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Abstract

Poor sleep and low social support have each been associated with mortality and morbidity from 

chronic illness and a small body of research suggests that the two interact to influence systemic 

inflammation, whereby good social relationships may buffer the relationship between poor sleep 

and increased inflammation. The current study investigated interactions between sleep and social 

support in the prediction of inflammation in a clinical population (prehypertensive and 

hypertensive individuals) at high risk for the development of cardiovascular disease. Using a 

standardized subjective measure of sleep quality, we found that social support moderated the 

association between sleep and circulating levels of both IL-6 and CRP, such that poor sleep 

appeared to confer a risk of increased inflammation only in those participants who also reported 

low social support. In women, the same relationship was observed for TNF-α. These results 

extend previous findings into a clinical population and also demonstrate that sleep quality and 

social support interact in the prediction of two previously uninvestigated clinically relevant 

inflammatory markers (CRP and TNF-α). High levels of perceived social support may compensate 

for the negative health impact of poor sleep quality and vice versa.
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Chronically elevated levels of inflammatory proteins have been associated with myriad 

negative health outcomes (Pradhan, Manson, Rifai, Buring, & Ridker, 2001). For example, 

levels of C-reactive protein (CRP) are predictive of the development of cardiovascular 
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disease (CVD), and have been linked to ischaemic stroke, vascular mortality, and death 

(Danesh et al., 2004; Pradhan et al., 2001). Additionally, in large, population-based studies, 

relatively high levels of the inflammatory markers interleukin-6 (IL-6) and tumor necrosis 

factor (TNF)-α are predictive of morbidity and mortality (Aggarwal, Gupta, & Kim, 2012; 

Bruunsgaard et al., 2003; Harris et al., 1999). There is a degree of inconsistency in the 

literature regarding associations between individual markers and health outcomes, indicating 

the potential influence of moderating factors.

Individuals with pre-hypertension and hypertension are at high risk for developing 

cardiovascular disease (CVD), and the population has established levels of low-grade 

systematic inflammation, which contributes to disease development (Blake, Rifai, Buring, & 

Ridker, 2003). Due to the high risk for individuals with hypertension/pre-hypertension to 

progress to more serious cardiovascular problems, understanding modifiable variables that 

affect known risk factors, such as inflammation, is important.

Levels of circulating inflammatory proteins are influenced by a number of biopsychosocial 

factors, including sleep. Disturbed sleep, ranging from chronic insomnia to experimental 

sleep deprivation, along with objectively measured sleep indices has been robustly 

associated with elevated inflammation (Grandner, Sands-Lincoln, Pak, & Garland, 2013; 

Motivala, 2011). Poor subjectively assessed sleep quality, characterized by tiredness on 

waking and through the day, not feeling rested and restored on waking, and/or experiencing 

numerous nighttime awakenings (Harvey, Stinson, Whitaker, Moskovitz, & Virk, 2008) has 

also been associated with inflammation, such that worse sleep quality has been linked with 

higher circulating CRP, IL-6 and increased IL-6 production in response to stimulation with 

lipopolysaccharide (Friedman, 2011; Friedman et al., 2005; McDade, Hawkley, & 

Cacioppo, 2006; Okun, Hall, & Coussons-Read, 2007; Okun, Roberts, Marsland, & Hall, 

2009; Prather et al., 2009). Increased systemic inflammation, resulting from poor sleep, has 

been hypothesized to be a mechanism through which poor sleep increases risk of morbidity 

and mortality from CVD (Grandner et al., 2013; Simpson & Dinges, 2007).

While experiencing poor sleep quality appears to increase markers of systemic inflammation 

and confer risk of morbidity and mortality, a number of studies have shown that social 

support, or “the perception or experience that one is loved and cared for by others, esteemed 

and valued, and part of a social network of mutual assistance and obligations” (Wills, 1991) 

confers an opposite, protective effect (Holt-Lunstad, Smith, Baker, Harris, & Stephenson, 

2015; Holt-Lunstad, Smith, & Layton, 2010). Individuals lacking in social ties or social 

integration have higher risk of mortality from numerous diseases, including CVD (Holt-

Lunstad et al., 2015, 2010). Low levels of social support have been associated with 

elevations in inflammatory proteins (Kiecolt-Glaser, Gouin, & Hantsoo, 2010). Social 

support not only has direct associations with health, but also appears to work as a moderator 

of the relationship between stress and health, such that high levels of social support have 

been shown to buffer the negative impact of stressors on health outcomes (Bowen et al., 

2013; Steptoe, 2000). There is some evidence that social support also moderates the 

relationship between poor sleep and inflammation (Friedman, 2011; Friedman et al., 2005; 

O’Connor et al., 2009). For example, in a study of women aged 61 to 90, Friedman et al. 

(2005) found that participants who reported poorer sleep efficiency had higher levels of 
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IL-6, but social support buffered the relationship between poor sleep and inflammation. In 

fact, the only women with elevated IL-6 in the study reported both poor sleep quality and 

low social engagement (Friedman et al., 2005). These findings were recently extended to 

1,229 participants from a national sample of adult Americans. Again, social engagement 

moderated the association between sleep complaints with both IL-6 and the soluble adhesion 

molecule E-selectin (Friedman, 2011).

Gender is another potential moderator in the complicated relationship between sleep, social 

support and inflammation. A body of work suggests that disrupted sleep may be more 

robustly related to inflammation in women (Irwin, Carrillo, & Olmstead, 2010; M. A. Miller 

et al., 2009; Suarez, 2008). Additionally, laboratory research suggests that in response to 

social negativity (e.g., marital conflict) women have stronger neuroendocrine and 

cardiovascular responses than men, suggesting that potentially the relationship between 

social support and inflammation may also be stronger in women (Kiecolt-Glaser & Newton, 

2001; Pietromonaco, Uchino, & Dunkel Schetter, 2013). However, there are some 

contradictory findings concerning the interaction between gender, sleep and social support 

on the outcome of inflammation. For example, research from Friedman et al. (2011) 

suggested that the interaction between sleep quality and social support on IL-6 was stronger 

in men than in women.

The hypothalamic-pituitary-adrenal (HPA) axis is a system that could hypothetically 

underlie the complicated relationship between sleep, social support and inflammatory 

processes.

The HPA axis plays an important role in regulating and controlling immune responses 

(Spies, Straub, Cutolo, & Buttgereit, 2014). Sleep and social support both have relationships 

with HPA function and worsening sleep quality and poor social support are both associated 

with small but meaningful changes in HPA activation (Balbo, Leproult, & Van Cauter, 

2010; Cole, 2008). Potentially, either good sleep or good social support may promote 

balance in the HPA system and reduce levels of systematic inflammation.

In this study, we investigated if social support and sleep quality interacted to predict 

inflammation in a clinical population with hypertension/pre-hypertension. Consistent with 

research examining relationships between social support and inflammation, we examined the 

potential moderating impact of gender (Kiecolt-Glaser & Newton, 2001; O’Connor et al., 

2009). In addition to levels of IL-6, we also investigated two outcome variables (TNF-α and 

CRP) that have not been previously studied. CRP is particularly important due to its clinical 

utility as a predictive variable for the development of CVD (Ridker, 2003).

We hypothesized that in this sample (1) worse subjective sleep quality would be associated 

with elevated levels of inflammatory biomarkers and that (2) the relationships would be 

moderated by levels of perceived social support, such that higher social support would 

attenuate the relationship between sleep quality and inflammation. Given conflicting 

findings concerning a potential three-way interaction between gender, social support, and 

sleep quality in the prediction of inflammation, we conducted exploratory analyses of a 
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potential moderating role of gender, but did not make an a priori hypothesis about the nature 

of this effect.

Method

Participants

Participants were 67 sedentary men (N = 37) and women (N = 30) with a diagnosis of 

prehypertension or hypertension. Data are from the baseline assessment of a larger trial 

investigating the impact of exercise on blood pressure (BP) in a sedentary population with 

prehypertension/hypertension (Clinical Trial NCT00338572). Other than having a diagnosis 

of prehypertension (120 – 139 mmHg systolic BP / 80 – 89 mmHg diastolic BP) or stage 1/

stage 2 hypertension (140 – 170 mmHg systolic BP / 90 – 105 mmHg diastolic BP) 

(Chobanian et al., 2003) participants were otherwise healthy.

Recruitment of individuals with prehypertension or hypertension occurred through 

advertisements, word of mouth referral and medical practice referrals in the San Diego area 

between August 16, 2006 and July 1, 2010. After an initial phone screening, all participants 

met with a physician at the University of California, San Diego (UCSD), who performed a 

medical examination to ensure study eligibility. Inclusion criteria included having a 

diagnosis of prehypertension or hypertension, a sedentary lifestyle, being free from any 

chronic illness with the exception of hypertension and the ability to read/write in English. 

The Leisure Time Exercise Questionnaire (LTEQ) (Godin & Shephard, 1985) was used to 

determine physical inactivity according to its established validity and reliability (D. J. 

Miller, Freedson, & Kline, 1994; Sallis, Buono, Roby, Micale, & Nelson, 1993). Individuals 

scoring less than 40 on the LTEQ were considered physically inactive based on normative 

data and were included in the study (Godin & Shephard, 1985; Stewart et al., 1994). 

Participants whose ECG screening showed evidence of a condition that might increase their 

risk for harm or compromise data collection (e.g., arrhythmia) were excluded. Under 

medical supervision, four participants who were taking medication for hypertension were 

gradually weaned off their medication three weeks prior to participation in the study. At the 

time of the baseline assessment, no participants were taking antihypertensive medication.

Baseline data were collected before randomization to the larger trial. A trained technician 

measured weight, height, and assessed resting BP; prehypertensive or hypertensive status 

was confirmed during this assessment. Blood was drawn between 11:30am and 1:00pm, 

after a 30-minute rest period. Blood was collected with a 19-gauge catheter, inserted into an 

antecubital vein by a registered nurse at the UCSD Clinical and Translational Research 

Institute (CTRI). Participants were asked to abstain from eating for 2 hours and from 

drinking caffeine for 12 hours prior to the visit. Questionnaires were administered during the 

visit.

The UCSD Human Subjects Committee approved the project. All participants signed a 

written informed consent form before participation in the study commenced.
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Measures

Inflammatory markers—Blood for the IL-6, CRP, and TNF-α assays was dispensed in 

EDTA tubes and spun at 3000 g for 10 minutes at 4–8°C. Obtained plasma was immediately 

stored in plastic tubes at −80°C until analyzed. Plasma levels of IL-6 and TNF-α were 

measured by a high-sensitivity immunoassay kit (Quantikine, R&D Systems, Minneapolis, 

MN). Measurement of plasma CRP levels was taken by using the High Sensitive CRP 

Reagent Set (DiaSorin, Stillwater, MN) using the Roche Cobas Mira Plus analyzer (Roche, 

Palo Alto, CA). Intra- and inter-assay coefficients of variation were <5% for all analyses.

Blood pressure (BP)—BP was measured at rest while participants were seated in a 

comfortable chair. An appropriately sized BP cuff from an automated blood pressure 

monitor (Dinamap 1846SX) was attached to the non-dominant arm and BP was assessed six 

times. Mean Arterial Pressure (MAP) was calculated using the mean systolic and diastolic 

BP values (MAP = [(2 × diastolic) + systolic]/3).

Body mass index (BMI)—BMI was calculated as the ratio of body weight (measured to 

the nearest 0.1 kg) divided by the height in meters squared (to the nearest 0.1 cm).

The Pittsburg Sleep Quality Index (PSQI)—Subjective sleep quality was assessed 

with the PSQI, a 19-item self-rated questionnaire that assesses sleep quality and sleep 

disturbances over a one-month time interval (Buysse, F., Monk, Berman, & Kupfer, 1989). 

The PSQI assesses seven clinically derived domains of sleep difficulties: sleep quality, sleep 

latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping 

medications, and daytime dysfunction (Buysse et al., 1989). The combination of these 

domains yields a global PSQI score; higher scores are indicative of worse subjective sleep 

quality. Cronbach’s alpha in this sample was 0.73.

RAND Medical Outcomes Study (MOS) Social Support Survey—A 9-item version 

of the RAND MOS Social Support Survey was used to assess social support. The scale is a 

self-report measure designed to identify a person’s perceived availability of social support. 

Participants were instructed to answer “How often is each of the following kinds of support 

available to you if you need it?” Example questions include, “Someone to love you and 

make you feel wanted” and “Someone to help you with daily chores if you are sick.” 

Questions were rated on a 5-point Likert scale, ranging from “None of the time” to “All of 

the time.” Total scores range from 9 to 45, with higher scores indicating more perceived 

social support (Sherbourne & Stewart, 1991). Cronbach’s alpha in this sample was 0.93.

Center for Epidemiologic Studies Depression Scale (CES-D)—The CES-D is a 

20-item self-report scale that assesses symptoms of depression. The scale has high internal 

consistency and reliability across numerous demographic groups (Radloff, 1977). Due to 

concerns about collinearity in the predictor and outcome variables, one question that 

assesses sleep difficulties was excluded from the total CES-D. Although this is in line with 

previous approaches, it should be noted that removing the sleep question from the CES-D 

impacts the construct validity of the measure. Cronbach’s alpha for the 19-item version of 

the CES-D was 0.90.
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Data Analysis

Statistical analyses were performed using SPSS statistical software package (IBM SPSS, 

Version 20). Data were investigated for normality and outliers. One significant outlier 

(greater than 3SD from the mean) was removed from the IL-6 data. Log transformations 

were performed on CRP, IL-6, and CES-D data, due to positively skewed distributions. 

Correlational analyses were used to investigate relationships between sleep, social support, 

inflammation, and covariates. Hierarchical regression analyses were used to investigate the 

main effects of PSQI scores and interactions with other variables in the prediction of 

individual inflammatory markers CRP, TNF-α, and IL-6. In each set of regression analyses, 

the model examined direct and interactive associations between subjective sleep quality and 

social support, adjusting for covariates with known associations to inflammation (i.e., age, 

gender, BMI, mean arterial pressure [MAP], and depression) (O’Connor et al., 2009). 

Covariates were held constant on step 1, continuous predictor variables were centered and 

held constant on step 2, and the interaction term(s) were entered on step 3. Non-significant 

interaction terms were removed from the model. Assumptions of regression were assessed 

and met for each model presented.

Results

Demographic and Health Characteristics

Demographic and health characteristics of the sample are presented in Table 1. On average, 

participants were middle aged, obese, and hypertensive. The majority of participants were 

Caucasian (66%) or African American (22.5%). Remaining participants identified as Asian, 

Native Hawaiian, or other Pacific Islander (11.5%). Mean CES-D, before removal of the 

sleep question, was 10.7 (SD = 8.62), indicating that the majority of participants were not 

suffering from clinically significant symptoms of depression (Radloff, 1977). Mean CRP = 

4.4 (SD = 5.2) mg/L; >3 mg/L is considered high-risk for cardiovascular disease (Yeh, 

2005). Mean TNF-α = 2.2 (SD = 1.3) pg/ml and mean IL-6 = 2.4 (SD = 1.9) pg/ml.

Table 2 shows the simple correlations between study variables. Of note, PSQI scores were 

positively associated with TNF-α and MAP. No associations were observed between social 

support and inflammatory markers. Gender was associated with CRP, such that men in the 

sample had higher levels. IL-6 and CRP were significantly correlated with BMI.

Inflammation has been implicated in the progression of hypertension (Pauletto & Rattazzi, 

2015). We therefore conducted t-tests to examine if there were significant differences 

between participants with pre-hypertension and hypertension on key study variables, 

including age, BMI, social support, subjective sleep quality, symptoms of depression, IL-6, 

CRP, and TNA-α. Analyses revealed no significant differences between groups on any 

variable (ps > .09) and so participants with pre-hypertension and hypertension were 

analyzed as one group.

Hierarchical Regression Analyses

IL-6—See Table 3. After controlling for covariates, neither the subjective sleep quality nor 

social support was directly associated with IL-6 (ps > .05); however, the two variables 
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interacted to predict IL-6 (see Figure 1). A three-way interaction between gender, subjective 

sleep quality, and social support was not observed and the interaction was removed from the 

final model (β = 0.002, p = 0.55).

Simple slopes of the effect of subjective sleep quality on IL-6 were tested for the mean and 

±1 SD of social support (Hayes & Matthes, 2009). Simple slopes were significant at 1 SD 

below the mean of social support (β = 0.026, p < .05) but not at the mean (β = 0.004, p = .64) 

or at 1 SD above the mean (β = −.02, p = .15). In participants who reported low social 

support, there was a significant association between subjective sleep quality and IL-6, such 

that poor subjective sleep quality was associated with higher IL-6. Conversely, in 

participants who had mean or higher levels of social support, there was no association 

between self-reported sleep quality and IL-6.

CRP—See Table 4. After controlling for covariates, neither subjective sleep quality nor 

social support were directly associated with CRP (ps > .05). A significant interaction was 

observed between subjective sleep quality and social support in the prediction of CRP (see 

Figure 1). A three-way interaction with gender was not observed and the interaction was 

removed from the final model (β = −0.004, p = 0.40).

Again, simple slopes of the effect of subjective sleep quality on CRP were tested at the mean 

and ±1 SD of social support. Similar to IL-6, simple slopes were significant at 1 SD below 

the mean of social support (β = 0.05, p < .05), but not at the mean (β = 0.01, p = .61) or at 1 

SD above the mean (β = −.03, p = .18). In participants who reported low social support, poor 

subjective sleep quality was associated with higher levels of CRP. In participants who had 

mean or higher levels of social support, there was no association between subjective sleep 

quality and inflammatory markers.

TNF-α—After controlling for covariates, subjective sleep quality was directly associated 

with TNF-α, such that worse sleep quality was associated with higher TNF-α (β = 0.15, p < .

01). There was a significant three-way interaction between gender, subjective sleep quality, 

and social support (β = 0.02, p = .01, ∆R2 = 0.09). Results of the regression analyses are 

therefore presented separately by gender in Table 5. Follow-up analyses showed that 

subjective sleep quality significantly interacted with social support to predict TNF-α in 

women (p < .05) but not in men (p = .07). In men, there was a trend suggesting a main effect 

of PSQI scores on TNF-α (p = .06).

Women: Simple slopes of the effect of subjective sleep quality on TNF-α were tested at the 

mean and ±1 SD of social support. Simple slopes were significant at 1 SD below the mean of 

social support (β = 0.29, p < .01), but not at the mean (β = 0.11, p = .17) or at 1 SD above the 

mean (β = −0.06, p = .63). In women who reported low social support, poor subjective sleep 

quality was associated with higher levels of TNF-α. Conversely, in participants who had 

mean or higher levels of social support there was no association between self-reported sleep 

quality and TNF-α (see Figure 2).
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Discussion

The primary hypothesis of the current study was that subjective sleep quality would interact 

with social support to predict levels of inflammatory biomarkers in this sample of sedentary 

adults with prehypertension and hypertension. This hypothesis was supported: subjective 

sleep quality interacted with social support to predict levels of IL-6 and CRP such that in 

individuals who reported low levels of social support, poor subjective sleep quality was 

associated with higher CRP and IL-6. However, in individuals with mean or high social 

support, no such relationship was detected. In women, the same pattern was observed in the 

prediction of TNF-α, whereby social support moderated the association between poor sleep 

quality and elevated TNF-α. These findings partially support those reported by Friedman et 

al. (2005), which indicated the relationship between poor sleep quality and higher 

inflammation was attenuated in individuals who reported good social relationships 

(Friedman, 2011; Friedman et al., 2005). Our findings also extend the identification of an 

interaction between subjective sleep quality and social support on inflammation into a 

clinical population at high risk for developing CVD. Finally, we show that the interaction 

between subjective sleep quality and social support is associated with not only IL-6 and 

TNF-α, but also the clinically relevant inflammatory protein, CRP.

Sleep Quality and Inflammation

Poor sleep quality has been linked to numerous adverse health outcomes including 

cardiovascular disease (CVD) and mortality (Cappuccio, D’Elia, Strazzullo, & Miller, 2010; 

Hoevenaar-Blom, Spijkerman, Kromhout, van den Berg, & Verschuren, 2011; Jennings, 

Muldoon, & Hall, 2007; Mallon, Broman, & Hetta, 2002). The mechanisms linking sleep 

and CVD have yet to be fully explained, but a proposed mediator in the relationship is 

systemic inflammation (Grandner et al., 2013; Simpson & Dinges, 2007). Although poor 

subjective sleep quality has been associated higher circulating CRP and IL-6 in some 

samples (e.g., McDade et al., 2006; Okun, Hanusa, Hall, & Wisner, 2009) findings from 

this, and other studies, increasingly suggest that the relationship between sleep and 

inflammation is moderated by variables, such as social support. In this sample, we did not 

observe a direct relationship between subjective sleep quality and IL-6 or CRP. Failing to 

consider social support as a moderator in our models would have resulted in the erroneous 

conclusion that subjective sleep quality was unrelated to IL-6 or CRP in this population. 

Potentially, studies that have concluded that sleep is not associated with inflammatory 

markers may have failed to observe relationship because of underlying moderation effects 

(e.g., Dowd, Goldman, & Weinstein, 2011).

The Moderating Role of Social Support

Social isolation and perception of loneliness have each been associated with mortality in 

epidemiological studies (Holwerda et al., 2012; Steptoe, Shankar, Demakakos, & Wardle, 

2013); conversely, self-reported social support appears to provide a buffer against the health 

related effects of stress (Barth, Schneider, & von Kanel, 2010; Krause, 2005). In our sample, 

we did not observe direct associations between social support and inflammatory markers; 

instead, social support was associated with inflammation only when participants also 

reported poor subjective sleep quality. Core components in the definition of social support 
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include the provision of instrumental and emotional support, and theoretically, the 

importance of high levels of social support for health may only be salient or observable 

under conditions of stress, such as poor sleep quality and factors that promote poor sleep, 

when individuals are in need of support (Cohen & Wills, 1985).

Both low social support and feelings of loneliness have been linked with worse subjective 

and objective sleep (Åkerstedt et al., 2002; Allaert & Urbinelli, 2004; Brummett et al., 2006; 

Cacioppo et al., 2002; Hawkley, Preacher, & Cacioppo, 2010; Jacobs, Cohen, Hammerman-

Rozenberg, & Stessman, 2006; Mahon, 1994). Interestingly, high social support appears to 

be associated with better objective sleep, even in populations diagnosed with insomnia 

(Troxel et al., 2012). In a study of individuals with insomnia compared to those without 

insomnia, higher social support was associated with less wake after sleep onset (WASO) in 

both groups; additionally, an interaction was observed whereby participants with insomnia 

who reported high social support had objectively shorter sleep latency than participants with 

insomnia and low social support (Troxel et al., 2012). This finding suggests that even in 

individuals suffering from clinically significant sleep problems, social support may confer a 

better objective quality of sleep, which could hypothetically decrease levels of 

inflammation.

Gender

The relationships between social isolation, sleep, and mortality may differ by gender 

(Holwerda et al., 2012) and the extent to which men and women receive a benefit from 

social support differs across studies. We did not observe a three-way interaction between 

gender, social support and sleep in our group for the outcome variables IL-6 or CRP; 

however, we observed a three-way interaction in the prediction of TNF-α, such that women 

who reported poor sleep quality and low social support had higher levels of TNF-α than 

women with poor sleep quality and high social support. Gender differences have been 

observed in response to social stress, such that women appear more physiologically reactive 

to social rejection challenges than men (Stroud, Salovey, & Epel, 2002). Women tend to 

show higher neuroendocrine and cardiovascular reactions during conflict, when compared to 

men (Kiecolt-Glaser & Newton, 2001; Pietromonaco et al., 2013). It is possible that similar 

gender differences exist in the relationship between sleep quality and social support in the 

prediction of IL-6 and CRP, but that given the modest sample of our study, we were unable 

to detect them. Further investigation in this population, with larger sample sizes, is 

warranted.

Clinical Implications

The interaction between sleep and social support in the prediction of inflammation is 

particularly relevant in a hypertensive population, given the importance of inflammation at 

all stages of atherosclerosis development (Libby, Ridker, & Maseri, 2002; Libby & Ridker, 

2004). A better understanding of the risk profile of inflammatory markers in individuals 

with pre-hypertension and hypertension may lead to the development of targeted 

psychosocial interventions aimed at improving both psychological and physical outcomes. 

For example, understanding the risk of poor subjective sleep quality on inflammation could 

speak to an increased need to screen and treat hypertension patients for sleep problems using 

Tomfohr et al. Page 9

Psychophysiology. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



evidence based sleep interventions, such as cognitive behavioral therapy for insomnia (CBT-

I), especially in those patients also endorsing low levels of social support. Indeed, treatment 

of insomnia using CBT-I has been associated with reductions in CRP (Irwin et al., 2014). 

Additionally, given the important role of social support for health, those hypertensive 

patients with low social support and poor sleep could be screened and targeted for social 

interventions. Although social support was not related directly to inflammation in the current 

study, our findings suggest that ensuring adequate social support is important because it 

becomes a salient resource under times of stress or challenge (e.g., poor sleep) in protecting 

health.

Limitations

Conclusions from this study should be tempered by several limitations. First, information 

about sleep was drawn from self-report surveys. Although cohort studies have shown 

reliable associations between polysomnography and self-report indices of sleep, there is 

variation between the measures (Lauderdale, Knutson, Yan, Liu, & Rathouz, 2008; Van Den 

Berg et al., 2008; Vitiello, Larsen, & Moe, 2004). Second, the analyses were cross-sectional, 

so casual interpretations cannot be made. This is particularly important when considering the 

relationship between sleep and inflammation, which is likely bidirectional, with poor sleep 

resulting from diseases which include increased inflammation, and reduced / disrupted sleep 

directly inducing inflammation (Ranjbaran, Keefer, Stepanski, Farhadi, & Keshavarzian, 

2007). Similarly, as social, psychological, physiological, and behavioral health variables 

tend to inter-relate in complex manners (e.g., Umberson, Crosnoe, & Reczek, 2010), it is 

possible that inflammation feeds back to exert influence on social support and sleep (e.g., 

via behaviors aimed at reducing aversive physiological states). Third, the sample size was 

modest—increasing the risk of Type I and II errors. The diminished ability to identify 

significant relationships between variables was of particular concern when examining 

interactions, particularly three-way interactions including gender, in which cell sizes across 

analyses were small. Fourth, there are known associations between obstructive sleep apnea 

(OSA) and inflammation, and undiagnosed OSA may have influenced findings from this 

study (Nadeem et al., 2013). Finally, we had only self-report information regarding 

menopausal status. Inclusion of menopausal status in analyses of the relationship between 

subjective sleep quality and social support predicting inflammation in women did not 

significantly change the findings; however, we may have been limited by the small sample 

of menopausal women and self-report data.

Conclusions

Despite these limitations, the current study extends the literature on sleep and inflammation 

and highlights the importance of examining the influence of perceived social support when 

examining relationships between sleep and other variables. In this study, there were 

important relationships between sleep and inflammatory markers that were initially not 

detected by simple correlational analyses or tests of main effects—it was not until we took 

into account the impact of social support on the relationship that we better understood the 

links between sleep and inflammation. Had we not examined the buffering role of social 

support in the relationship we would have incorrectly concluded that sleep was not related to 

Tomfohr et al. Page 10

Psychophysiology. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



IL-6 and CRP. The study also extends earlier work on the associations between sleep and 

social support into a population at high risk for developing cardiovascular disease. 

Importantly, these findings highlight the need to examine interactions between protective 

psychological variables that may buffer the risk conferred by other deleterious health 

variables (e.g., smoking, sleep problems).
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Figure 1. 
PSQI global scores predicting IL-6 and CRP. The statistical interaction between PSQI and 

social support (Tables 3 and 4) is shown here using “Mean Social Support” and “Low Social 

Support” modeled at 1 SD below the mean of the sample.

IL-6 = Interleukin-6; CRP = C-reactive protein; PSQI = Pittsburgh Sleep Quality Index
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Figure 2. 
PSQI global scores predicting TNF-α in women. The statistical interaction between PSQI 

and social support (Table 5) is shown here using “Mean Social Support” modeled at the 

mean of the sample and “Low Social Support” modeled at 1 SD below the mean of the 

sample.
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Table 1

Sample Characteristics

Valid N Percentage M ± SD

Gender (male) 67 55% -

Age 46.3 ± 9.6

BMI (kg/M2) 30.7 ± 4.0

SBP (mmHg) 142.34 ± 10.70

DBP (mmHg) 84.96 ± 8.40

MAP (mmHg) 104.10 ± 8.23

CRP (mg/L) 4.4 ± 5.2

IL-6 (pg/mL) 2.4 ± 1.9

TNF-α (pg/mL) 2.2 ± 1.3

CES-D (removed sleep question) 9.77 ± 8.73

SSQ 37.6 ± 7.4

PSQI Global Score 4.6 ± 2.9

BMI = body mass index; MAP = mean arterial pressure; CES-D = center for epidemiologic studies depression (scale); SSQ = social support 
questionnaire; CRP = C-reactive protein; TNF-α = tumour necrosis factor alpha; IL-6 = interleukin 6; PSQI = Pittsburgh Sleep Quality Index;

CRP and IL-6 values are presented in their non-transformed state. All analyses were conducted with logged values
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