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Abstract

Objective—Anxious and depressive states are associated with increased cardiovascular disease
(CVD) risk and a proinflammatory phenotype, although the latter appears to be at least partially
explained by adiposity. We hypothesized that depression and anxiety would be associated with
elevated inflammation independent of adiposity in persons with obesity at high risk of CVD.

Methods—We explored the relation between baseline anxiety as measured by the Beck Anxiety
Inventory (BAI) and depression as measured by the Beck Depression Inventory-11 (BDI-I1), and
baseline serum c-reactive protein (CRP) in a cross-sectional sample of 100 participants [mean
(SD) age 57.8 (7.7) years; 64% female] with obesity [mean (SD) body mass index, BMI 37.3 (5.5)
kg/m?] enrolled in a clinical trial for pharmacological weight loss interventions.

Results—BAl, but not BDI-II, scores were significantly correlated with CRP (r70=0.28,
£~=0.005). BMI was also highly correlated with CRP (r/0=0.42, p<0.0001). In multivariate models,
the relation between anxiety and CRP remained significant (p=0.038), independent of BMI, age
and sex.

Conclusion—Anxiety, but not depression, is associated with elevated inflammation in persons
with obesity beyond that attributable to higher BMI. Further study is warranted to assess whether
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anxiety represents a potential therapeutic target to mitigate corresponding CVD risk associated
with elevated inflammation in persons with obesity.
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INTRODUCTION

Anxiety and mood disorders are established risk factors for cardiovascular disease (CVD) [1,
2]. The CVD risk associated with anxiety and mood disorders has been purported to be, in
part, from elevations in circulating pro-inflammatory markers, such as c-reactive protein
(CRP) [3-7], tumor necrosis factor-a [3, 7] and interleukin-6 [3, 7]. This is important
because chronic elevations in circulating CRP, for example, predict myocardial infarction,
stroke and sudden cardiac death in prospective studies [8]. However, anxiety is often linked
with comorbidities and other mood disorders such as depression, therefore, it remains
unclear the extent to which higher anxiety alone contributes to elevated inflammation.

Circulating CRP concentrations are also elevated in persons with obesity [9], an established
CVD risk factor and promoter of a proinflammatory phenotype. Importantly, individuals
with obesity are more likely to suffer from anxiety or mood disorders such as depression,
particularly when obesity is severe [1, 10]. In bariatric surgery candidates, the lifetime
prevalence of anxiety disorders has been estimated to be as high as 15-27% [11-12]. Given
this high prevalence of anxiety among obese individuals, a focus on whether anxiety is
linked with inflammation independent of adiposity is clinically important. Previous findings
have demonstrated that most of the relation between anxiety and CRP was explained by
body mass index (BMI) [7], while in two similar samples the association between anxiety
measures and CRP remained independent of BMI [3, 6]. Thus, findings have been mixed,
perhaps in part because studies have included non-obese participants (mean BMI values of
~25 kg/m?) [3, 6, 7] which may limit interpretation. Investigations focused on the relation
between anxiety and inflammation in obese individuals (i.e., BMI = 30 kg/m?) are needed to
extend previous findings and further understand the advanced CVD risk in obese individuals
with anxiety and depression.

Therefore, we sought to assess the magnitude of the association between anxiety, depression
and inflammation, as measured by CRP, in a cross-sectional sample of participants with
obesity at high risk of CVD. We hypothesized that both anxiety and depression levels would
be associated with higher CRP independent of BMI in obese participants.

METHODS

Sample

The current analysis uses baseline data from a clinical trial of pharmacotherapy for weight
loss (Clinical Trials.gov Identifier NCT01351753) [13]. Persons age 40 to 75 with a BMI =
30 kg/m? and at least one additional risk factor for CVD (e.g., diabetes mellitus, elevated
fasting glucose, hyperlipidemia, hypertension and metabolic syndrome) were eligible.
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Exclusion criteria have been described in detail elsewhere [13]. Participants provided written
informed consent as part of a University of lowa Institutional Review Board approved
protocol. Of the 106 participants with baseline assessments, we restricted our sample to the
100 participants with available CRP measurements.

Exposure and Outcome Assessments

Anxious and depressive symptoms were measured using the Beck Anxiety Inventory (BAI)
and Beck Depression Inventory (BDI-I1) [14], which have been utilized commonly in
samples with obesity [15]. On the same day, participants underwent phlebotomy and serum
CRP concentrations were measured by a high sensitivity turbidimetric assay with a lower
level of detection of 0.2 mg/L.

Statistical Analysis

RESULTS

Non-parametric bivariate correlations were assessed between the BAI and BDI-II
questionnaires and CRP with a Bonferroni-corrected a=0.025 for statistical significance.
Correlations with BMI were also assessed. For use in regression, CRP was natural log
transformed (INCRP), consistent with prior methods [4]. Multivariate linear regression
models were adjusted for potential confounding variables (age, sex and BMI) in pursuit of
significant bivariate correlations. Moderation by sex and BMI (as both linear effect and
indicator for Class I1l or greater obesity) were explored through interaction terms.
Sensitivity analyses controlled for a non-linear effect of BMI by adjusting for obesity class
rather than the continuous measure. Sensitivity analyses also assessed relations with
untransformed CRP. All statistical analyses were performed using SAS software, version
9.4. (SAS Institute, Inc., Cary, NC).

Clinical characteristics of the sample are highlighted in Table 1. Average scores of measures
of psychological distress were in the minimal range (BAI <9, BDI-II < 13). With regard to
anxiety symptoms, 16 persons had scores in the mild (BAl 10-16) and 7 in the moderate
range (BAI 17-29). With regard to depressive symptoms, 9 had scores in the mild (BDI-II
14-19), 9 in the moderate (BDI-11 20-28) and 2 in the severe (BDI-1l 29-63) range. Eighty-
five (85%) participants had CRP concentrations >1.0 mg/L, and fifty-five participants (55%)
had CRP concentrations = 3.0 mg/L, the threshold most consistently associated with
elevated CVD risk (8).

BAI scores were correlated with both BMI (r/0=0.26, 95% C.I. 0.07-0.44, p=0.009) and
CRP (rh0=0.28, 95% C.I. 0.09-0.45, p=0.005) (Figure 1A). BDI-II scores were similarly
correlated with BMI (r70=0.27, 95% C.l. 0.08-0.45, p=0.006), but only marginally with
CRP (rho=0.19, 95% C.I. -0.01-0.37, p=0.06) (Figure 1B). As expected, BMI was strongly
correlated with CRP (r#0=0.42, p<0.0001). In multivariate regression models (Table 2),
adjusting for age and sex, anxiety (#2.11, p=0.038) and BMI (£2.37, p=0.02) were
independent predictors of CRP. In the analogous BDI-I11 models, BMI was significantly
associated with CRP (£2.80, p=0.006), while depression was not associated with CRP
(p=0.59). The anxiety effect persisted (p=0.025) when weight was alternatively modeled by
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obesity class, when adjusting for current or former smoking (=0.004), use of lipid lowering
medications (p=0.005), use of an antihypertensive (p=0.006) or use of estrogen replacement
therapy (p=0.008), in addition to age and sex. Similar findings were observed with
untransformed CRP. Although, there were no statistically significant interactions between
psychological measures and sex or BMI on CRP, there was a marginally significant
interaction for the categorical variable of Class Il or greater obesity and anxiety on CRP
(0=0.07). When the sample was stratified into those with Class | (n=41) and Class Il or
greater (n=59) obesity, the association between BAI scores and CRP was significant only for
those with Class 11 or greater obesity (Class | r10=—0.05, p=0.74; Class Il or greater
rho=0.34, p=0.009). Similar results were seen when stratifying by the presence of metabolic
syndrome (no metabolic syndrome r10=0.18, p=0.24; metabolic syndrome r/10=0.38,
=0.004).

DISCUSSION

The major and novel finding of the present study is that anxiety is associated with elevated
inflammation in persons with obesity beyond the level of inflammation attributable to
obesity alone. Despite anxiety and depression levels having similar correlations with obesity,
only anxiety levels remained significantly associated with inflammation in this sample of
individuals with obesity. Furthermore, the persistent correlation between anxiety and
inflammation was independent of BMI, in addition to age and sex. Our findings suggest that
anxiety and BMI may have independent and additive effects in contributing to a
proinflammatory state in human obesity.

Individuals with obesity are more likely to suffer from anxiety and depression, and exhibit
elevations in systemic inflammation. Previous investigations have reported mixed results in
regards to the contribution of higher anxiety to elevated inflammation in obese individuals.
Inconsistent findings may be from inclusion of participants with predominantly lower BMI
[3, 6, 7]. To our knowledge, only one prior study has been conducted in a sample with
obesity [16]. In this similarly sized sample of persons with morbid obesity awaiting bariatric
surgery (n=101), trait anxiety and depression were cross-sectionally associated with CRP,
even after adjusting for BMI [16]. However, following bariatric surgery, reductions in the
anxiety, but not the depression facet of neuroticism, were associated with decreases in CRP
[16]. Although the reason for these contrary findings is unclear, results from our study
provide support for the associated decrease in CRP with reductions in anxiety but not
depression in the aforementioned bariatric study. Although anxiety and depression
symptoms had similar correlations with obesity in our study, only anxiety symptoms
remained significantly associated with inflammation when adjusting for BMI. Thus, our
results extend previous findings to a more representative cohort of adults with obesity not
awaiting bariatric surgery but at high CVD risk. The abolishment of the relation between
CRP and depression after adjusting for BMI suggests that obesity and depression might
share overlapping pathways of inflammatory activation [17, 18], whereas anxiety modulates
inflammation in persons with obesity at least partly through mechanisms independent of
adiposity.
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The present study is limited by its cross-sectional nature which precludes the directionality
of the relation between anxiety and inflammation. However, several prospective studies of
both depression [19] and anxiety [20] have suggested psychological distress precedes the
development of elevated inflammation, but do not rule out that the relation may be
bidirectional. Although measuring other inflammatory cytokines (e.g., tumor necrosis factor-
a, etc.) may have been helpful to discern a more generalized phenotype of inflammatory
activation, CRP is the strongest circulating inflammatory biomarker of CVD risk [8].
Furthermore, our study was limited largely to white, non-Hispanic individuals, therefore,
further studies among persons of non-white and Hispanic race/ethnicity are needed.

In summary, we found anxiety to be independently associated with elevated CRP in a sample
of adults with obesity and at least one other major CVD risk factor. The magnitude of the
association approached that previously reported for BMI. If inflammatory activation in
obesity is amplified by anxiety, it may contribute to some long-term complications of
obesity such as CVD. Thus, anxiety and any pathways by which anxiety may induce
inflammation may be a previously underappreciated target for interventions to mitigate the
risk for obesity-related CVD.
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What is already known about this subject?

. Anxiety states and depressive disorders are associated with elevations in
inflammatory markers such as C-reactive protein (CRP)

. Circulating CRP concentrations are elevated in persons with obesity and CRP
is a strong biomarker of CVD risk

. Individuals with obesity are more likely to suffer from anxiety and depressive
disorders, but whether anxiety and depression are associated with
inflammation independent of adiposity is unclear

What does this study add?

. Anxious, but not depressive, symptoms were associated with elevated
inflammation as measured by circulating CRP.

. The association between CRP and anxiety was independent of age, gender
and body mass index (BMI).

. Further studies are required to determine if anxiety represents a potential
therapeutic target to mitigate corresponding CVD risk associated with
elevated inflammation in persons with obesity.
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Bivariate unadjusted correlations between (In) c-reactive protein (CRP) and A) anxiety
score, and B) depression score in persons with obesity. Dotted lines represent non-log
transfomed clinical concentrations of CRP associated with intermediate cardiovascular

disease (CVD) risk (=1 mg/L) and high CVD risk (=3 mg/L)
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Table 1

Clinical Characteristics of Sample (n=100).

N (%)
Female Sex 64 (64%)
Race/Ethnicity
White, Non-Hispanic 90 (90%)
Unknown/not reported 10 (10%)
Smoking Status
Current Smoker 4 (4%)
Former Smoker 21 (21%)
Obesity Class:
Class | (BMI 30-34.9 kg/m?) 41 (41%)
Class 1l (BMI 35-39.9 kg/m?) 38 (38%)
Class 111 (BMI = 40 kg/m?) 21 (21%)
NCEP-defined Metabolic Syndrome 56 (56%)
Medications:
Antihypertensive 60 (65%)
Lipid lowering 39 (42%)
Estrogen replacement therapy 12 (12%)
Systemic 5 (5%)
Vaginal 7 (7%)
Mean (SD)
Age, years 55.8 (7.7)
Body mass index, kg/m?2 37.3(5.2)
Hemodynamics:
Systolic blood pressure, mmHg 128.2 (14.9)
Diastolic blood pressure, mmHg 73.1(8.9)
Heart Rate, bpm 70.3(9.9)
Lipid Profile:
Total cholesterol, mg/dL (n=99) 198.3 (38.8)
LDL-cholesterol, mg/dL 116.2 (34.6)
HDL-cholesterol, mg/dL 54.4 (16.1)
Triglycerides, mg/dL (n=99) 140.1 (56.9)
Glucose Metabolism:
Fasting glucose, mg/dL (n=99) 97.4 (10.8)
Insulin, mIU/L (n=97) 14.7 (8.4)
HOMA-IR (n=96) 3.6(2.2)
Hemoglobin A1C, % (n=95) 6.0 (2.4)
Ratings of Psychological Distress:
Beck Anxiety Inventory (n=98) 6.7 (6.3)

Beck Depression Inventory - 11 (n=99) 8.4 (7.7)
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N (%)

CRP, mg/L 44(4.2)

BMI, body mass index; LDL, low density lipoprotein; HDL, high denisty lipoprotein; HOMA-IR, homestasis model of insulin resistance; CRP, c-
reactive protein; NCEP, National Cholesterol Education Program.
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Results of Multivariate Linear Regression Models for Anxiety and Depression on Serum CRP.

Table 2

b SE t p
Anxiety Model
Beck Anxiety Inventory Score 0030 0014 211 (qo38*
Body mass index (kg/m?) 0041 0017 237 gp2*
Age (years) 0.010 0.011 0.89 0.38
Male sex 0433 0185 -233 go1*
Depression Model
Beck Depression Inventory Score  0.007 0.012 0.54 0.59
Body mass index (kg/m?) 0.050 0018 280 (6™
Age (years) 0.009 0.012 0.78 0.44
Male sex -0491 0.187 -263 p1*
*
p<0.05.
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