage between small
studies that can identify the pathways that appear to be important
and large scale, population based studies that can test the viability
of those explanatory pathways.
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