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Abstract

Objective—Up-regulated levels of interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), and C-
reactive protein (CRP) are common to both type 2 diabetes mellitus (T2DM) and elevated
depressive symptoms, yet little attention has been given to the biological mechanisms associated
with these co-morbidities. This study examined the association between inflammation and both
T2DM and elevated depressive symptoms.

Methods—Baseline data were analyzed from 3,009 adults, aged 70-79, participating in the
Health, Aging, and Body Composition Study. Diabetes was assessed per self-report, medication
use, fasting glucose and/or glucose tolerance tests. Elevated depressive symptoms were
categorized using the Center for Epidemiologic Studies Depression scale (cut-score=20). Log-
transformed IL-6, TNF-a, and CRP were analyzed using ANCOVA.

Results—Participants with T2DM and elevated depressive symptoms (T2DM+DEP n=14)
demonstrated significantly (p<.05) higher IL-6 compared to (T2DM Only n=628), (DEP Only
n=49), and (No T2DM or DEP n=2,067) groups following covariate adjustment. Similarly,
participants with T2DM+DEP (n=14) had significantly (p<.05) higher CRP, after covariate
adjustment, compared to DEP Only (n=50) and No T2DM or DEP groups (n=2,153). No
association was observed for TNF-a.
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Conclusions—These findings provide evidence that inflammation is associated with T2DM and
elevated depressive symptoms. Participants with T2DM+DEP demonstrated the highest IL-6
levels compared to all other groups. Greater CRP levels were also observed in T2DM, but not
elevated depressive symptoms, which may suggest that differential associations between T2DM
and depressive symptoms exist for various inflammatory markers. Further investigation into these
associations could aid in understanding the biological pathways underlying both T2DM and
depressive symptoms.
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Introduction

Symptoms of depression, such as depressed mood, anhedonia, fatigue, or sleep difficulties,
are common among patients with type 2 diabetes mellitus (T2DM) [1]. Research has
suggested that the prevalence of elevated depressive symptoms in patients with T2DM
ranges between 26% — 33% [1-3]. Thus, as many as nearly one out of every three adults
with T2DM has depressive symptoms at a level that is associated with worsened blood
glucose levels [4], greater severity of diabetes complications [5], decreased behavioral
adherence to self-care regimens [6], and increased functional disability and risk of early
mortality [7, 8].

Despite the significant burden associated with T2DM and depressive symptoms, relatively
little attention has been given to the underlying biological mechanisms associated with these
co-morbidities [9]. To date, no evidence-based explanatory models exist to account for the
observed biological associations between T2DM and elevated depressive symptoms.
However, in recent years, several authors have speculated that inflammation may play a key
role in the association between these co-morbidities [9, 10]. This notion is based on the
observation that up-regulated levels of pro-inflammatory cytokines (e.g., interleukin-6
[IL-6] & tumor necrosis factor-alpha [TNF-a]) and acute-phase reactants such as C-reactive
protein (CRP) are involved in the pathogenesis of both T2DM and depressive symptoms
independently [9, 10].

Among individuals diagnosed with T2DM, epidemiological and mechanistic studies have
shown that IL-6, TNF-a, and CRP are positively correlated with insulin resistance, BMI/
waist circumference, circulating triglycerides, and atherosclerotic processes [11-30].
Similarly, healthy patients with elevated scores on self-report measures of depressive
symptoms have been repeatedly observed to have increased pro-inflammatory cytokines
and/or altered acute-phase reactants [30], which are related to such underlying mechanisms
as increased hypothalamic-pituitary-adrenal (HPA) axis activity, impaired glucocorticoid
receptor expression and function, reduced synthesis of serotonin through the peripheral
depletion of tryptophan, and noradrenaline dysregulation [31-33]. Elevated levels of serum
or plasma concentrations of IL-6 and/or IL-1 have most frequently been observed in both
cross-sectional and longitudinal studies among participants demonstrating elevated
depressive versus no depressive symptoms, though higher levels of TNF-a have also been
reported to be positively associated with elevated depressive symptoms [30, 34-38].

Prior research has suggested that markers of inflammation are associated with elevated
depressive symptoms among patients with other types of inflammatory-related diseases
(e.g., cardiovascular disease) [39-42]. However, to our knowledge, no prior investigation
has examined the association between inflammation and both T2DM and elevated
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depressive symptoms, even though each of these co-morbidities are associated with
inflammation separately as noted earlier [9]. The primary aim of this study was to examine
the association between T2DM and depressive symptoms and levels of IL-6, TNF-a, and
CRP in a sample of men and women participating in the Health, Aging, and Body
Composition (Health ABC) study. Since the presence of one or more of these conditions
could possibly stimulate, increase, or sustain the inflammatory response in the other
condition, it was hypothesized that inflammation would be highest among those with both
T2DM and elevated depressive symptoms (T2DM + DEP), followed by (T2DM Only) or
elevated depressive symptoms (DEP Only), followed by (No T2DM or DEP).

The Health ABC study is an ongoing longitudinal cohort study designed to investigate the
impact of body composition changes and weight-related health conditions on functional
decline in older adults [43]. The original study recruited N = 3,075 well-functioning,
community-dwelling men and women, aged 70-79 years (41.6% were Black), who were
identified from a random sample of Medicare beneficiaries residing in the areas surrounding
Pittsburgh, Pennsylvania and Memphis, Tennessee. A baseline home interview and clinic-
based exam were conducted between April 1997 and June 1998, with follow-up data being
collected annually since that time. For this study, a secondary analysis was performed on
baseline data only. Eligibility criteria included: no reported difficulties walking one-quarter
mile, climbing 10 steps, or performing basic activities of daily living; no life-threatening
illnesses (e.g., cancer); and no plans of leaving the area for 3 years. A detailed interview on
social demographics, health behaviors, indicators of socioeconomic status, health service
utilization, and depressive symptom status was administered in the home. Participants also
underwent a follow-up clinical examination that included biological and body composition
measures and indicators of weight-related health conditions as well as physical performance
measures. The present analyses are based on N = 3,009 participants; n = 30 were excluded
because they were missing all three markers of inflammation (i.e., IL-6, TNF-a, & CRP); n
=7 because they had inadequate data for determining T2DM status; n = 5 because they were
considered to have type 1 diabetes mellitus based on an age of diagnosis in childhood or
adolescence; and n = 24 because they did not have complete Center for Epidemiologic
Studies Depression scale scores. All participants signed an informed written consent form,
approved by the institutional review boards of the clinical sites.

Measurement of Inflammatory Markers

Inflammatory markers were obtained from frozen stored plasma taken during an initial
clinical examination. Plasma IL-6 and TNF-a levels were measured in duplicate by enzyme-
linked immunosorbent assay (ELISA) kits from R&D Systems (Minneapolis, MN). The
detectable limit for IL-6 (by HS600 Quantikine kit) was 0.10 pg/mL, with an inter-assay
coefficient of variation (CV) of 10.3%. The detectable limit for TNF-a (by HSTAS50 kit)
was 0.18 pg/mL, with an inter-assay CV of 15.8%. Plasma levels of CRP were also
measured in duplicate by ELISA based on purified protein and polyclonal anti-CRP
antibodies (Calbiochem, San Diego, CA). The CRP assay was standardized according to the
World Health Organization First International Reference Standard, with a sensitivity of 0.08
ug/mL and an inter-assay CV of 8.0%.

Diabetes Status Assessment

Presence of diabetes was based on the following American Diabetes Association criteria: 1)
a report of having been diagnosed with diabetes by a doctor (n = 445) and/or 2) use of oral
hypoglycemic medications or insulin (n = 8) or 3) having a fasting plasma glucose 2126 mg/
dl (n = 107) or 4) having a 2-hour oral glucose tolerance test =200 mg/dl (n = 142) [44].

J Psychosom Res. Author manuscript; available in PMC 2014 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Doyle et al. Page 4

Center for Epidemiologic Studies Depression (CES-D) scale

Depressive symptoms were measured with the CES-D scale, a 20-item, self-report scale
designed to measure depressive symptoms experienced during the previous week [45]. The
scale, ranging from 0 to 60, has been shown to be a valid and reliable instrument in older
populations [46]. The internal consistency has been demonstrated to be high: Cronbach’s a
=.82. Given that many of the physical symptoms of depression (e.g., fatigue, weight/
appetite fluctuations, & sleep disturbances) often overlap with symptoms of chronic illness,
the use of higher cut-scores on the CES-D scale, above the traditional cut-score of > 16,
have been proposed in order to reduce the potential for increased false-positive rates of
clinically meaningful depressive symptoms [47]. The current study used a CES-D cut-score
of > 20 to help reduce false-positive rates of clinically meaningful depressive symptoms.
Haringsma and colleagues (2004) have reported the sensitivity (86.2%) and specificity
(50.8%) of the CES-D (cut-score = 20) in detecting clinically relevant depressive symptoms
among older adults (ages 55-85). Similarly, the use of a cut-score of > 20 was also
recommended by Blank and colleagues (2004) when working with elderly adults (mean age
= 77) within outpatient medical settings (sensitivity = 79.0% & specificity = 80.0%) [48].

Covariate Assessment

The following variables were assessed for inclusion as covariates in all statistical models:
age, gender, race, study site, smoking status (current or former/never smoker) and presence
of acute respiratory infection (within the past 2 weeks). A person’s total kilograms of body
fat mass was determined by dual-energy x-ray absorptiometry (QDR 4500A, software
version 8.21; Hologic, Waltham, MA). The prevalence of chronic conditions (e.g., lung
disease, myocardial infarction, angina pectoris, congestive heart failure, hypertension, renal
insufficiency, & arthritis) was determined through disease algorithms using self-report or
physician-diagnosed disease information, clinical data, and medication use similar to
adjudicated diagnoses from the Cardiovascular Health Study [49]. All medications regularly
taken in the 2 weeks prior to their clinic visit (including anti-inflammatory & anti-depressant
medications) were recorded and coded using the lowa Drug Information System code [50].
However, some covariates were excluded from further analysis based on the presence of
multicollinearity, assessed through use of the variance inflation factor (VIF; the inverse of
the proportion of variance not accounted for by other independent variables); no VIF was =
10 and the mean VIF for each regression model was < 2 [51]. Further, the utility of
covariates was examined through use of pooled within-cell correlations. These correlations
helped to determine if a covariate was related to the dependent variable (i.e., inflammation)
once adjustment was made for other covariates. Covariates that were not significantly
related to inflammation following this procedure (e.g., anti-depressant medication usage)
were not included in the final statistical models.

Statistical Analyses

Data were examined for normality, homoscedasticity, skewedness, kurtosis, and
multicollinearity prior to analysis. Differences in proportions and means of covariates across
the four study groups were assessed using x2 and ANOVA statistics, respectively. Given that
plasma levels of inflammatory markers were non-normally distributed, comparisons of mean
continuous levels were based on ANOVA statistics using log-transformed values. Statistical
analyses were performed for each inflammatory marker separately. Following covariate
adjustment, a two-factor between-subjects analysis of covariance was used to examine the
mean differences in levels of log-transformed IL-6, TNF-a, and CRP by T2DM status,
depressive symptom status, and the interaction term (T2DM X depressive symptom status).
All statistical analyses were conducted using SAS 9.1 [52].
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Baseline demographic characteristics are presented in Table 1 by T2DM and depressive
symptom status. Approximately 23.3% of the sample had T2DM while 2.3% of participants
had elevated depressive symptoms according to the CES-D (cut-score = 20). In both the
DEP Only and T2DM + DEP groups, women had a greater prevalence of elevated
depressive symptoms compared to men. The T2DM Only and T2DM + DEP groups
contained higher proportions of participants who were Black, had less than a high school
education, or more who were diagnosed with cardiovascular disease. Review of diabetes-
specific variables including HbA1c, length of T2DM duration, and the use of insulin and/or
oral hypoglycemic agents did not significantly differ between the T2DM Only and T2DM +
DEP groups. Total percent body fat did not differ across the study groups. The T2DM +
DEP group had a higher proportion of current smokers and a lower proportion of individuals
on statin therapy.

Table 2 shows the baseline mean plasma concentrations of inflammatory markers by T2DM
and elevated depressive symptoms. Mean levels of IL-6 and CRP were significantly higher
(0<.001) in persons with T2DM+DEP compared to those in the T2DM Only or DEP Only
groups, followed by No T2DM or DEP. Individuals with T2DM Only had significantly (p<.
001) elevated mean levels of TNF-a compared to No T2DM or DEP. However, differences
in mean TNF-a levels was not observed between any other groups.

The interaction between T2DM and elevated depressive symptom (CES-D = 20) status on
levels of IL-6 (pg/mL) was significant, A1, 2565) = 4.5, p < .05, after controlling for age,
race, gender, study site, percent body fat, smoking status, statin use, acute respiratory
infection, and heart and lung disease. A Scheffé test was performed to test for significant
pair-wise differences among the four group means. Figure 1 shows that the adjusted
marginal means for IL-6 were significantly higher (p<.05) among those with T2DM+DEP
compared to all other groups (4.5£3.0 versus 2.7+2.1 [T2DM Only], 2.6+2.3 [DEP Only], &
2.3+1.9 [No T2DM or DEP]).

Similarly, after adjustment for age, race, gender, percent body fat, triglycerides, smoking
status, statin use, acute respiratory infection, and lung disease, the interaction between
T2DM and elevated depressive symptom status on levels of CRP (mg/L) was significant,
A1, 2672) = 5.7, p< .05. A Scheffé test was performed to test for significant differences
among the four group means. Figure 2 shows that the adjusted marginal means for CRP
were significantly higher (p<.05) among those with T2DM+DEP (5.6+4.9) compared to
DEP Only (2.9+4.4) and No T2DM or DEP (2.8+4.6). The difference in levels of CRP
between those with T2DM+DEP (5.6+4.9) and T2DM Only (3.5%5.2) approached
significance (p=.06).

The interaction between T2DM and elevated depressive symptom status on levels of TNF-a
(pg/mL) was not significant, A1, 2736) = 0.001, p = 0.96, after adjustment for age, gender,
race, percent body fat, statin use, acute respiratory infection, and heart disease.

Discussion

This study is the first investigation to demonstrate that the presence of T2DM and elevated
depressive symptoms is associated with higher levels of specific inflammatory markers.
Results show that those with T2DM and elevated depressive symptoms have significantly
higher levels of IL-6 compared to those with T2DM or elevated depressive symptoms only,
compared to those without T2DM or elevated depressive symptoms even after adjustment
for potential confounders. The presence of both T2DM and elevated depressive symptoms
appears to be associated with higher levels of IL-6 in these patients, which is important
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because it supports the notion that inflammation may be an underlying biological
mechanism linking T2DM and depressive symptoms. Prior research has suggested that
markers of inflammation may be a cause or consequence of elevated depressive symptoms
found among patients with other types of inflammatory-related diseases (e.g., cardiovascular
disease) [39-42]. Thus, prospective design studies are needed to better understand the
temporal associations between inflammation and these co-morbidities.

Findings from this study also demonstrate that the presence of T2DM, but not elevated
depressive symptoms, is associated with higher levels of CRP. In both adjusted and
unadjusted analyses, higher circulating levels of CRP were observed in the T2DM groups
compared to elevated depressive symptoms only and those without T2DM or elevated
depressive symptoms. This may suggest that the presence of T2DM is important to the up-
regulation of CRP. It could be that the underlying disease processes related to T2DM (e.qg.,
insulin resistance, dyslipidemia, or atherosclerosis) contributed to greater circulating levels
of CRP in the T2DM groups. Several mechanisms related to these disease processes have
been shown to increase CRP production in hepatocytes (e.g., increased levels of glucagon
[53], advanced glycation end products [54], & circulating free fatty acids [55], as well as
vitamin D deficiency [56]), which could explain why CRP was higher among patients with
T2DM compared to those without T2DM. It could also be that the inability to detect an
additive effect for CRP versus IL-6 may suggest that differential effects of T2DM and
elevated depressive symptoms exist for various markers of inflammation. Alternatively,
poor health status among those with T2DM (e.g., presence of other inflammatory
complications such as CVD) may have accounted for the higher levels of CRP observed in
these participants. However, this explanation seems less likely as our analyses were adjusted
for potential confounders (e.g., CVD, lung disease, etc.).

The presence of an additive effect of T2DM and elevated depressive symptoms on TNF-a
was not observed in this study. One reason for this may have been the small number of
participants in the T2DM + DEP group, suggesting that the power to detect a statistically
significant additive effect on TNF-a was low. Another potential reason for this finding may
have been the lack of variability in total percent body fat across the study participants (see
Table 1). Obesity is a state of chronic inflammation, often characterized by the over-
expression of TNF-a within adipose tissue, which is important because visceral obesity
plays a pivotal role in the development of T2DM [57]. Given there were no significant
differences in the mean total percent body fat reported across the study groups, the ability to
detect an additive effect between T2DM and elevated depressive symptoms may have been
obscured by the fact that TNF-a was already up-regulated among participants relative to
IL-6 and CRP. In this sense, these findings at least support prior research demonstrating that
TNF-a is strongly correlated with obesity in both T2DM and non-T2DM samples [13-16].
While this does not exclude TNF-a as an important inflammatory marker related to T2DM
and depressive symptoms it does demonstrate the importance of assessing the association
between obesity and TNF-a during future investigations.

The possibility that confounding variables, which are known to be associated with
heightened levels of inflammation, could have accounted for the observed results was
considered. For example, participants with T2DM + DEP were more likely to be current
smokers and less likely to be using statin therapy (see Table 1). Thus, we included both of
these variables as covariates in the study analyses since smoking status and statin use have
been shown to be related to inflammation [58, 59]. Research has indicated that nicotine-
dependent smokers tend to report more depressive symptoms, compared to nondependent or
never-smokers [60], and they may also use nicotine as a form of self-medication for
depressive symptoms [61]. However, controlling for smoking status and statin use did not
impact the significance of the present results. We also considered if those with T2DM +
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DEP had greater disease severity compared to those with T2DM Only. However, review of
diabetes-specific characteristics such as HbAlc, length of T2DM diagnosis, and use of
insulin and oral hypoglycemic agents did not significantly differ between the T2DM + DEP
and the T2DM Only groups (Table 1).

Our study has several limitations. The cross-sectional design of the study does not allow for
us to make causal inferences regarding the directionality of inflammation in the association
between T2DM and elevated depressive symptoms. In addition, the sample was comprised
of well-functioning older adults. Consequently, the generalizability of the results to younger-
or middle-aged adults may be limited, making replication of these findings within a younger
cohort important. Inherent to most studies examining a broad range of older adults, the
potential for survivor bias should also be considered. For example, studying a sample of
relatively healthy participants may have led to an underestimation of the associations
between diabetes, depression, and inflammation. Having a more heterogeneous sample may
have allowed for a greater number of participants across study groups as well as potentially
larger differences in inflammatory markers (e.g., CRP). Further, our healthy study sample
had a lower than expected prevalence of depressive symptoms (i.e., 2.3%) in comparison to
other community-based samples of adults [62, 63], which may have made it more difficult to
detect associations with inflammatory markers. We do not know if this was a function of
early mortality among less healthy patients prior to enrollment, who may have reported
higher levels of depressive symptoms or if those with minimal to mild depressive symptoms
were simply more likely to participate in the study. The low rates of depression may also be
because of the more stringent cut-score used on the CES-D scale (i.e., >20), though it did
not interfere with our ability to detect significant differences in inflammation between the
relatively small number of individuals within the T2DM+DEP and DEP Only groups.
Nonetheless, this highlights the need for replication of our findings in a larger sample of
adults demonstrating a higher prevalence of elevated depressive symptoms. Finally, our
study used a self-report scale to measure depressive symptomatology and did not include a
clinical and/or diagnostic interview for determining Major Depressive Disorder. However, it
should be noted that when working with medical populations, the use of a more stringent
cut-score for depressive symptoms on the CES-D scale has been shown to protect against
high false-positive rates for depressed mood status.

Conclusions

The significance of this investigation is that it provides evidence that inflammation is
associated with T2DM and elevated depressive symptoms. Participants with both T2DM and
elevated depressive symptoms had the highest IL-6 levels compared to all other study
groups. Since inflammation could be a cause or consequence of T2DM and elevated
depressive symptoms, more prospective design research is needed to understand the
temporal associations between inflammation and these co-morbidities. Conversely, patients
with T2DM and elevated depressive symptoms tended to exhibit higher CRP levels than
participants with T2DM alone. Although this difference was not statistically significant, it
may still have clinical meaning since it may suggest that differential effects for T2DM and
depressive symptoms appear to exist for various markers of inflammation. Broadening our
understanding of the predictors of depression in T2DM may elucidate potential ways to
improve depression treatment (e.g., translational research strategies that focus on the
management of depressive symptoms using novel anti-inflammatory therapies to target the
up-regulation of inflammation, in conjunction with anti-depressants and/or psychotherapy).
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Figure 1.

Adjusted marginal mean IL-6 (pg/mL) levels (S.D.) according to diabetes and elevated
depressive symptoms (CES-D = 20) after controlling for age, race, gender, study site,
percent body fat, smoking status, statin use, and heart and lung disease. Cell sizes may differ
from the overall sample size due to variation in the availability of IL-6 and covariates for
each participant.

*p<.05 significant comparisons between T2DM + DEP and T2DM Only, DEP Only, and No
T2DM or DEP groups.

**p<.0001 significant comparison between T2DM Only and No T2DM or DEP groups.
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Figure2.

Adjusted marginal mean CRP (mg/L) levels (xS.D.) according to diabetes and elevated
depressive symptoms (CES-D = 20) after adjustment for age, race, gender, percent body fat,
triglycerides, smoking status, statin use, and lung disease. Cell sizes may differ from the
overall sample size due to variation in the availability of CRP and covariates for each
participant.

*p<.05 significant comparisons between T2DM + DEP and DEP Only and No T2DM or
DEP groups. There was also a significant comparison between T2DM Only and No T2DM
or DEP groups.
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