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OBJECTIVE

The prevalence of depression and depressive symptoms is increased twofold in
people with type 2 diabetes compared with the general population and is associated with worse biomedical outcomes and increased mortality. Type 2 diabetes,
cardiovascular disease, and depression in nondiabetes subjects are independently
associated with raised concentrations of circulating inﬂammatory markers, but it
is not known if a similar association is observed in type 2 diabetes. We tested the
hypothesis that higher depressive symptom scores in newly diagnosed type 2 diabetes patients were associated with higher concentrations of inﬂammatory
markers.
RESEARCH DESIGN AND METHODS

Depressive symptoms in adults with newly diagnosed type 2 diabetes recruited
from primary care were assessed using the Patient Health Questionnaire-9.
Twelve markers of inﬂammation (C-reactive protein [hs-CRP], interleukin-4 [IL-4],
IL-6, IL-10, vascular endothelial growth factor [VEGF], tumor necrosis factor-a
[TNF-a], IL-1b, IL-1 receptor antagonist [IL-1RA], monocyte chemotactic protein-1
[MCP-1], white blood cell count [WBC], adiponectin, and triglyceride [TG]) were
measured. Covariates included sociodemographic factors, adiposity, macrovascular
disease, HbA1c, and prescribed medication. The association between each inﬂammatory marker and depressive symptom score was estimated by multiple linear
regression.
RESULTS

The baseline cohort consisted of 1,790 participants. After adjusting for covariates,
CRP (B = 0.13, P < 0.001), IL-1b (B = 0.06, P = 0.047), IL-1RA (B = 0.13, P < 0.001),
MCP-1 (B = 0.11, P = 0.001), WBC (B = 0.13, P < 0.001), and TG (B = 0.10, P < 0.001)
were associated with depressive symptoms.
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Increased inﬂammation may be involved in the pathogenesis of depressive symptoms in type 2 diabetes and contribute to the increased risk of complications and
mortality in this group.
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markers of systemic inﬂammation (21).
Furthermore, childhood adversity, a major risk factor for adult depression, is prospectively associated with higher
concentrations of CRP in early adult life
(22). Depressive symptoms are associated with raised white blood cell count
(WBC) in people with established cardiovascular disease (23). In a small selected
inpatient depression sample (n = 70),
adiponectin and IL-6 were associated
with metabolic status (24), and in a
secondary analysis of an elderly U.S.
cohort, a nested sample of established
diabetes (n = 14), depressive symptoms were positively associated with
IL-6 (25).
Despite these proposed mechanisms,
in people with newly diagnosed type 2
diabetes, it is not known if there is an
association between systemic inﬂammation and depressive symptoms. We tested
the hypothesis that the presence of depressive symptoms was associated with
increased concentrations of circulating inﬂammatory markers in a cohort of newly
diagnosed type 2 diabetes patients.
We selected newly diagnosed cases of
type 2 diabetes as this represents a window of opportunity to identify patients at
high risk of poor prognosis with the potential of early intervention.
RESEARCH DESIGN AND METHODS
Design

The study used a population-based,
cross-sectional design with the baseline
participants in the South London Diabetes Study (SOUL-D), which is a prospective cohort study designed to test the
relative effects of psychological and social
factors on biomedical outcomes in people
with newly diagnosed type 2 diabetes.
Ethical approval was granted by the King’s
College Hospital Research Ethics Committee (reference 08/H0808/1) and by
Lambeth, Southwark, and Lewisham Primary Care Trusts (reference RDLSLB
410), and all participants provided written informed consent.
Setting and Sampling Frame

The study was set in the inner-city boroughs of Lambeth, Southwark, and
Lewisham in South London, which collectively have ;0.75 million U.K. residents from diverse socioeconomic and
ethnic background, with 66% white,
20% African/Caribbean, and 14% South
Asian and other (26). All 138 general
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practices (primary care clinics in the
U.K.’s National Health Service) in these
boroughs were invited to participate,
and this constituted the sampling frame.
Every 6 months, each diabetes register
was searched for patients with a new
diagnosis of type 2 diabetes.
Study Population and Case Deﬁnition

People with a ﬁrst (,6 months) diagnosis of type 2 diabetes according to
World Health Organization’s criteria
(27), aged between 18 and 75 years at
diagnosis, were identiﬁed from diabetes
registers of participating general practices and invited to participate. Recruitment was conducted between May
2008 and September 2012; further details of the sampling methodology have
been described in detail elsewhere (26).
Assessment of Confounders

The following data were measured and
coded using general practice records:
age, sex, history of macrovascular disease
(myocardial infarction, coronary artery
bypass graft, cerebrovascular accident,
and carotid or limb revascularization),
and current prescribed medications
with a possible anti-inﬂammatory action
(statins, ﬁbrates, systemic steroids, nonsteroidal anti-inﬂammatory drugs, and
COX-2 inhibitors). A physical examination
was performed to measure systolic and
diastolic blood pressures (mmHg) and
BMI (kg/m2), and a questionnaire was
used to determine smoking status and
self-report ethnicity based on 2001 U.K.
census methods (26).
Main Explanatory Variables

We selected 12 inﬂammatory markers
identiﬁed a priori as associated with
type 2 diabetes and/or depression (11–
15,18–20,23,28,29). Serum CRP was
measured by a high-sensitivity CRP
(hs-CRP) assay using an Advia 2400 analyzer (Siemens Diagnostics, Frimley,
U.K.). The detection limit of the assay
was 0.1 mg/L. WBC was measured using
an Advia 2120 analyzer (Siemens Diagnostics); these tests were carried out
using freshly drawn venous blood samples stored at room temperature until analyzed. Adiponectin was measured using
ELISA kits (R&D Systems Europe, Oxon,
U.K.). The detection limit of the assay
was 0.246 mg/L. IL-4, IL-6, IL-10, vascular
endothelial growth factor (VEGF), tumor
necrosis factor-a (TNF-a), IL-1b, IL-1 receptor antagonist (IL-1RA), and monocyte
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The prevalence of depression and depressive symptoms is twice as common
in individuals with type 2 diabetes compared with those without diabetes (1,2).
When depression and depressive symptoms are present, they are associated
with worse glycemic control (3), an increased risk of microvascular and macrovascular diabetes complications (4),
and an increased risk of premature mortality (5). In prospective studies, the
presence of depressive symptoms is associated with a 37–60% increased risk of
incident type 2 diabetes, and there is a
smaller reverse association of a 15–24%
risk of incident depressive symptoms in
those with type 2 diabetes (6–9).
The mechanisms for this bidirectional
relationship between depressive symptoms and diabetes are not well understood (10). We are investigating
activated innate immunity as the common antecedent for the parallel development of diabetes and depression, and
for cardiovascular disease (which is a
common comorbidity of diabetes and
depression), since there is evidence for
the involvement of innate immunity in
the pathogenesis of all three.
Depression in the general population,
when deﬁned by diagnostic clinical
interview, has a small but signiﬁcant
association with a systemic, cytokinemediated, chronic inﬂammatory state
(a marker of activation of innate immunity) that differs according to subtype of
depression (11–13). Insulin resistance,
type 2 diabetes, and cardiovascular diseases are also associated with a chronic
low-grade inﬂammatory response due
to activated innate immunity (14–16).
Prospective studies have shown that
raised circulating concentrations of inﬂammatory markers, including acutephase proteins such as C-reactive protein
(CRP) and proinﬂammatory cytokines
such as interleukin-6 (IL-6), are associated with the onset of type 2 diabetes
in cohorts with initially normal glucose
tolerance (17,18). Activated innate immunity is also a strong independent
risk factor for cardiovascular events and
mortality in the general population and
in those with established type 2 diabetes
(16,19,20). There have been similar observations of associations between inﬂammation and cardiovascular disease;
in a cohort of people with depression,
those with asymptomatic cardiovascular
disease had increased concentrations of
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Main Outcome Variable

The presence of depressive symptoms
at baseline was measured using the Patient Health Questionnaire-9 (PHQ-9).
This is a self-report measure that was
developed for primary care to aid clinicians in identifying probable cases of depression. A cutoff score of $10 is the
optimal threshold for identifying probable cases of depression, with a sensitivity of 73% and speciﬁcity of 98% (30,31),
whereas those with a score ,10 were
deﬁned as nondepressed participants.
The PHQ-9 has acceptable validity in diabetes populations (32).
Statistical Analyses

Data were analyzed using SPSS 21.0 (released 2012, IBM SPSS Statistics, version
21.0; IBM Corp, Armonk, NY). The main
characteristics of the study population
are summarized as mean (SD) where
data were normally distributed or median (interquartile range [IQR]) where
data were skewed, or as a count (percentage) for categorical variables, all
stratiﬁed by PHQ-9 depression case status. Unadjusted statistical analyses were

conducted using Student t test for normally distributed continuous data,
Mann-Whitney U test for nonnormally
distributed continuous data, and Spearman ranked correlation coefﬁcient (rs)
to compare bivariate associations. The
x2 test was used for comparisons of categorical data. A natural log was used to
transform skewed data for inﬂammatory
markers and PHQ-9 score in multiple regressions. Multiple linear regressions
were used to assess the relationship between depressive symptom score as the
dependent variable and those inﬂammatory markers that had signiﬁcant association in the unadjusted analyses as
independent variables; covariates were
added to the model in sequential steps
using a hierarchical method and only retained if they were signiﬁcantly associated with the outcome or an important
clinical confounder, such as ethnicity.
Simes’ improved Bonferroni method
was used to correct for multiple testing
for pairwise comparisons of inﬂammatory marker differences between groups
and association between inﬂammatory
marker concentrations and PHQ-9 score.
An assessment of the residuals did not
suggest major violations of the assumptions of a multiple regression. Leftcensored data for concentrations of
inﬂammatory markers (where the actual
concentration was below the minimum
detection threshold) accounted for
,2% of values. Left-censored values
were replaced with values equal to half
the minimum detected value for each cytokine. For ﬁve cases (0.5% of the sample), the value for MCP-1 concentration
was right censored (i.e., the value was
known only to be more than the maximum detection threshold of the assay). In
the unadjusted analyses of MCP-1 (which
used ranked data), these ﬁve cases were
included and right-censored data were
substituted for the maximum detectable
value. These ﬁve cases were omitted
from the adjusted multiple linear regression analysis because of the small number of cases with right-censored values. A
sensitivity analysis that included the
cases with right-censored values showed
they had no effect on the results of the
multiple linear regression.
RESULTS

Of 139 general practices invited, 96
(70%) agreed to participate, from which
1,790 participants with newly diagnosed

type 2 diabetes were recruited. There
were .25% missing answers from
PHQ-9 scores in 21 (1.2%) participants,
so these were excluded and the analyses
were conducted on n = 1,769 (98.8%).
Analyses of inﬂammatory markers were
conducted on a subset of the cohort for
whom we had a stored serum sample,
n = 1,227 (69%). Compared with those
with a frozen stored sample, those who
had missing or unanalyzable blood samples (n = 542) were younger (mean age
57 [11] vs. 55 [11] years, P , 0.001) and
more likely to be of black African or
Caribbean ethnicity (36 vs. 50%, P ,
0.001), but there were no statistically
signiﬁcant differences in sex (55 vs.
56% male, P = 0.83), PHQ-9 depression
cases (13.6 vs. 17.8%, P = 0.08), or glycemic control (DCCT HbA 1c 6.97%
[1.4] vs. 7.09% [1.6]; IFCC HbA 1c 52.7
mmol/mol [15.2] vs. 54.0 mmol/mol
[17.3]; P = 0.148). The median age for
female participants was 57 years (IQR
50–64), suggesting that the majority
were probably postmenopausal.
Table 1 reports the demographic
characteristics, depressive symptom
score, and concentrations of inﬂammatory markers in the type 2 diabetes patients stratiﬁed by PHQ-9 depression
case status. The prevalence of depression cases, deﬁned as a PHQ-9 score
$10, was 14.6% (n = 258). Depression
case subjects were nearly 5 years younger, had a higher BMI, were more likely
to be female, and had a signiﬁcantly
greater prevalence of macrovascular
disease.
Median circulating concentrations of
the inﬂammatory markers hs-CRP, IL1RA, WBC, and TG were signiﬁcantly
higher in depression case subjects compared with nondepressed participants,
and these differences remained signiﬁcant after Simes’ improved Bonferroni
correction for multiple testing (Table
1). There were no statistically signiﬁcant
differences in LDL cholesterol, HDL cholesterol, total cholesterol, IL-4, IL-6,
IL-10, VEGF, TNF-a, IL-1b, MCP-1, or adiponectin concentrations in depression
case subjects compared with nondepressed participants, although there
was a trend toward lower concentrations of adiponectin in the former
group.
Symptoms of depression, measured
as a continuous PHQ-9 score, were positively correlated with the inﬂammatory
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chemotactic protein-1 (MCP-1) were all
measured from serum samples centrifuged from venous blood samples taken
after an overnight fast and stored between 240 and 2808C using cytokinearray biochip kits (Randox, Belfast, U.K.)
and analyzed using the Randox Evidence
Investigator. The inter- and intra-assay
coefﬁcients of variation for all analytes
measured using these kits are ,15 and
,10%, respectively. We measured fasting
lipids using a Siemens Advia 2400 analyzer. The detection limits of the assays
were as follows: triglyceride (TG) 0.01
mmol/L (the 12th inﬂammatory marker),
total cholesterol 0.01 mmol/L, and HDL
cholesterol 0.1 mmol/L; LDL cholesterol
was calculated via the Friedewald formula. Glycated hemoglobin (HbA1c) was
measured by afﬁnity chromatography using the Primus Ultra 2 analyzer (Primus
Corporation, Kansas City, MO). Fasting
lipid tests were performed using freshly
drawn venous blood samples stored at
room temperature until analyzed. Fasting
blood samples were drawn in the morning
at the patients’ respective general practices or their local phlebotomy service and
were centrifuged, analyzed, aliquoted,
and then frozen (for the cytokine analyses) on the same day.
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Table 1—Baseline characteristics of depression case subjects (PHQ-9 ‡10) and nondepressed (PHQ-9 <10) participants with
type 2 diabetes in the South London Diabetes Study
Baseline variable
Total (n = 1,769)
No depression (n = 1,511)
Depression (n = 258)
P value
56.6 (11.05)

53.0 (10.40)

,0.001*

976 (55.2)
793 (44.8)

855 (56.6)
656 (43.4)

121 (46.9)
137 (53.1)

0.004*

878 (49.6)
710 (40.1)
181 (10.2)
7.00 (1.45) (53.1)

750 (49.6)
615 (40.7)
146 (9.7)
6.98 (1.46) (52.8)

128 (49.6)
95 (36.8)
35 (13.6)
7.13 (1.43) (54.5)

0.128

0.139

1.40 (0.90–2.00)
2.63 (0.91)
1.22 (0.34)
4.57 (1.09)

1.40 (0.90–1.90)
2.63 (0.90)
1.22 (0.33)
4.56 (1.06)

1.50 (1.00–2.20)
2.65 (0.98)
1.20 (0.39)
4.69 (1.23)

0.003*
0.792
0.589
0.097

Mean BMI, kg/m2

32.0 (6.50)

31.8 (6.34)

33.4 (7.23)

0.001*

Macrovascular disease (%)
None
More than 1

1,584 (90.8)
161 (9.2)

1,365 (91.5)
126 (8.5)

219 (86.2)
35 (13.8)

0.007*

2.90 (1.20–6.40)
1.34 (1.11–1.68)
1.35 (0.68–3.42)
0.45 (0.34–0.63)
75.3 (44.8–119.3)
0.89 (0.39–1.86)
1.02 (0.73–1.87)
437.2 (292.0–694.8)
103.3 (60.2–152.9)
6.51 (5.31–7.97)
4.94 (3.28–7.50)

2.70 (1.10–6.20)
1.34 (1.10–1.68)
1.32 (0.67–3.41)
0.44 (0.34–0.63)
74.6 (44.9–118.2)
0.89 (0.39–1.88)
1.01 (0.72–1.85)
430.0 (282.9–672.4)
101.7 (59.3–151.1)
6.44 (5.25–7.86)
5.01 (3.29–7.61)

3.25 (1.40–8.70)
1.35 (1.17–1.68)
1.40 (0.75–3.63)
0.47 (0.35–0.68)
83.3 (44.9–128.7)
0.91 (0.43–1.76)
1.12 (0.76–2.06)
488.8 (337.3–785.3)
112.1 (62.8–162.6)
6.91 (5.74–8.56)
4.65 (3.27–6.65)

0.002*
0.380
0.420
0.144
0.589
0.771
0.191
0.003*
0.134
,0.001*
0.097

Sex (%)
Male
Female
Ethnicity (%)
White
Black
Asian/other
Mean % HbA1c (mean HbA1c, mmol/mol)
Lipids
Median TG, mmol/L
Mean LDL, mmol/L
Mean HDL, mmol/L
Mean total cholesterol, mmol/L

Inﬂammatory markers
Median hs-CRP, mg/L
Median IL-4, ng/L
Median IL-6, ng/L
Median IL-10, ng/L
Median VEGF, ng/L
Median TNF-a, ng/L
Median IL-1b, ng/L
Median IL-1RA, ng/L
Median MCP-1, ng/L
Median WBC, 3109/L
Median adiponectin, mg/L

Data are n (%), mean (SD), or median (IQR) as appropriate. Missing or incomplete values were as follows: HbA1c = 117 cases, lipids = 245 cases, BMI =
3 cases, macrovascular history = 24 cases, hs-CRP = 308 cases, WBC = 183 cases, and adiponectin = 304 cases. Values for IL-4, IL-6, IL-10, VEGF, TNF-a,
IL-1b, IL-1RA, and MCP-1 were for a subset of the ﬁrst 1,227 case subjects for whom we had a stored serum sample. *Signiﬁcant after Simes’
improved Bonferroni correction for multiple testing.

markers hs-CRP, VEGF, IL-1b, IL-1RA,
MCP-1, WBC, and TG and were negatively
correlated with adiponectin; these differences remained signiﬁcant after Simes’
improved Bonferroni correction for multiple testing (Table 2). The mean HbA1c
concentration was not statistically different between depression case subjects
and nondepressed participants.
Table 3 reports the results of the ﬁnal
models of multiple linear regression
analyses; these were used to compare
concentrations of circulating markers
of inﬂammation with levels of depressive symptoms (PHQ-9 score) while adjusting for sociodemographic factors,
HbA1c, adiposity (BMI), smoking history,
history of macrovascular disease, and
prescription of medication. Only those
inﬂammatory markers that were associated with PHQ-9 score in unadjusted
Spearman r tests were included in the
multiple linear regression analyses,
namely, hs-CRP, VEGF, IL-1b, IL-1RA,

MCP-1, WBC, TG, and adiponectin. After
adjusting for all covariates, there
remained a signiﬁcant association between six inﬂammatory markers (hsCRP, IL-1b, IL-1RA, MCP-1, WBC, and
TG) and depressive symptom score.
CONCLUSIONS

In a large population-based, newly diagnosed type 2 diabetes cohort, we
found that depression case subjects as
deﬁned by the PHQ-9 were younger,
more overweight, had more macrovascular disease, and had higher circulating
concentrations of several established
inﬂammatory markers. After adjusting
for relevant potential confounding variables, including adiposity, age, sex,
ethnicity, smoking, HbA1c, diabetes complications, and medications with antiinﬂammatory action, the association
between depressive symptoms and
hs-CRP, IL-1b, IL-1RA, MCP-1, WBC,
and TG remained signiﬁcant.

A strength of our study is that we
chose a priori a large range of inﬂammatory markers that have been implicated
Table 2—Unadjusted Spearman ranked
correlation for association between
inﬂammatory marker concentration
and PHQ-9 score
rs

P value

hs-CRP

0.15

,0.001*

IL-4

0.06

0.056

IL-6

0.05

0.075

IL-10

0.05

0.105

VEGF

0.07

0.012*

TNF-a
IL-1b

0.02
0.09

0.404
0.003*

IL-1RA

0.16

,0.001*

MCP-1

0.08

0.005*

WBC

0.13

,0.001*

0.11

,0.001*

20.07

0.010*

Inﬂammatory marker

TG
Adiponectin

*Signiﬁcant after Simes’ improved
Bonferroni correction for multiple testing.
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Mean age, years
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Table 3—Adjusted† ﬁnal multiple linear regression models for the independent association between PHQ-9 score‡ and each
inﬂammatory marker‡
Inﬂammatory marker
Age
Sex
BMI
MVD
HbA1c
Model
R2
0.07

B (SE)
Standardized b
P

0.15 (0.03)
0.13
,0.001*

20.02 (0.003)
20.17
,0.001*

0.20 (0.05)
0.10
,0.001*

0.003 (0.004)
0.02
0.435

0.27 (0.09)
0.08
0.004*

0.003 (0.002)
0.04
0.111

VEGF

0.05

B (SE)
Standardized b
P

0.07 (0.04)
0.05
0.073

20.02 (0.003)
20.17
,0.001*

0.14 (0.06)
0.07
0.016*

0.007 (0.005)
0.05
0.110

0.21 (0.10)
0.07
0.030*

0.004 (0.002)
0.06
0.056

IL-1b

0.05

B (SE)
Standardized b
P

0.08 (0.04)
0.06
0.047*

20.02 (0.003)
20.17
,0.001*

0.15 (0.06)
0.08
0.010*

0.008 (0.005)
0.05
0.078

0.22 (0.10)
0.07
0.025*

0.004 (0.002)
0.06
0.043*

IL-1RA

0.06

B (SE)
Standardized b
P

0.20 (0.05)
0.13
,0.001*

20.02 (0.003)
20.17
,0.001*

0.11 (0.06)
0.06
0.056*

0.003 (0.005)
0.02
0.464

0.19 (0.10)
0.06
0.057

0.003 (0.002)
0.05
0.125

MCP-1

0.06

B (SE)
Standardized b
P

0.16 (0.05)
0.11
0.001*

20.02 (0.003)
20.18
,0.001*

0.16 (0.06)
0.08
0.006*

0.008 (0.005)
0.05
0.097

0.21 (0.10)
0.07
0.032*

0.003 (0.002)
0.05
0.068

WBC

0.07

B (SE)
Standardized b
P

0.47 (0.10)
0.13
,0.001*

20.02 (0.002)
20.18
,0.001*

0.24 (0.05)
0.12
,0.001*

0.008 (0.004)
0.05
0.041*

0.24 (0.09)
0.07
0.008*

0.003 (0.002)
0.04
0.093

TG

0.07

B (SE)
Standardized b
P

0.29 (0.08)
0.10
,0.001*

20.02 (0.002)
20.17
,0.001*

0.25 (0.05)
0.13
,0.001*

0.010 (0.004)
0.07
0.011*

0.25 (0.09)
0.07
0.005*

0.003 (0.002)
0.04
0.113

Adiponectin

0.06

B (SE)
Standardized b
P

20.08 (0.05)
20.05
0.096

20.01 (0.003)
20.16
,0.001*

0.26 (0.06)
0.13
,0.001*

0.009 (0.004)
0.06
0.036*

0.27 (0.09)
0.08
0.003*

0.003 (0.002)
0.05
0.063

*Signiﬁcant after Simes’ improved Bonferroni correction for multiple testing. †Adjusted for age, sex, ethnicity, HbA1c, BMI, smoking, history of
macrovascular disease (MVD), and prescribed medications. Only age, sex, BMI, MVD, and HbA1c are displayed here as these were the explanatory
covariates. ‡These variables were ln transformed.

in the pathogenesis of type 2 diabetes
and/or depression or depressive symptoms (11,12,18–20,28,29), to our knowledge one of the largest array of markers
measured in any cohort of diabetes. We
also chose biomarkers used in routine
clinical practice, including circulating
hs-CRP, WBC, and TG, which are all components of the acute-phase response in
animals and humans and may have clinical applications as useful biomarkers for
depressive symptoms (18,23,33). We
have used a population-based primary
care sample that aims to reduce selection bias. Using a cohort design allowed
us to include and adjust for a range of
potential confounding variables linking
innate immunity, inﬂammation, and depressive symptoms in type 2 diabetes,
including diabetes-related medications
that have anti-inﬂammatory properties,
such as statins, systemic steroids, and
nonsteroidal anti-inﬂammatory drugs.
As these type 2 diabetes patients were
newly diagnosed (,6 months), only 63
(4%) were on insulin therapy. Insulin
therapy was equally prescribed in those
who were depression case subjects versus those who were not but could

otherwise have been a signiﬁcant confounder. The cohort is representative of
the multiethnic and socially diverse
global type 2 diabetes population, and
the setting was an inner city where the
prevalence of both depression and type 2
diabetes are at their highest (34). We
used the continuous PHQ-9 score for
our primary hypothesis to improve the
power of the analyses and to overcome
the limitations in the validity of using a
threshold score to deﬁne depression.
The main limitation of these data are
that they are cross-sectional, so a causative link between inﬂammatory markers,
depressive symptoms, and type 2 diabetes cannot be inferred. When we deﬁned
a case of depression using a PHQ-9 cutoff
$10, we did not conﬁrm a diagnosis of
major depression using a clinical interview. Thus we may have overestimated
its prevalence because although this cutoff has a high sensitivity, this comes at
the expense of a lower speciﬁcity in diabetes patients (32). As we have used a
continuous PHQ-9 score, it is unclear
whether the associations we have reported between depressive symptom
score and inﬂammation exist in both

subthreshold and clinically diagnosed
major depressive disorder. We did not
adjust for antidepressants because there
is no systematic pooled evidence from
randomized controlled trials or observation studies to support a direct pro- or
anti-inﬂammatory effect. There is a risk
of residual confounding for poor adherence to medication, which we could not
measure, although our medication data
were derived from current general practitioner prescription records. There
was a small risk that comorbid acute or
chronic inﬂammatory conditions may
have been included, which could have
led to an overestimation of effects, but
terminal and advanced conditions were
exclusion criteria so the more severely
affected case subjects were excluded.
We did not adjust for estrogen replacement therapy or any potential inﬂammatory effects of premenopause, but
the majority of our female population
was postmenopausal. We did not include diet and physical activity because self-report measures are not
sufﬁciently accurate, but we used BMI,
which may be considered a proxy marker
for both.
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and/or the increased complications associated with it in type 2 diabetes.
We found that IL-1b, a proinﬂammatory cytokine, was positively associated
with depressive symptoms (the magnitude of the PHQ-9 score), as was IL-1RA,
which blocks IL-1b from binding to its
receptor. Where there is increased inﬂammation and IL-1b activity in speciﬁc
tissues, this leads to increased IL-1RA
secretion (38). That both these inﬂammatory markers were similarly associated with depressive symptom score is
consistent with the described pathway.
Adiponectin, negatively associated
with depressive symptom score in our
data, is known to have insulin-sensitizing
and anti-inﬂammatory effects and has
been reported as decreased in depression
(28,29,39). In our data, the association
between adiponectin and depressive
symptom score was attenuated when adjusting for BMI, which was also a signiﬁcant explanatory covariate in the ﬁnal
models for the association of PHQ-9
with WBC and TG. This suggests that
some of the increased inﬂammation and
the reduced concentrations of adiponectin that we detected in this group are
associated with the increased adiposity.
Only the inﬂammatory markers WBC,
hs-CRP, IL-1b, IL-1RA, MCP-1, and TG
were signiﬁcantly associated with depressive symptom score; whether these
markers represent a cluster or subtype
of the innate inﬂammatory response
more likely to be associated with depressive symptoms needs to be investigated.
We did not detect an association between some markers (such as IL-6 and
TNF-a), which have been previously associated with both depression and depressive symptoms, and diabetes (24,25).
There are a number of possibilities that
could explain this, and there is a risk of
overspeculating. It is possible that there
are subtypes of depression characterized
by different inﬂammatory proﬁles. It may
be that the concentrations of cytokines
such as IL-6 and TNF-a (which are raised
in type 2 diabetes and have been associated with its onset) are already raised to a
signiﬁcant level in our whole population
and in combination with the other
markers (which are associated with depressive symptom score in our cohort)
characterize the increased depressive
symptoms in our sample.
Our ﬁndings have several implications.
First, although depression is recognized

as a complication of established type 2
diabetes, we found that even at diagnosis, up to 15% of patients with type 2 diabetes had probable clinical depression.
This underlines the importance of recent
American Diabetes Association guidelines “Standards of Medical Care in
Diabetesd2013” alerting diabetes physicians to the need to screen, identify,
and treat depression at the earliest stages
of diabetes (40). Second, the association
of a higher degree of systemic inﬂammation with a higher depressive symptom
score may explain the increased risk of
macrovascular disease and mortality in
this group, since inﬂammation is a known
risk factor for cardiovascular disease and
mortality in participants with and without
diabetes (3,35,37). This may explain why
treating depression and depressive symptoms does not necessarily improve diabetes outcomes (4,5), as the increased
inﬂammation and accelerated disease pathology may not be resolved when using
conventional pharmacological and psychological treatments for depression.
Our ﬁndings support the hypothesis
that inﬂammation in type 2 diabetes
may cause the parallel development of
depressive symptoms, glucose intolerance, and atherosclerosis (19,20). Moreover, anti-inﬂammatory therapies may
inﬂuence both the course of diabetes
and depressive symptoms, as has been
suggested in the case of cardiovascular
disease (19,37); this hypothesis now
needs testing. As a cross-sectional association has been observed between
depressive symptoms and several inﬂammatory biomarkers, longitudinal
studies are now needed to test the direction of the association between depressive symptoms and inﬂammation.
We conclude that people with more
depressive symptoms and type 2 diabetes have higher circulating concentrations of inﬂammatory markers than
people with diabetes with less depressive symptoms. Studies are now needed
to examine whether the concentrations
of inﬂammatory markers at diagnosis of
diabetes predict the later development
of depressive symptomology.
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In the general population, inﬂammation is signiﬁcantly associated with cardiovascular disease (20), and since
inﬂammation is also a signiﬁcant biomarker associated with cardiovascular
mortality in type 2 diabetes (19), we
have hypothesized that activated innate
immunity is the common antecedent
of a number of chronic noncommunicable diseases such as type 2 diabetes,
atherosclerosis, and depressive symptoms (19), which tend to cluster together. It has been suggested that the
increased risk of complications in type 2
diabetes with depression and depressive symptoms may be related to poorer
glucose control (elevated HbA1c), but in
the current study, we did not ﬁnd significantly raised HbA1c in those who were
depression case subjects. This group appears to have developed diabetes at a
younger age, which may or may not be
due to behavioral effects of depression
earlier in the life span. However, as we
studied newly diagnosed type 2 diabetes, most patients had not had the opportunity to improve their glycemic
control and so the negative impact of
the behavioral effects of depression on
self-care and glycemic control that
others have observed may not have
been identiﬁable at this stage (35). It
should be noted that although some collaborative care intervention studies
(where therapies for both type 2 diabetes and depression are optimized) have
shown improvements in HbA1c (36), as a
general rule, glycemic control does not
improve when depression alone is treated (37), which argues against the association between depression or depressive
symptoms and poor glycemic control being mediated by reduced self-care behaviors alone.
Inﬂammation may have a role in
the pathogenesis of depression and
depressive symptoms via numerous
mechanisms, including altering the metabolism and activity of monoamine
transmitters, effects on neurogenesis
and neuroplasticity, and activation of
the hypothalamic-pituitary axis (9,13).
The increased concentrations of the inﬂammatory markers we detected in
newly diagnosed type 2 diabetes participants with increased depressive symptom scores, independent of HbA1c and
BMI, support an alternative hypothesis
that activated innate immunity is involved in the etiology of depression
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