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Abstract

Objective—To describe the rates of elevated inflammation, obesity and metabolic syndrome
(MetS) within a large cohort of individuals with depression and to examine the inter-relationships
of inflammation and metabolic syndrome in depressed individuals.

Method—Analyses were conducted on study participants from the 2009-2010 National Health
and Nutrition Survey (NHANES) with Patient Health Questionnaire (PHQ)-9 depression scores =
10 to: 1) examine the relationship of inflammation (C-reactive protein; CRP) with demographic
and clinical characteristics and 2) examine the prevalence of MetS criteria within CRP groups.

Results—5579 participants provided PHQ-9 data; of those, 606 had PHQ-9 scores = 10 and were
included in further analysis. Of the 606 depressed participants, 585 participants had valid CRP
data; 275 participants (47.01%) had CRP levels = 3.0 mg/L, while 170 (29.06%) had CRP levels >
5.0 mg/L. Elevated inflammation was significantly correlated with body weight, waist
circumference, BMI, insulin, 2-hour glucose tolerance, and self-report general health (p’s < 0.05).
112 subjects (41.18%) met AHA/NHLBI criteria for metabolic syndrome (MetS). Those with
elevated CRP were more likely to meet criteria for MetS (Odds Ratios of 2.81 for those with CRP
levels = 3.0 mg/L and 1.94 for those with CRP levels = 5.0 mg/L).

Conclusion—Over 29% of depressed individuals have elevated levels of CRP and 41% met
criteria for MetS. Individuals with elevated inflammation are more likely to be obese and meet
criteria for MetS. These results highlight the significant inflammatory and metabolic burden of
individuals with depression.
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Introduction

Methods

Major Depressive Disorder (MDD) is a chronic, recurring disorder that results in significant
emotional and socioeconomic burden:2. This burden is due, in part, to the lack of a clear
understanding of biological sub-groups and shortcomings of available treatments to match
subtypes of depression. Many patients with MDD do not receive adequate care and among
those who do, a significant portion fail to achieve remission 3-5. These poor outcomes
underscore the need for novel treatment options for patients with MDD. To this end, recent
research has aimed to identify specific biomarkers indicative of reliable subtypes in the
hopes that patients can ultimately be matched to treatments most likely to illicit a positive
treatment response.

Inflammation has been implicated in the etiology of MDD. Pro-inflammatory cytokines,
specifically interleukin-6 (IL-6) and factor-a (TNF-a) and IL-1B, are elevated in patients
with MDD compared to healthy controls®’. Furthermore, studies of interferon-a-induced
MDD in Hepatics C and cancer patients implicate inflammation in the development and
recurrence of MDD8. Research also indicates an effect of antidepressant medications on
inflammatory cytokines. A meta-analysis by Hannestad et al. 9 reports reductions in IL-6
and IL-1p following antidepressant treatment; while other studies have reported correlations
between reductions in IL-1p and reductions in depressive symptoms. Importantly, elevated
baseline levels of inflammation are predictive of treatment non-response to a variety of
antidepressant medications 10-14,

The role of inflammation in MDD treatment response suggests MDD in the presence of
inflammation may be a distinct subtype of MDD requiring a targeted treatment approach.
While previous epidemiological work has shown a relationship between inflammation and
MDD, the rates of inflammation among those with MDD has not been well characterized.
Inflammation accompanying MDD may also be related to important demographic and
clinical characteristics that may impact treatment selection and response. For example, there
is a bidirectional relationship between MDD and metabolic syndrome (MetS) 15-17 and it
has been proposed that inflammation is the underlying link between MDD and MetS 18,

The purpose of this paper is to describe the rates of elevated inflammation among those with
depression using the 2009-2010 National Health and Nutrition Examination Survey
(NHANES). Furthermore, we will describe the clinical characteristics, including the
presence of MetS, of those with depression and elevated inflammation.

Study sample

The 2009-2010 NHANES data was used for the analysis. The NHANES, conducted by the
National Center for Health Statistics, is a stratified, multistage probability sample of the
civilian noninstitutionalized U.S. population. Adults, age 18 and older, were included for
this analysis.
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Depression was assessed using the Patient Health Questionnaire (PHQ-9) 19, Only those
with significant depressive symptoms were included in the analysis. Based on previous
research, a cut-off of = 10 was used to identify those with significant depressive symptoms.
C-reactive protein (CRP) was assessed via a high sensitivity assay with latex-enhanced
nephelometry. Glucose concentrations for fasting glucose and the 2-hour glucose tolerance
test were determined by a hexokinase method. Insulin concentration was measured
Mercodia Insulin ELISA (Uppsala, Sweeden, a two-site enzyme immunoassay.
Triglycerides were assessed enzymatically using a two-reagent, endpoint reaction that is
specific for triglycerides. Reported blood pressure is the average of 3 consecutive blood
pressure readings collected following 5 minutes of quiet rest.

Demographic information and medical history were assessed through self-report
questionnaires and a physical exam was conducted to ascertain height, body weight and
waist circumference.

MetS classification was based on the American Heart Association/National Heart, Lung, and
Blood Institute (AHA/NHLBI) definition 20. The AHA/NHLBI definition for MetS requires
the presence of at least three of the following five CVD risk factors: (1) impaired fasting
glucose (IFG) = 100 milligrams per deciliter (mg/dL) or pharmacological treatment for IFG;
(2) low HDL cholesterol (<40 mg/dL in men or <50 mg/dL in women) or pharmacological
treatment for an abnormal HDL cholesterol level; (3) triglycerides = 150 mg/dL or
pharmacological treatment for hypertriglyceridemia; (4) a waist circumference (WC) = 102
cm in men or = 88 cm in women; and (5) blood pressure = 130/85 mm Hg or
pharmacological treatment for HTN.

Pearson’s correlations were calculated to examine the relationship of CRP with demographic
and clinical characteristics. CRP levels were examined as a continuous variable and then
dichotomized using cutoffs of 3 mg/L and 5 mg/L. Continuity adjusted chi-square tests
examined the prevalence of metabolic syndrome criteria within CRP groups. Since the
analysis was conducted on small subsample of the total sample, analyses were conducted
with and without the population weighting. No substantive differences in the two approaches
were observed, therefore only the unweighted results are reported. Odds ratios were
calculated to quantify the association of CRP with metabolic syndrome and individual
metabolic syndrome criteria.

5579 participants provided PHQ-9 data; of those, 606 (10.86%) had PHQ-9 scores > 10 and
were included in further analysis. Demographic and clinical characteristics of the sample are
reported in Table 1. No substantive differences in analyses with and without the population
weighting were observed, therefore only the unweighted results are reported.
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Proportion of Depressed Sample with Elevated Inflammation

CRP was dichotomized using two established criteria. A cut-off of = 3.0 mg/L is typically
used to signify high-risk of cardiovascular disease 21. However, a recent study by Raison et
al. suggests that a cut-off of = 5.0 mg/L might predict treatment response in depression so
both criteria were employed. Of the 606 depressed participants, 585 participants had valid
CRP data; 275 participants (47.01%) had CRP levels = 3.0 mg/L, while 170 (29.06%) had
CRP levels = 5.0 mg/L. Mean CRP levels did not differ in patients taking antidepressant or
antipsychotic medications compared to those not taking medications (t = —0.67; p = 0.50)

Relationship of Inflammation with Demographic and Clinical Characteristics

Pearson correlation coefficients were calculated to examine the relationship of elevated
inflammation with demographic and clinical characteristics (Table 2). Elevated
inflammation was not significantly correlated with gender, race or age (p’s > 0.05). CRP
was positively correlated with body weight, waist circumference and BMI (p’s < 0.0001).
CRP also had significant correlations with insulin (p = 0.04) and 2-hour glucose tolerance (p
=0.03), as well as self-report general health (p = 0.02). As expected given these significant
correlations, individuals with elevated CRP levels had significantly higher body weight,
waist circumference, BMI and insulin (p’s < 0.0001).

Inflammation and Metabolic Syndrome

Of the 272 depressed participants that provided fasting blood samples, 132 subjects
(48.53%) met criteria for metabolic syndrome (MetS). Though the collection of samples was
random, the subsample that provided a fasting blood sample had a significantly lower BMI
(p = 0.04) and waist circumference (p = 0.02). The subsample did not differ PHQ-9 score or
mean CRP level.

Those with elevated CRP were more likely to meet criteria for MetS. MetS was present in
53.79% of those with CRP greater than 3.0 mg/L compared to 29.29% of those with CRP
less than 3.0 mg/L (OR = 2.81) and 52.38% of those with CRP greater than 5.0 mg/L
compared to 36.17% among those with CRP less than 5.0 mg/L (OR= 1.94). Individuals
with elevated inflammation were also more likely to meet a greater number of MetS criteria
(Figure 1) and had greater prevalence of individual MetS symptoms, specifically elevated
glucose, low HDL cholesterol and high waist circumference (Table 3).

Discussion

Our results highlight the prevalence of inflammation among those with depression. While
previous research has demonstrated a relationship between depression and inflammation, the
current analysis is the first to characterize inflammation within a depressed sample and to
describe the clinical characteristics associated with elevated inflammation among those with
depression. Approximately half of those with PHQ-9 scores indicative of significant
depression had CRP levels greater than 3.0 mg/L and nearly 30% had CRP levels greater
than 5.0 mg/L. Furthermore, inflammation was associated with markers of obesity, insulin
resistance and MetS.
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Our results also build upon an existing literature highlighting the association between
depression and metabolic syndrome. Previous research suggests a bidirectional relationship
between MetS and MDD, as the presence of MDD predicts future incidence of MetS16 and
conversely current MetS is associated with future onset of MDD, This would suggest that
rates of MetS are higher in those with MDD. In fact, our results indicate the rate of MetS is
over 41% in those with depression, while estimates of the prevalence of MetS in the general
population range from 27.9% to 34.1%.22

The implications of the prevalence of inflammation and MetS in MDD are substantial.
These factors help to explain the high rates of medical comorbidities and poor health
outcomes in persons with depression23:24, Furthermore, inflammation and MetS are also
associated with poorer treatment outcomes for MDD 10-14.25 MDD is a heterogeneous
disease and it is postulated that the biological underpinnings are equally varied. As a result,
there are multiple treatment targets and effective treatment of MDD likely requires several
treatment options. Therefore, effective treatment of MDD will require identification of
specific MDD “subtypes” that are then matched to the appropriate treatment. Given that
previous research suggests that elevated inflammation and presence of MetS are associated
with poorer treatment response, these factors might be indicative of one specific biological
“subtype” of MDD.

Recent research has begun to identify potential novel treatment options for depression in
patients with elevated inflammation. A recent study by Raison et al. suggests the TNF-a
antagonist infliximab, a TNF antagonist, may be efficacious in those with elevated
inflammation. In a randomized controlled trial in treatment-resistant depression, infliximab
resulted in a better treatment response in patients whose baseline CRP levels were greater
than 5.0 mg/L 28, Furthermore, genetic transcription factors related to glucose and lipid
metabolism were predictive of treatment response to infliximab 2. Similarly, a trial
examining exercise augmentation in non-responders to SSRIs observed favorable findings in
treating patients with elevated inflammation. Specifically, elevated pre-treatment levels of
TNF-a were predictive of improved remission rates?8. Higher BMI was also associated with
better treatment outcomes following the exercise intervention.

Continued research is necessary to better characterize this potential biological subtype of
MDD. Results of a recent latent class analysis of the Netherlands Study of Depression and
Anxiety cohort identified two classes of severe depression based on depressive symptom
profiles: melancholic and atypical 30. Atypical depression, characterized by increased
weight, increased appetite and leaden paralysis. Atypical depression was also related to
elevations in multiple inflammatory markers (CRP, IL-6 and TNF-a), higher BMI, and
prevalence of MetS 31, The association between obesity and atypical depressive symptoms
has also been reported elsewhere 32. Therefore, it is possible that the potential biological
“subtype” of MDD, characterized by inflammation and MetS, may overlap with the clinical
“subtype” of MDD, characterized by atypical depressive symptoms. A limitation of the
current analysis is we are unable to assess the relationship of atypical depressive symptoms
with inflammation and MetS in this sample because the PHQ-9 does not assess for atypical
depressive symptoms.
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While the NHANES data provide a large, nationally representative sample, there are
limitations of the data collection methods that could influence our results. First is the
identification of depression using the PHQ-9. The PHQ-9 has been validated as a screening
tool with acceptable sensitivity and specificity 1%; however, it is not a diagnostic tool.
Though our findings may not reflect the exact portion of individuals with MDD that also
have high inflammation and MetS, our results do highlight the significant portion of
individuals with elevated depressive symptoms also have elevated inflammation and MetS.
Second, only a subset of the sample provided fasting blood samples for allowing
classification of MetS and those who provided samples had significantly lower BMI and
waist circumference. While these differences potentially bias our findings, the fact that those
who provided fasting samples had lower BMI and waist circumference would suggest that
the high rate of MetS observed in our sample might in fact underestimate the true prevalence
of MetS in those with MDD.

Another important topic for future research is to identify factors that may affect the
relationship of inflammation and MetS with depression. Previous research indicates
psychiatric medications may be in part responsible for higher rates of MetS in persons with
MDD 33:34, Our analyses support this, as the use of psychiatric medications was associated
with higher BMI and waist circumference. However, levels of CRP were not higher in those
taking psychiatric medication. Similarly, diet and exercise are clearly linked to MetS and
inflammation 3°:36 and engaging in physical activity may affect the relationship between
inflammation and depressive symptoms 37. Though examination of these factors are beyond
the scope of the current analysis, identification of these and other factors that may influence
the relationship of inflammation and MetS with depression is an important area for future
research.

The current analysis highlights prevalence of elevated inflammation in a depressed sample
along with the links among inflammation, obesity, insulin resistance, and metabolic
symptoms. Previous research suggests that these biological markers may be associated with
atypical depressive symptoms. Furthermore, these biological and psychological symptoms
may be indicative of treatment resistance of depression. Future work should continue to
characterize the clinical and biological characteristics that may distinguish specific MDD
subtypes and to identify efficacious treatment options for those subtypes.
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