
Sleep duration, sleep quality, and biomarkers of inflammation in
a Taiwanese population

Jennifer Beam Dowd, Ph.D.1,2,*, Noreen Goldman, D.Sc.3, and Maxine Weinstein, Ph.D.4
1Epidemiology and Biostatistics, Hunter College, School of Public Health, City University of New
York (CUNY)
2CUNY Institute for Demographic Research (CIDR)
3Office of Population Research, Princeton University
4Center for Population and Health, Georgetown University

Abstract
Purpose—Short and long sleep duration and sleep quality are associated with health including
all-cause mortality, cardiovascular disease, diabetes, and obesity. Inflammation may play a role in
mediating these associations.

Methods—We examined associations between inflammation and self-reported sleep
characteristics in 1020 respondents of the 2000 and 2006 Social Environment and Biomarkers of
Aging Study (SEBAS), a nationally representative survey of Taiwanese adults ages 53 and over.
Regression models were used to estimate cross-sectional relationships between inflammation
(IL-6, CRP, fibrinogen, e-selectin, sICAM-1, albumin, and WBC) and a modified Pittsburgh Sleep
Quality Index (PSQI), index subcomponents, and self-reported sleep duration. Change in
inflammatory markers between 2000 and 2006 was also used to predict long or short sleep
duration in 2006.

Results—Inflammation was not related to the overall index of sleep quality. However, longer
sleep (> 8 hours) was associated with higher levels of inflammation. These associations remained
after adjustment for waist circumference, self-reported health decline, diabetes, arthritis/
rheumatism, heart disease, and depressive symptoms. Increases in inflammation between 2000 and
2006 were associated with long but not short sleep duration in 2006 for several markers.

Conclusions—Long sleep duration may be a marker of underlying inflammatory illness in older
populations. Future studies should explore whether inflammation explains observed relationships
between long sleep and mortality.
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Introduction
Experimental and observational data indicate that sleep duration and other sleep
characteristics are associated with a wide array of health outcomes including all-cause
mortality, cardiovascular disease, diabetes, and obesity (1-3). Recent work has begun to
investigate the role of inflammation in mediating associations between sleep and health
outcomes (4-7). Experimentally, sleep deprivation is associated with acute elevation of both
C-reactive protein (CRP) and interleukin-6 (IL-6)(8, 9), but findings in non-experimental
settings have been mixed (5-7, 10-12). Associations between overall sleep quality and
inflammatory markers have been more consistent but have still produced diverse findings
(13). This paper examined associations between self-reported sleep duration, sleep quality
and biomarkers of inflammation in a middle-aged and elderly cohort of Taiwanese adults.

Biologically, there are plausible mechanisms linking inflammation and sleep in both causal
directions (14). Activation of the autonomic nervous system and elevated catecholamines
during sleep deprivation can stimulate production of inflammatory mediators (10). Sleep
deprivation also leads to blood pressure elevations that may increase endothelial shear stress
(the force of flowing blood over the surface of the endothelium) (15), resulting in
endothelial production of inflammatory mediators such as IL-6 and adhesion molecules such
as e-selectin and soluble intercellular adhesion molecule-1 (sICAM-1) (10, 16). In the
reverse direction, cytokines may have direct effects on the brain, including the regions
involved in sleep regulation (14, 17). Cytokines are important regulators of host defense to
infection, and the sleep-inducing impact of cytokines such as IL-6, as well as other immune
cells that increase expression of these cytokines, may predispose persons with elevated
levels of inflammation to longer sleep durations (18).

This study seeks to fill several gaps in the current literature. First, while studies of sleep
duration and outcomes such as obesity, diabetes, and mortality have focused on the U-
shaped risk of both short and long sleep, studies on sleep duration and inflammation have
focused either on short sleep duration or modeled sleep duration linearly, both approaches
potentially missing an effect at longer durations. Second, the majority of existing studies of
sleep characteristics and inflammation have examined Western populations. A biological
necessity, sleep is also a complex behavior influenced by cultural and social factors, such as
the encouragement or discouragement of naps, traditional care giving roles, or the amount of
time typically devoted to work. Thus, cross-cultural studies may help elucidate disease
etiology in settings where the determinants of sleep habits differ (19). Lastly, most studies
on sleep characteristics and inflammation have looked at young adult populations, but
differences in these relationships may emerge in older populations, among whom chronic
disease and higher levels of inflammation are more prevalent (20, 21). It is possible that the
mechanisms through which sleep affects inflammatory processes (and vice versa) vary
across the life span. In particular, long sleep is most prevalent in those over age 60, and a
lengthening of sleep duration may coincide with the aging process and declining health
(22-24).

Methods
Sample

Data are from the 2000 and 2006 Social Environment and Biomarkers of Aging Study
(SEBAS) of Taiwanese adults ages 53 and over in 2006. All participants were part of the
ongoing Taiwan Longitudinal Study of Aging (TLSA) initiated in 1989, with interviews
conducted every 3-4 years and with periodic inclusion of younger refresher cohorts (25). In
2000, a demographic and health update, blood and urine specimens, and a medical
examination were collected on a subset of respondents (SEBAS I, see (26) for a description).
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Six years later, a follow-up (SEBAS II) was conducted with those who completed the 2000
exam and survived to 2006 as well as with a sample of respondents aged 53 to 60 who were
first interviewed in the 2003 wave of TLSA. Written informed consent was obtained for
participation in both the in-home interview and hospital visit in 2000 and 2006; all SEBAS
protocols were approved by human subjects committees in Taiwan, and at Georgetown and
Princeton Universities.

Sixty-eight percent of those interviewed in SEBAS I and 81 percent in SEBAS II agreed to
participate in the physical examination. Previous analysis suggests that estimates from the
SEBAS exams are unlikely to be seriously biased by non-participation in the presence of
controls for age (27-29). The physical examination followed a similar protocol in both
waves. Several weeks after the household interview, participants collected a 12-hour
overnight urine sample (7pm to 7am), fasted overnight, and visited a nearby hospital the
following morning for an examination that included collection of a blood specimen and
measurements of blood pressure and anthropometry. Compliance in the collection of the
blood and 12-hour urine samples was high: 96 percent in 2000 and 88 percent in 2006 fasted
overnight and provided a suitable urine specimen. Blood and urine specimens were analyzed
at Union Clinical Laboratories in Taipei.

This paper used data from 639 survivors of SEBAS I who participated in the SEBAS II
examination plus 397 persons aged 53-60 who were first interviewed in 2003. Sixteen
observations were dropped for missing data on one or more covariates, leaving a total of
1020 respondents.

Measures
Sleep

Sleep questions were asked for the first time in 2006. A shortened version of the Pittsburgh
Sleep Quality Index (PSQI) captured five dimensions of sleep over the month prior to
interview (30): subjective sleep quality, sleep latency (time to fall asleep), sleep duration
(during the night), sleep efficiency (hrs asleep/hrs in bed), and sleep dysfunction (daytime
sleepiness).1 As with the full-length PSQI, each dimension was scored on a 0-3 scale, with
higher numbers reflecting worse sleep quality. The overall (shortened) PSQI was a sum of
the five subcomponents, with a range of (0-15). In accordance with the traditional PSQI
scale, sleep duration was coded categorically (0=≥7 hours, 1=≥6 to <7 hours, 2=≥5 to <6
hours, and 3=<5 hours). Because of potential associations between both long and short sleep
duration and health outcomes, we also categorized sleep duration as <6 hours, 6-8 hours, and
>8 hours for separate non-linear analyses.

Inflammatory markers
Inflammatory markers were assayed from overnight fasting serum samples. We examined
all inflammation-related markers measured in SEBAS I and II: C-Reactive protein (CRP),
interleukin-6 (IL-6), white blood cell count (WBC), fibrinogen (SEBAS II only), albumin, e-
selectin, and sICAM-1; measures of IL-6, e-selectin, sICAM-1, and CRP for SEBAS I were
derived from frozen specimens collected in 2000 and assayed between 2007 and 2009. CRP,
an acute phase protein, is an important component of the non-specific innate immune system
response to infection and injury and is often used as a general marker of systemic
inflammation (32, 33). IL-6 is the primary inflammatory cytokine responsible for
upregulation of CRP (34). Fibrinogen is an acute phase protein that plays an important role

1The original PSQI contains two additional subcomponents: sleep disturbances and use of sleep medication (30). Subsequent research
has shown that the sleep medication component is not significantly associated with the global PSQI score, and sleep disturbances had
a low correlation with the global score (31).
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in blood clotting (34). Albumin is involved in the transport of small molecules in the blood
and in the maintenance of osmotic pressure, with low levels associated with inflammation
(35). E-selectin and sICAM-1 are adhesion molecules that mediate the attachment of
monocytes and lymphocytes to endothelial cells (36, 37). Levels of soluble adhesion
molecules reflect the process of inflammation of vessel walls. White blood cells (leukocytes)
are infection fighting blood cells that are also used as a measure of systemic inflammation
(38).

Serum albumin was assayed using the bromcresol green method (DL=1.0 g/dL, CV=1.5
percent). Leukocyte (WBC) count was determined by direct current (DL=0.02×103/μL,
CV=1.5 percent). Fibrinogen was measured using the coagulation method. E-selectin and
sICAM-1 were each assayed using ELISA (R&D Systems, Quantikine kit). CRP samples
were measured with a high sensitivity immunoturbidimetry assay (Bayer ADVIA1800 for
2000 samples and Roche Cobas Integra 800-CRPLX for 2006 samples; DL=0.012mg/dL
2000 samples and 0.071 mg/dL 2006 samples). IL-6 was measured using ELISA; (R&D
Systems, Inc., Minneapolis, MN, DL=0.7 pg/mL; CV=12.1 percent).

Inflammatory markers were treated as continuous variables, with natural log transformations
for skewed distributions where appropriate (CRP, IL-6, sICAM-1 and e-selectin). For CRP,
the only marker with established clinical cut-offs, we also constructed two dichotomous
measures: > 3.0mg/L, the cut-off for increased cardiovascular disease risk; and >10.0mg/L,
the cut-off for evidence of current or recent infection (39). From the 2006 markers, we
created an inflammation index (0-7) that counted the number of markers for which an
individual was in the highest risk quartile. From this index we also created an indicator for
high inflammation based on whether the individual was in the top quartile of risk for 3 or
more markers (27% of the sample). In an effort to eliminate persons experiencing acute
infection rather than chronic inflammation, all models (excepting those with CRP>10mg/L
as a predictor) were rerun excluding individuals with WBC count >10 ×103/μL (3.2%) and
separately CRP >10mg/L (17.7%), with similar substantive results (available upon request).

We adjusted for the following potentially inflammation-related health conditions in 2006:
measured waist circumference, self-reported health decline (worse health than one year ago),
diabetes, arthritis/rheumatism, heart disease, and depressive symptoms. Diabetes, arthritis/
rheumatism and heart disease were based on the question “has a doctor ever told you” that
you have the condition. Depressive symptoms were measured using a 10-item Center for
Epidemiologic Studies Depression Scale (CES-D) questionnaire, excluding the one question
pertaining to sleep quality. Shortened versions of the traditional 20 question CES-D have
shown reliability in Western as well as Chinese populations (40, 41), and this subset has
been found to predict mortality in the broader TLSA (42).

Statistical Analysis
First, we estimated linear regression models with each inflammatory marker as an outcome
to examine cross-sectional associations between individual markers and the overall modified
PSQI as well as the five PSQI sleep components, adjusted for age and sex. PSQI
subcomponents were entered linearly (0-3); results were similar when scores were used as
indicator variables. Linear probability regression models were run for the dichotomous CRP
variables, the overall inflammation index, and the dichotomous indicator of high overall
inflammation (results using logit models for binary outcomes were very similar).

Next, we ran analogous models for each inflammatory marker using a categorical measure
of sleep duration (<6 hours, 6-8 hours, >8 hours) as the predictor, with and without
adjustment for potential health mediators. Finally, because of the possibility that
inflammation can promote sleep (18), we tested whether increases in inflammation between
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2000 and 2006 predicted sleep duration in 2006. This analysis included all markers except
fibrinogen (which was collected only in 2006), and was based on respondents who
participated in both waves (n=639). For each biomarker, we used a multinomial logit model
with sleep duration coded categorically as the dependent variable, adjusted for age, sex and
baseline inflammation levels.

Because some studies have found sex differences in relationships between inflammation and
sleep (13, 43), we also tested for interactions by sex; these interactions were not statistically
significant and thus were not included in our final models.

Results
The average age of the sample was 66 years, with 6.4 average hours of reported sleep (Table
1). Overall, there were few associations between the inflammatory markers and the PSQI
subcomponents or the overall PSQI (Table 2). There were no significant associations for
CRP, IL-6, fibrinogen, WBC, or albumin. sICAM-1 showed marginally significant positive
associations with the overall index (p≈0.057), sleep efficiency (p≈0.092), and a significant
association with the index measure of short sleep duration (p≈.012). Self-reported sleep
quality was also positively associated with e-selectin (p≈.041). In all of these cases, the
direction of effect suggested that poorer sleep quality was associated with higher levels of
these markers. There were no associations between any of the PSQI subcomponents and the
overall inflammation index.

Compared with respondents who reported 6-8 hours of sleep, respondents reporting long
sleep had significantly (p<.05) higher levels of CRP, IL-6, fibrinogen, WBC, and lower
(worse) levels of albumin in age and sex adjusted models (crude models in Table 3). They
were also more likely to have CRP levels above the clinical cut-offs for both cardiovascular
disease and acute infection, and to score higher on the overall inflammation index. For
respondents reporting short sleep (<6 hours), a significant relationship was found only with
higher levels of sICAM-1. Adjustment for potential mediators had a modest effect on these
associations. Figure 1 illustrates the significant associations between inflammatory markers
and sleep duration in 2006 based on the crude models from Table 3 (for ease of
interpretation, logged outcomes have been exponentiated to show the magnitude of absolute
effects).

In the presence of controls for baseline levels, increases in IL-6 and s-ICAM-1 and
decreases (worsening) in albumin between 2000 and 2006 were associated with a higher risk
of long but not short sleep duration in 2006 (Table 4). Higher baseline levels of IL-6 and e-
selectin also predicted long sleep duration six years later independent of the change in
levels, while higher baseline levels of sICAM-1 predicted short sleep duration. Given the
six-year period between measurement of inflammation and sleep duration, these results
suggest that the contemporaneous inflammation-long sleep duration association may not be
driven solely by acute illness but likely reflects longer-term physiological processes.

Discussion
From our cross-sectional data, we found virtually no relationship between biomarkers of
inflammation and the overall sleep quality index or its subcomponents. In contrast, we found
a strong relationship between long sleep duration and most markers of inflammation, with
little evidence of associations between short sleep duration and inflammation. Increases in
inflammation between 2000 and 2006, determined from longitudinal data, were associated
with an increased relative risk of long sleep duration in 2006, with no association found for
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short sleep duration. This result may support the hypothesis that high inflammation is related
to long sleep duration via the worsening of co-morbidities associated with inflammation.

This work is consistent with some, but not all, previous research on inflammation and sleep.
For example, Okun et al. (2009) found that poor sleep quality as measured by the PSQI was
associated with higher CRP but not with IL-6 or tumor necrosis factor-alpha (TNF-α) in a
sample of 43 young U.S. women, with no associations between inflammatory markers and
sleep duration as measured continuously, consistent with our primarily negative findings for
sleep quality and continuous sleep duration(5). Friedman et al. (2005) identified
relationships between IL-6 and the PSQI global score at the bivariate level but not after
adjustment for sociodemographic factors in a sample of 74 U.S. women aged 61-90 (7).
Better sleep efficiency, as measured by the in-home NightCap monitoring system, was
related to significantly lower levels of IL-6 in this sample. McDade et al. (2006) found
higher CRP in those reporting taking longer than 30 minutes to fall asleep, but noassociation
with sleep duration or other PSQI measures of sleep quality among 188 Chicago adults aged
52-70, similar to our negative findings for the PSQI(12).

Two studies have found associations between self-reported sleep and inflammation for
women but not men, in contrast to our findings of no interactions by sex. Miller et al. (2009)
recently found lower IL-6 in women sleeping 8 compared to 7 hours and higher CRP for
women sleeping 5 hours or less compared to 7 hours, but no associations for men in the
Whitehall II sample of 4600 individuals (43). Using the PSQI, Suarez (2008) found that
overall sleep quality and difficulty falling asleep were associated with higher fibrinogen,
IL-6, and CRP only for women in a sample of 210 young adults in North Carolina (13).
These differences may reflect different associations between sex, psychosocial factors, and
sleep disturbance in American and British compared with Taiwanese women, or differences
in these relationships at younger compared with older ages.

Only one previous study to our knowledge has found associations between longer sleep
duration and increased levels of inflammatory markers. Patel et al (2009) found that
additional hours of self-reported sleep were associated with higher levels of CRP and IL-6,
while short duration during observed polysomnography was associated with higher levels of
TNF-α in a sample of 614 adults from the Cleveland Family Study (6). In the only study of
sleep quality and inflammation in a non-Western population, no associations between self-
reported sleep quality and IL-6 and CRP were found for Chinese adults aged 50-70 (44),
consistent with our findings.

Many studies have found associations between long sleep and mortality, even adjusting for
multiple chronic conditions (45). Recent work from the U.S. found that this relationship held
for the elderly but not middle-aged adults; the authors concluded that the association
between long-sleep and mortality is a consequence of underlying medical conditions and
age-related sleep changes (46). The current study suggests that inflammation may be a
mediator of the relationship between underlying health, long sleep, and mortality. In
individuals with sleep disorders, circulating levels of IL-6 predict severity of daytime
sleepiness, and experiments have shown that administration of IL-6 leads to somnolence
(47). Sleep is also known to dramatically increase during the last few weeks or months of
life, and sleep-inducing effects of cytokines may contribute to this phenomenon (23). While
less supported, it is also possible that long sleep directly causes inflammation. Long sleep
has been associated with increased sleep fragmentation and more frequent awakenings,
which can influence cytokine expression (22).

Our study is limited by a one-time measure of sleep characteristics. Because our analyses are
primarily cross-sectional, no causal relationship between increased levels of inflammatory
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markers and longer sleep duration can be established. While the association between long
sleep and inflammation was not mediated by measures of chronic conditions in our sample,
it is possible that unmeasured disease processes with an inflammatory component are a
source of both inflammation and long sleep duration. This explanation would be consistent
with our findings that increases in inflammation between waves predicted long sleep
duration in the second wave, and broader findings in the literature of an association between
long sleep and mortality. An additional limitation is that self-reported sleep quality and
duration are likely measured with error, which could contribute to our null findings for the
PSQI sleep components and inflammation. Objective monitoring methods such as wrist-
watch actigraphy have recently beenemployed in population surveys to measure more
precisely various aspects of sleep quality and sleep duration (48).

Our study contributes to the sparse literature on long sleep duration and inflammation,
which may be particularly salient for older populations. The current study's strengths include
a large sample size compared with previous studies, an extensive array of inflammatory
markers—including measures of change for most markers-- and one of the first
investigations of these associations in a non-Western sample. Afternoon naps are customary
among the elderly in Taiwan, with some evidence suggesting that nappers have better
nocturnal sleep quality(49). Since the PSQI asks only about nighttime sleep duration, it is
possible that total sleep duration is longer than reported, making short nighttime sleep
duration less detrimental and longer nighttime sleep duration a stronger indicator of poor
health.

Future work on sleep duration and inflammation should move beyond an exclusive focus on
short sleep and examine the potential importance of long sleep as a marker of underlying
inflammatory illness. Prospective studies of sleep and inflammatory markers can help shed
light on whether these relationships are causal or are driven by other factors. Such studies
could also help elucidate the role of inflammation in the observed association between long
sleep and mortality, contributing to our understanding of sleep as both a cause and
consequence of ill health.
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Abbreviations

CRP C-reactive protein

IL-6 interleukin-6

sICAM-1 soluble intercellular adhesion molecule-1

SEBAS Social Environment and Biomarkers of Aging Study

TLSA Taiwan Longitudinal Study of Aging

WBC white blood cell count

ELISA Enzyme linked immunoassay

TNF-α tumor necrosis factor-alpha

PSQI Pittsburgh Sleep Quality Index
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Figure 1.
Mean predicted values of inflammatory outcomes for each level of sleep duration, adjusted
for age and sex (predicted at actual levels of observed covariates, based on crude models
from Table 3). All differences between >8 hours and 6-8 hours shown here were significant
at p<.10. Differences between <6 and 6-8 hours only significant for sICAM.
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Table 1
Descriptive Statistics, SEBAS II

Variable Mean S.D.

Age 66.107 10.376

Male 0.529 0.499

Hours of Sleep 6.409 1.471

<6 hours 25.0%

6-8 hours 64.0%

>8 hours 11.0%

PSQI Sleep Index (0-15) 3.807 3.398

Sleep Quality (0-3) 1.190 0.817

Sleep Latency (0-3) 0.896 1.076

Sleep Efficiency (0-3) 0.544 0.975

Sleep Dysfunction (0-3) 0.287 0.761

Sleep Duration (0-3) 0.848 1.011

C-Reactive Protein (CRP)mg/L 2.632 0.717

CRP> 3.0 mg/L 0.177 0.380

CRP> 10.0 mg/L 0.040 0.195

Interleukin-6 (pg/mL) 4.015 8.253

sICAM-1 (ng/mL) 270.125 96.265

E-selectin (ng/mL) 42.334 32.071

White Blood Cell Count (103/μL) 6.091 1.729

Albumin (g/dL) 4.400 0.300

Fibrinogen (mg/dL) 330.580 69.090

Inflammation Index (0-7) 1.741 1.626

Inflammation Index >3 26.9%

Worse health than a year ago 39.5%

Ever had diabetes 16.9%

Ever had arthritis 17.7%

Ever had heart disease 18.0%

N=1020
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