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Background: Anxiety, depression and perceived stress are risk factors for adverse health 
problems. Inflammation participates in the development of chronic diseases such as psychia-
tric disorders. This study explored the relationships between inflammatory biomarkers and 
depression, anxiety and perceived stress in an obese adult population.
Methods: The relationships between psychological scores and inflammatory markers were 
analyzed.
Results: A higher BMI was not correlated with a higher anxiety score (P=0.152); however, 
BMI was positively associated with a higher depression score (P<0.001) and a higher 
perceived stress score (P<0.001). Multivariate linear regression analysis revealed that in 
participants with BMI≥30 and 25≤BMI<30, depression and perceived stress were signifi-
cantly and independently associated with ICAM-1, E-selectin and CRP, but these associa-
tions were not observed in participants with BMI<25. The anxiety score was not associated 
with any inflammatory marker in any group of subjects, as determined by multivariate 
analysis.
Conclusion: Depression and perceived stress were strongly associated with increased serum 
levels of pro-inflammatory markers, including ICAM-1, E-selectin and CRP, among a 
general obese population from the United States. These results further suggest that depres-
sion and perceived stress might also be chronic systemic inflammatory diseases.
Keywords: inflammatory markers, anxiety, depression, perceived stress, obesity

Introduction
Psychiatric disorders, such as anxiety and depression, are established risk factors for 
health problems such as cardiovascular diseases (CVDs).1–4 Many previous studies 
have shown significant associations between CVD risk and anxiety or depression, 
which may be explained in part by increasing levels of circulating pro-inflammatory 
markers, including interleukin-6 (IL-6) and tumor necrosis factor-ɑ (TNF-ɑ).5–9 It is 
very important for us to understand the increasing levels of inflammation biomarkers in 
circulating blood because chronic elevation of the serum levels of inflammation 
biomarkers such as C-reactive protein (CRP) have been shown to predict CVDs, 
including coronary heart disease, stroke and others, in many clinical studies.10,11 

However, studies on the relationships between psychiatric disorders, such as anxiety 
and depression, and serum inflammation levels are conflicting and few.

Circulating inflammation biomarker levels are also elevated in individuals with 
obesity,12 a known risk factor for CVDs. Importantly, obese people are more prone 
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to depression and anxiety, particularly individuals with 
severe obesity.3,13 Among people who have had weight 
loss surgery, the lifetime prevalence of anxiety or depres-
sion is also higher.14,15 Considering the high rate of 
depression or anxiety in persons with obesity, focusing 
on whether depression and anxiety are related to inflam-
mation in obese populations is clinically important. The 
stress response can be considered the formation of 
adaptation.16,17 Some animal studies have also shown 
that chronically stressed individuals have higher pro- 
inflammatory levels that result from glucocorticoid 
resistance.18,19 An overreaction to stress is linked with 
increased inflammatory responses and may impair immune 
function, which may aging.20 Previous studies have also 
demonstrated that the level of inflammation in mice with 
high stress increased significantly.20,21 Furthermore, it has 
been confirmed that perceived stress is closely related to 
the occurrence and prognosis of CVDs.22–25

Considering the potential link between psychological 
problems and systemic inflammation, we aimed to assess 
the association between depression, anxiety and perceived 
stress scores and inflammation biomarkers in a cross-sec-
tional study with obese and nonobese subjects at high risk 
of adverse health outcomes. This work reports a multi-
center, large-scale cross-sectional study with sufficient 
inflammatory markers for analysis, which can further clar-
ify the associations of anxiety, depression and perceived 
stress scores with systemic inflammatory levels in an 
obese population.

Materials and Methods
Study Population
The data from the Midlife in the United States (MIDUS) 
study were analyzed. The MIDUS study assesses the cor-
relation between various sociological factors and mental 
health. As a subpart of the MIDUS study, 1255 subjects 
finished the Biomarkers Project between 2004 and 2009. 
These subjects had comprehensive biological assessments 
that were integrated with sociological factors.26 Detailed 
information regarding the Biomarkers Project in the 
MIDUS study is available elsewhere.26,27 The complete 
data and specific codebooks are also available at http:// 
www.midus.wisc.edu/. The Biomarkers Project data were 
obtained from the University of California-Los Angeles, 
Georgetown University and the University of Wisconsin- 
Madison between 2004 and 2009. All subjects completed 
blood collection and analysis, a detailed medical history 

interview and a self-administered questionnaire during a 2- 
day visit to one of the three locations. The traveling 
expenses of each subject were covered, and the subjects 
were additionally remunerated $200 for participating in 
the study.

Blood samples from all subjects were obtained and 
analyzed during the 2-day visit. Inflammatory biomarker 
measurements were performed by a fasting blood draw. 
The following inflammatory biomarkers were measured: 
CRP, IL-6, interleukin-8 (IL-8), interleukin-10 (IL-10), 
TNF-ɑ, E-selectin and intracellular adhesion molecule-1 
(ICAM-1). Subjects with a BMI <25 were defined as the 
normal-weight group, and subjects with a BMI ≥30 were 
defined as the obese group. Subjects with 25≤ BMI <30 
were classified as the overweight group. The number of 
individuals with a low BMI (BMI <18) was not suffi-
cient for a separate analysis; therefore, they were 
excluded from the normal-weight group. The MIDUS 
study was approved by the Ethics Committees of the 
University of California-Los Angeles, Georgetown 
University and the University of Wisconsin-Madison, 
and all participants gave written informed consent. 
Most of the TILDA data were obtained through the 
data-sharing platform available for free use by research-
ers worldwide. According to the Declaration of Helsinki 
guidelines, the Ethics Committee of The Affiliated 
Mindong Hospital of Fujian Medical University 
approved this study.

Anxiety, Depression and Perceived Stress 
Scores
The Hospital Anxiety and Depression Scale-Anxiety 
Subscale (HADS-A) is a common method for assessing 
the severity of anxiety in general populations.28 The exam-
ination includes seven items. All subjects were assessed by 
each item with 4 grades (0–3 points) for the past month. A 
higher anxiety score suggests more severe anxiety symp-
toms. The Centre for Epidemiological Studies Depression 
(CES-D) scale can be used to assess depressive symptoms 
and has been used widely in different populations.29 A 
higher score usually indicates more severe depressive 
symptoms. The Perceived Stress Scale (PSS) is a 10-item 
measure that can assess the perceived degree of stress in 
the lives of the subjects.30 Individual scores can range 
from 10 to 50, with a higher score indicating higher 
perceived stress.
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Covariates
Some confounding factors are associated with anxiety, depres-
sion, perceived stress and inflammation. Sociodemographic 
and other data, such as age, gender, race, education, smoking 
status, marital status, alcohol consumption and medications, 
were collected from self-administered questionnaires between 
2004 and 2009. BMI was objectively measured from the in- 
person visit. A detailed description of these covariates has 
been described elsewhere.26,27

Statistical Analysis
The analyses were performed using SPSS24 (SPSS Inc., IL, 
USA). P ≤ 0.05 was considered statistically significant. The 
Kolmogorov–Smirnov test was used to assess the normality 

of the data. None of the continuous variables in this study 
were normally distributed. The correlations between BMI 
and anxiety, depression and perceived stress scores were 
performed by Spearman’s analysis. All variables that were 
standardized with z-scores were evaluated by Pearson’s 
correlation coefficient, which aimed to assess the associa-
tions between serum inflammatory biomarkers and anxiety, 
depression and perceived stress scores. Multivariate linear 
regression analysis was performed to assess the associations 
between serum inflammatory biomarkers and anxiety, 
depression and perceived stress scores. Finally, an addi-
tional stratified analysis by the BMI value was performed 
to assess the associations between psychological scores and 
inflammatory biomarkers.

Figure 1 A detailed flow chart of describing the participants included in this study.
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Results
The Characteristics of the Study Subjects
In total, 1255 participants completed the Biomarkers Project 
between 2004 and 2009. Of these individuals, 1170 were 
included in the final sample for analysis (Figure 1). The 
characteristics of all included subjects were as follows 
(Table 1): 505 participants (43.16%) were male, 1106 
(94.53%) were white, 451 (38.55%) had a bachelor’s degree 
or higher, 250 (21.37%) were currently married, 171 (14.62%) 
were current smokers, and 21 (1.79%) were current drinkers. 
The median age of all subjects was 54 years. BMI was not 
associated with the anxiety score (r=−0.056, P=0.152, 
Figure 2A). However, BMI was positively associated with 
the depression score (r=0.168, P<0.001, Figure 2B) and the 
perceived stress score (r=0.167, P<0.001, Figure 2C).

Relationships Between Inflammation 
Biomarkers and Anxiety, Depression and 
Perceived Stress Scores by Pearson 
Correlation Analysis
The depression score was positively related to the levels of 
serum inflammation markers, including E-selectin (Sβ=0.112, 
P<0.001), CRP (Sβ=0.109, P<0.001) and ICAM-1 (Sβ=0.098, 
P=<0.001). The perceived stress score was positively related 
to the levels of serum inflammation markers, including 
E-selectin (Sβ=0.094, P=0.001) and CRP (Sβ=0.080, 
P=0.006). Conversely, the anxiety score was not associated 
with any serum inflammation marker levels in this study 
(Table 2).

Relationships Between Inflammation 
Biomarkers and Anxiety, Depression and 
Perceived Stress Scores After Adjusting 
for Relevant Confounding Factors
To further exclude the influence of related confounding 
factors, the correlations between serum inflammatory bio-
markers and anxiety, depression and perceived stress 
scores were performed by multiple linear regression ana-
lysis (Table 3). The depression score was positively related 
to E-selectin (Sβ=0.049, P<0.001), ICAM-1 (Sβ=0.064, 
P<0.001) and CRP (Sβ=0.068, P<0.001) after adjustment 
was made for age, gender, race, marital status, education, 
smoking status, alcohol consumption, BP and medications 
(Model 3). The perceived stress scores were also posi-
tively associated with ICAM-1 (Sβ=0.017, P=0.022), 
E-selectin (Sβ=0.040, P=0.014) and CRP (Sβ=0.067, 

P=0.009) after adjustment of these confounding factors. 
The anxiety scores were not associated with the serum 
levels of any inflammatory biomarker in our study, similar 
to the results of the univariate analysis.

Existing studies have shown a strong link between obe-
sity and inflammation levels in vivo and in vitro.31,32 

Therefore, stratified BMI (three groups) was analyzed to 
assess whether inflammatory biomarker levels are related to 
these scores independent of BMI in subjects with obesity. As 

Table 1 Participants’ Characteristics

Variables M (IQR) or N (%)

Age (years) 54.00 (45.00–63.00)

Gender (male), n (%) 505 (43.16%)

Race (white), n (%) 1106 (94.53%)

Education (with bachelor’s degree or higher), n (%) 451 (38.55%)

BMI 28.50 (25.13–32.85)

Currently married, n (%) 250 (21.37%)

Current smoker, n (%) 171 (14.62%)

Current drinker, n (%) 21 (1.79%)

Systolic BP (mmHg) 130.00 (119.00–143.00)

Diastolic BP (mmHg) 75.00 (68.00–82.00)

Anxiety scores 1.80 (1.40–2.20)

Depression scores 6.00 (3.00–12.00)

Perceived stress scores 22.00 (18.00–26.00)

Medications

Antidepressants, n (%) 161 (13.76%)

Antihypertension, n (%) 434 (37.09%)

Antihyperlipidemic agents, n (%) 348 (29.74%)

ACEI, n (%) 113 (9.66%)

Beta adrenergic blocking agents, n (%) 159 (13.59%)

Calcium channel blocker, n (%) 97 (8.29%)

Diuretics, n (%) 117 (10.00%)

Blood samples

Total cholesterol (mg/dL) 183.00 (159.00–211.00)

Triglycerides (mg/dL) 106.00 (77.00–154.00)

HDL cholesterol (mg/dL) 53.00 (43.00–66.00)

LDL cholesterol (mg/dL) 101.00 (80.00–127.25)

Fasting glucose levels (mg/dL) 96.00 (90.00–105.00)

Hemoglobin A1c % 5.82 (5.60–6.20)

Fasting insulin levels (uIU/mL) 10.00 (6.00–16.00)

HOMA-IR 2.39 (1.42–4.31)

Serum IL6 (pg/mL) 0.80 (0.56–1.21)

Serum IL8 (pg/mL) 12.36 (9.13–15.76)

Serum IL10 (pg/mL) 0.22 (0.16–0.32)

Serum TNF-ɑ (pg/mL) 2.05 (1.69–2.50)

C-reactive protein (ug/mL) 1.43 (0.69–3.63)

Serum E-selectin (ng/mL) 38.83 (28.03–51.73)

Serum ICAM-1 (ng/mL) 272.11 (217.72–334.47)

Abbreviations: BMI, body mass index; BP, blood pressure; ACEI, angiotensin- 
converting enzyme inhibitors; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; IL, 
interleukin; TNF-ɑ, tumor necrosis factor-ɑ; ICAM-1, intercellular adhesion mole-
cule-1.
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shown in Table 4, in the normal-weight group with BMI<25, 
anxiety, depression and perceived stress scores had no corre-
lations with the serum levels of any inflammation biomarker 
(all P>0.05). However, in the obese group with BMI≥30 and 
overweight group with 25≤BMI<30, depression and the per-
ceived stress scores remained associated with ICAM-1, 
E-selectin, and CRP (all P>0.05). Similarly, the anxiety 
scores remained unrelated to any of the assessed inflamma-
tory markers in the three groups. These findings suggest that 
depression and perceived stress, but not anxiety, are asso-
ciated with elevated inflammation in overweight and obese 
subjects but not in normal-weight subjects.

Discussion
This study aimed to assess the relationships between 
depression, anxiety and perceived stress scores and inflam-
matory biomarkers that can predict obesity-related dis-
eases in an obese adult population. In addition to the 
anxiety score, univariate analysis suggested that depres-
sion and perceived stress scores were positively related to 

inflammatory factors. Furthermore, upon multivariate ana-
lysis, depression and perceived stress scores remained 
associated with higher serum levels of inflammatory bio-
markers after adjusting for confounding factors. Our find-
ings contribute to the existing literature in many aspects. 
First, the MIDUS study is a longitudinal study with large 
samples, which provided sufficient inflammatory markers 
to analyze. Therefore, the current work expands upon 
previous studies on the association of psychological scores 
with inflammation in adult populations. Second, our multi-
variate and stratified analysis findings demonstrated that 
depression and perceived stress scores were independently 
and significantly related to the serum levels of ICAM-1and 
E-selectin in obese adults but not in nonobese adults. 
Inflammation is closely related to the occurrence and prog-
nosis of chronic diseases10,11 and may provide a pathway 
linking depression and perceived stress to an increased risk 
of adverse health outcomes. Additionally, the levels of 
serum TNF-ɑ IL-10, IL-8 and IL-6, which are reliable 
and comprehensive markers, were measured in our study 

Figure 2 (A) The relationship between BMI and anxiety scores. (B) The relationship between BMI and depression scores. (C) The relationship between BMI and perceived 
stress scores.

Table 2 Univariate Analysis of Relationships Between Inflammation and Anxiety, Depression and Perceived Stress Scores

Variables Anxiety Scores Depression Scores Perceived Stress Scores

Sβ P value Sβ P value Sβ P value

Serum IL6 (pg/mL) 0.009 0.747 0.039 0.187 0.050 0.057
Serum IL8 (pg/mL) −0.023 0.434 0028 0.330 −0.025 0.396

Serum IL10 (pg/mL) −0.008 0.773 0.002 0.953 −0.020 0.505

Serum TNF-ɑ (pg/mL) −0.009 0.771 0.028 0.333 −0.032 0.276
C-reactive protein (ug/mL) 0.004 0.894 0.109 <0.001 0.080 0.006

Serum E-selectin (ng/mL) 0.038 0.199 0.112 <0.001 0.094 0.001

Serum ICAM-1 (ng/mL) 0.030 0.309 0.098 <0.001 0.032 0.270

Note: Pearson correlation analysis was used. 
Abbreviations: IL, interleukin; TNF-ɑ, tumor necrosis factor-ɑ; ICAM-1, intercellular adhesion molecule-1.
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to analyze the relationship between inflammation and psy-
chological scores, although none were associated with 
anxiety, depression and perceived stress.

Our results are consistent with many previous studies 
that reported a positive association between depressive 
symptoms and inflammation.33–36 However, several other 
studies found that depression has no or even an inverse 
correlation with inflammatory markers.37–39 These discre-
pancies may be due to the different study populations, study 
designs and confounding factors included. Based on pre-
vious research results, we further confirmed an association 
between depression and inflammatory markers independent 
of BMI in obese individuals. Our results support the 
hypothesis that the systemic inflammatory response may 
partially mediate a significant relationship between psycho-
logical scores and chronic inflammatory diseases such as 
CVDs in which inflammatory biomarkers provide a path-
way linking depression and perceived stress to an increased 
risk of obesity-related CVDs in obese populations.1–9

Regarding anxiety, some studies have suggested a posi-
tive relationship between anxiety and serum levels of inflam-
matory markers.7–9,40 Previous studies reported that anxiety 
symptoms were associated with increased levels of TNF-α, 
IL-6 and CRP.8,9,41 Duivis et al also observed elevated serum 
CRP levels in a male population after adjusting for socio-
demographic and lifestyle-related confounding factors in a 
large adult sample.40 These previous results are inconsistent 
with our finding that the anxiety score was not associated 
with inflammation levels in a multivariate and stratified 
analysis. More comprehensive confounding factors, includ-
ing sociodemographic characteristics, lifestyle, disease his-
tory and medications, were adjusted in our study, which may 
partly account for the differences in results. Additionally, 
distinct study designs, subject race, and blood test methods 
may account for the differences.8,9,40

Although many studies have suggested that perceived 
stress is closely related to chronic inflammatory diseases,-
22–25 studies on the association of perceived stress with 
inflammation levels were conflicting and few.42 To the best 
of our knowledge, this study is the first to show that the 
perceived stress score is significantly associated with 
inflammatory biomarkers such as CRP, E-selectin, and 
ICAM-1 among obese individuals, independent of suffi-
cient and relevant confounding factors.

Limitations
First, all subjects were required to be healthy enough to travel 
to the clinical research centers; therefore, there is a possibility 

of population selection bias. Second, the causal relationship 
between the psychological scores and inflammation cannot be 
clarified in this cross-sectional study analysis. Third, the 
research population is mainly Caucasian. Whether the associa-
tions remain among other races warrants future investigation.

Conclusions
Our findings suggest that depression and perceived stress 
are independently and significantly linked with elevated 
serum levels of ICAM-1, E-selectin and CRP in over-
weight and obese populations. Chronic inflammatory acti-
vation caused by obesity may be amplified by depression 
and perceived stress, which can lead to obesity-related 
complications such as CVDs.

Disclosure
The authors report no conflicts of interest for this work.
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