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Abstract

Objective: The role of the endogenous secretory receptor for advanced glycation end products (esRAGE) in depression of
diabetes patients and its clinical significance are unclear. This study investigated the role of serum esRAGE in patients with
type 2 diabetes mellitus with depression in the Chinese population.

Patients and Methods: One hundred nineteen hospitalized patients with type 2 diabetes were recruited at Fujian Provincial
Hospital (Fuzhou, China) from February 2010 to January 2011. All selected subjects were assessed with the Hamilton Rating
Scale for Depression (HAMD). Among them, 71 patients with both type 2 diabetes and depression were included. All selected
subjects were examined for the following: esSRAGE concentration, glycosylated hemoglobin (HbAlc), blood lipids, C-reactive
protein, trace of albumin in urine, and carotid artery intima-media thickness (IMT). Association between serum esRAGE
levels and risk of type 2 diabetes mellitus with depression was also analyzed.

Results: There were statistically significant differences in gender, age, body mass index, waist circumference, and treatment
methods between the group with depression and the group without depression (P <0.05). Multiple linear regression analysis
showed that HAMD scores were negatively correlated with esRAGE levels (standard regression coefficient —0.270, P<0.01).
HAMD-17 scores were positively correlated with IMT (standard regression coefficient 0.183, P<0.05) and with HbAlc
(standard regression coefficient 0.314, P<0.01).

Conclusions: Female gender, younger age, obesity, poor glycemic control, complications, and insulin therapy are all risk
factors of type 2 diabetes mellitus with combined depression in the Chinese population. Inflammation and atherosclerosis
play an important role in the pathogenesis of depression. esRAGE is a protective factor of depression among patients who
have type 2 diabetes.

Introduction

CURRENTLY, DIABETES IS A THREAT to human health
around the world. The prevalence of diabetes has been
increasing rapidly.1 In 2010, the global prevalence rate of
adult diabetes was 6.4%, and it is projected that it would
increase to 7.7% by 2030." The incidence of depression in pa-
tients with diabetes has been significantly higher than that of
the general population.>™* Depression and depression-related
symptoms increase medical costs, reduce quality of life of
patients, and increase risk of complications and mortality.5
In recent years, attention has focused on risk factors of
depression in patients with diabetes and its associated detri-

mental effects.®® However, its pathogenesis is still not clear.
Recent studies show that inflammation and atherosclerosis
may be a common pathogenesis of accelerated development
of diabetes and depression.”'? Systemic immune activation, '
vascular endothelial dysfunc’cion,12 and modified platelet
function'® may be potential pathophysiological mechanisms
of diabetes and depression. Seldenrijk et al.'* found that
compared with normal controls, persons with depressive
symptoms showed a two- to threefold increased odds of low
ankle brachial index, indicating that patients with depression
are more likely to have subclinical atherosclerosis compared
with healthy controls. Many studies have shown that de-
pression will further worsen glycemic control in diabetes
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patients and influence occurrence and development of mac-
rovascular and microvascular com];>licati0ns,2’15’16 but little is
known about the risk factors of type 2 diabetes mellitus with
combined depression in the Chinese population.

There are several types of advanced glycation end product
(AGE) receptors; among them, the receptor for AGEs (RAGE)
plays the most essential role in pathogenesis of AGEs.'” RAGE,
which can be expressed in endothelial cells and mesangial cells,
is involved in inflammation, neuronal differentiation, and
other physiological and pathological processes. RAGE is clo-
sely related to chronic complications of diabetes.'® " Serum
total cleaved RAGE and endogenous secretory RAGE (es-
RAGE) are called soluble RAGE (sRAGE). The sRAGE can
bind to AGEs and block phosphorylation of AGE-induced
extracellular signal-regulated kinase, inhibiting its athero-
sclerosis-promoting effects.'®*° esRAGE can capture the RAGE
ligand and can counteract AGE-induced damages to endothelial
cells, suggesting its potential protection against vascular injury
in diabetes.?"?* Therefore, individual differences of serum es-
RAGE levels may be determining factors of susceptibility and
resistance of vascular complications of diabetes. Currently,
the role of esSRAGE in depression of diabetes patients and its
clinical significance are unclear. In this study, we analyzed
risk factors of concomitant depression in patients with type 2
diabetes through a case-control study. Through measuring
intima-media thickness (IMT), C-reactive protein (CRP),
serum concentration of esRAGE, and the Hamilton Rating
Scale for Depression (HAMD) in patients with type 2 diabetes
and combined depression, we explored the pathogenesis of
concomitant depression in patients with type 2 diabetes.

Subjects and Methods
Patients

One hundred nineteen hospitalized patients with type 2
diabetes were recruited at the Department of Endocrinology,
Fujian Provincial Hospital, Fuzhou, China, from February
2010 to January 2011. There were 71 patients with type 2 di-
abetes and combined depression (26 men and 45 women).
Ages ranged from 32 to 75 years (mean, 57.39+9.80 years).
There were 48 patients with type 2 diabetes and no depression
(30 men and 18 women). Ages ranged from 48 to 75 years
(mean, 63.56+7.60 years). The study was approved by the
Hospital Internal Review Board of Fujian Provincial Hospital,
and written informed consent was obtained from all subjects.
All patients had complete medical records.

Diagnosis of type 2 diabetes was based on criteria pub-
lished by the International Diabetes Federation in 2005 of
fasting plasma glucose >7.0 mmol/L and/or 2-h plasma
glucose level after glucose load >11.1 mmol/L or diagnosed
diabetes with hypoglycemia agents. Diagnostic criteria for
depression followed the Structured Clinical Interview for
DSM-ITI-R* diagnostic criteria for depression and the HAMD.
An HAMD score of >17 indicated type 2 diabetes and com-
bined depression. Information of each patient included in
this study was recorded, including their admission number,
name, gender, age, course of disease, body mass index, ab-
dominal circumference, microvascular complications (dia-
betic peripheral neuropathy, diabetic nephropathy, and
diabetic retinopathy), and treatments.

The HAMD scale used in this study is a main tool to eval-
uate the severity of depressive symptoms and the most
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commonly used tool to access the severity of depressive
symptoms in the world.**** An HAMD score of <7 indicates
no depression, a score of 7-17 indicates possible depression,
and a score of >17 confirms depression.” Investigators
evaluated every patient using a standard questionnaire and
standardized questions. According to the HAMD score of
each patient, we selected 71 patients with type 2 diabetes
whose HAMD score was >17 (the depression group) and
chose 48 patients with type 2 diabetes whose HAMD score
was <7 (the control group).

Auxiliary examination included glycosylated hemoglobin
(HbAlc), triglycerides, total cholesterol, high-density lipo-
protein cholesterol, low-density lipoprotein cholesterol, and
CRP. Traces of albumin in the urine were detected with an
automatic biochemical analyzer. To measure the concentration
of human circulating esRAGE in serum, fasting blood samples
were collected, and specimens were immediately centrifuged
and stored at —80°C. esRAGE concentrations were measured
using an enzyme-linked immunosorbent assay kit (R&D
Systems, Minneapolis, MN). Carotid artery IMT was detected
through high-frequency color Doppler ultrasonography. All
data were presented as mean +SD values and analyzed using
SPSS version 17.0 software (SPSS, Inc., Chicago, IL). All tests
were two-sided. The significance level « was set at 0.05.
P <0.01 indicated a highly significant difference. Normal data
were analyzed using f test, and nonnormal data were ana-
lyzed using a nonparametric test (Mann—Whitney U test).
Association was examined using multiple linear stepwise
regression analysis.

Results
Compatrison of clinical data

The 4 test showed that gender was significantly different
between patients with type 2 diabetes without depression
and patients with type 2 diabetes with combined depression
(P<0.01). The t test indicated statistically significant differ-
ences in age and abdominal circumference between the
two groups (P<0.01). The Mann-Whitney U test showed
that body mass index (BMI) was significantly different be-
tween patients with type 2 diabetes without depression and
patients with type 2 diabetes with combined depression
(P<0.01). The Mann—-Whitney U test showed that duration
of diabetes was not significantly different between patients
with type 2 diabetes without depression and patients with
type 2 diabetes with combined depression (P>0.05). The y*
test indicated that there were no statistically significant dif-
ferences in microvascular complications of diabetes, diabetic
retinopathy, diabetic peripheral neuropathy, or diabetic ne-
phropathy between patients with type 2 diabetes without
depression and patients with type 2 diabetes with combined
depression (P >0.05). The ¥° test also showed that treatments
were not statistically significant (P <0.05) (Tables 1 and 2).

Comparisons of laboratory test results of patients
with type 2 diabetes without depression and patients
with type 2 diabetes with combined depression

The Mann-Whitney U test indicated that esRAGE, CRP,
and HbA1lc levels were significantly different between pa-
tients with type 2 diabetes without depression and patients
with type 2 diabetes with combined depression (P <0.01). The
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TABLE 1. CHARACTERISTICS OF THE STUDY GROUP
Diabetes, Diabetes,
complicating unconsolidated
depression depression
Variable (n=71) (n=48) > P oalue
Gender 7.699 0.006

Male 26 (36.62%) 30 (62.50%)

Female 45 (63.38%) 18 (37.50%)
Microvascular 2.519 0.112
complications
of diabetes

Yes 50 (70.42%) 27 (56.25%)

No 21 (29.58%) 21 (43.75%)

Diabetic 0.002 0.965
retinopathy

Yes 18 (25.35%) 12 (25.00%)

No 53 (74.65%) 36 (75.00%)

Diabetic 0.802 0.371
peripheral
neuropathy

Yes 37 (52.11%) 21 (43.75%)

No 34 (47.89%) 27 (56.25%)

Diabetic 0.475 0.491
nephropathy

Yes 25 (35.21%) 46 (64.79%)

No 14 (29.17%) 34 (70.83%)

Treatment type 4.709 0.03

Oral therapy 33 (46.48%)
Insulin therapy 38 (53.52%)

32 (66.67%)
16 (33.33%)

Data are number of patients (%).

t test indicated statistically significant differences in IMT
between the two groups (P <0.01). The Mann-Whitney U test
showed that triglycerides, high-density lipoprotein choles-
terol, and microalbuminuria were not significantly different
in patients with type 2 diabetes without depression and
patients with type 2 diabetes with combined depression
(P>0.05). The ¢ test indicated that there were no statistically
significant differences in total cholesterol or low-density
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lipoprotein cholesterol between the two groups (P>0.05)
(Tables 1 and 2).

Multiple linear stepwise regression analysis results of dia-
betes patients without depression and diabetes patients with
combined depression were as follows. HAMD score was the
dependent variable, and esRAGE, IMT, CRP, and HbAlc
were independent variables.

HAMD scores were significantly negatively correlated
with esRAGE levels, and the standard regression coefficient
was —0.270 (P<0.01) (Fig. 1).

HAMD scores were significantly positively correlatedwith
IMT, and the standard regression coefficient was 0.183
(P<0.05) (Fig. 2).

HAMD scores were significantly positively correlated with
HbAlc, and the standard regression coefficient was 0.314
(P<0.01) (Fig. 3).

Discussion

Risk factors of concomitant depression in patients
with type 2 diabetes

The prevalence of diabetes has increased steadily in recent
years, and diabetes has become the third most serious disease
following cancer and cardiovascular and cerebrovascular dis-
eases. It has been shown that patients with type 2 diabetes have
significantly higher incidence of depression than the normal
population.>*® Previous studies show that female gender,
young age, low education levels, low family income, high BMI,
and high HbAlc levels are all risk factors of concomitant de-
pression in patients with type 2 diabetes.””*® In the current
study, risk factors of concomitant depression in patients with
type 2 diabetes were analyzed.

Gender

We found that there were significantly more women in the
concomitant depression and type 2 diabetes group than in the
control group. The * test showed that gender was statistically
significant between these two groups. It was found that female
patients with type 2 diabetes are more likely to develop depression

TABLE 2. CHARACTERISTICS AND BIOCHEMICAL PARAMETERS OF THE STUDIED GROUPS

Diabetes, complicating

Diabetes, unconsolidated

Variable depression (n=71) depression (n=48) Z/t P value
Age (years) 57.47+9.84 63.56+7.60 3.61 0.000
Diabetes course (years) 9.20+6.35 9.74+6.70 -0.38 0.704
BMI (kg/m?) 23.63+£3.13 21.16+2.76 -4.323 0.000
Waist circumference (cm) 9.20+6.35 9.74+6.70 5.942 0.000
esRAGE (ug/L) 4.23+5.16 6.37+£5.43 —-3.47 0.001
CRP (mg/L) 23.63£3.13 21.16£2.76 -291 0.004
HbA1lc (%) 9.75+2.69 8.32+1.95 —-2.790 0.005
IMT (mm) 1.21£0.30 1.06£0.20 3.389 0.001
TGs (mmol/L) 1.87+2.22 1.35+£0.73 —-1.554 0.120
CHOL (mmol/L) 497+1.42 4.72+1.17 0.982 0.328
HDL-C (mmol/L) 1.25+0.70 1.20+0.40 -0.368 0.713
LDL-C (mmol/L) 2.94+1.22 2.81+£1.06 0.607 0.545
Urine tracealbumin (mg/L) 287.05+856.20 130.35+£525.58 —1.466 0.143

Data are mean +SD values.

BMI, body mass index; CHOL, total cholesterol; CRP, C-reactive protein; esRAGE, endogenous secretory receptor for advanced glycation
end products; HbAlc, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; IMT, intima-media thickness; LDL-C, low-

density lipoprotein cholesterol; TGs, triglycerides.
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FIG.1. Correlation between Hamilton Rating Scale for Depression (HAMD) score and the endogenous secretory receptor for

advanced glycation end products (esRAGE).

than male patients with type 2 diabetes.*® This may be closely
related to social factors and women’s own psychological and
physiological characteristics. Women’s characteristics show more
sensitivity, and women are prone to anxiety and depression.

Age

We found that patients with type 2 diabetes with de-
pression were younger in age compared with the patients in
the control group. This may be due to the following: (1)
Diabetes requires lifelong treatment. Relatively young dia-
betes patients may think they are still young and have more
fear of prognosis of diabetes and possible death. (2) Rela-
tively young diabetes patients have shorter courses of dia-
betes compared with older diabetes patients. In particular,
those patients who were hospitalized for the first time had
incomplete awareness of diabetes, and they might believe
that diabetes is a disease that can cause a high morbidity and
disability whether the disease is controlled well or not.
Therefore, they may have pessimism and depression. It can
be seen that younger age may be a potential risk factor of
concomitant depression in patients with type 2 diabetes,
which is consistent with previous reports.”® BMI and ab-
dominal circumference are predictors of obesity and ab-
dominal obesity. We found that the BMI of patients with
concomitant depression and type 2 diabetes was signifi-

cantly higher than that of controls, indicating that obesity is
an important risk factor for depression.

Blood glucose control

The key issue of diabetes treatment is blood glucose con-
trol. A high HbAlc level indicates that blood sugar control is
not satisfactory.’® Poor glycemic control can result in com-
plications, seriously affecting quality of life of patients, and
may cause great psychological and economic burden to pa-
tients.> Our results indicated that the HbAlc level was sig-
nificantly higher in patients with type 2 diabetes with
concomitant depression compared with that of controls. This
suggests that poor blood glucose control is another risk factor
for concomitant depression in patients with type 2 diabetes.

Complications

Complications may cause inferiority, feeling worthless,
feeling despair, and reduced self-care ability or defective self-
care ability of patients. This may result in different levels of
depressive symptoms. In this study it was found that diabetes
complications were significantly associated with depressive
symptoms in patients with type 2 diabetes and that depres-
sive symptoms were significantly associated with the number
and severity of complications.>”*' We also found a higher
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FIG. 2. Correlation between Hamilton Rating Scale for Depression (HAMD) score and glycosylated hemoglobin (HbAlc).
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FIG. 3. Correlation between Hamilton Rating Scale for Depression (HAMD) score and intima-media thickness (IMT).

incidence of complications in patients with concomitant de-
pression compared with that of controls. However, the dif-
ference was not statistically significant. We did not observe
significant differences in diabetic retinopathy, diabetic pe-
ripheral neuropathy, or diabetic nephropathy between the
two groups. This may be due to the small number of cases in
this study, which caused an insignificant difference in results.

Treatments

We also observed that the percentage of patients with type 2
diabetes using insulin therapy with concomitant depression was
higher than that of controls, indicating that treatment is also a
risk factor for depression. Chinese patients have a strong fear of
insulin treatment and believe that they have serious diabetes
when receiving insulin treatment, which may lead to pessimism
and depression. In addition, regular insulin therapy requires
frequent monitoring of peripheral blood glucose, which in-
creases the economic burden of patients, and inevitably influ-
ences quality of learning, living, and work. This will further
increase the spiritual burden of patients, and patients may have
strong resistance to the therapy and depression.

We also compared duration of diabetes between two
groups, but the difference was not statistically significant. Be-
cause patients in this study were all hospitalized patients with
type 2 diabetes, most patients had a long disease history, which
may result in no significant difference in duration between the
two groups. The lack of significant difference may be also due
to the small number of cases in the current study, which war-
rants an epidemiological study with a large sample size.

Correlation between concomitant depression
in patients with type 2 diabetes and inflammation
or atherosclerosis

The increased CRP level is a predictor of depression in pa-
tients with type 2 diabetes. Literature shows that clinical de-
pression and depressive symptoms are positively correlated
with CRP levels after controlling for age, gender, BMI, high-
density lipoprotein cholesterol concentrations, and other tra-
ditional risk factors of depression.'"**?* Our results show that
patients with combined depression had significantly higher
CRP levels than controls. This result is consistent with recent
reports. Maes> found that depression is an inflammatory dis-
ease and that inflammation and cellular immune activation are

key factors for depression. It was also found that patients with
depressive symptoms have haplotype variation in the CRP
gene through genetic polymorphism studies, indicating that
elevated levels of inflammatory markers play an important
role in the pathogenesis of depression.*

Atherosclerosis and depression are risk factors of each
other.'® Depressive symptoms and depression-related dis-
eases have been widely regarded as independent risk factors
of cardiovascular abnormalities.***” Recent studies show that
patients with depression or anxiety disorder have a higher
prevalence of subclinical atherosclerosis compared with that
of healthy controls, which increases the risk of cardiovascular
disease in patients with depression and anxiety.'"* AGEs can
interact with cell surface receptors to promote cell dysfunc-
tion, leading to diabetes, chronic inflammation, cancer, and
other diseases.'®?°22 In addition, AGEs development is also
closely related to inflammation. Catalase and superoxide
dismutase can produce reactive oxygen species during in-
flammation. Activation of oxidative stress can promote more
AGEs production, further inducing inflammation.

There is a positive feedback loop that AGEs and inflam-
mation connect through oxidative stress, which can promote
atherosclerosis development.”® The sSRAGE can interact with
AGEs and block phosphorylation of AGEs-induced extracel-
lular signal-regulating kinase, which can further inhibit ath-
erosclerosis. Ultrasound measurements of carotid IMT can be
used as an alternative indicator of subclinical atherosclero-
sis.’” Katakami et al.*” did a 4-year follow-up study to observe
carotid artery plaque progression in patients with type 1 di-
abetes. It was found that the esRAGE level is an independent
risk factor of carotid artery plaque progression in type 1 dia-
betes patients. The average serum esRAGE change was neg-
atively correlated with mean carotid artery thickness and the
annual change in carotid artery IMT. These results indicate
that a decrease of serum esRAGE level is a protective factor
of atherosclerosis. We also found that patients with type 2
diabetes with depression had significantly lower serum es-
RAGE than controls and that carotid artery IMT was thicker
than that of controls. HAMD depression scores were nega-
tively correlated with serum esRAGE but were positively
correlated with IMT. These results indicate that the patients
with more severe depressive symptoms had lower serum
esRAGE and more severe carotid atherosclerosis, which
demonstrates that depression plays an important role in
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pathogenesis of atherosclerosis and that esRAGE, as a pro-
tective factor of atherosclerosis, is a protective factor for de-
pression in patients with type 2 diabetes.

Concomitant depression in patients with type 2 diabetes is
significantly correlated with inflammation and atherosclerosis.
Development of concomitant depression in patients with type 2
diabetes may be due to AGE-RAGE system-mediated inflam-
mation, immune response, endothelial function disorder, and
activation of oxidative stress. esSRAGE may inhibit the above-
mentioned series of reactions of the AGE-RAGE system to
inhibit development of concomitant depression in type 2 dia-
betes. Recently, Emanuele et al#! investigated the relationship
between mental diseases and serum sRAGE in a cross-sectional
study involving 74 patients and found that lower serum
sRAGE was directly correlated with mental illness (including
schizophrenia, anxiety, and severe depression). Our results are
consistent with findings of that study. These results indicate
that esRAGE measurement can predict incidence of arterio-
sclerosis in patients with depression.

Limitations

The sample size was small because of the short study dura-
tion. All patients were hospitalized patients at the Department
of Endocrinology, Fujian Provincial Hospital. Subramaniam
et al.*? found that depressive symptoms were significantly
associated with the total number of hospitalizations and the
days of hospitalization among individuals with diabetes and
depression. Nonetheless, our findings may not apply in the
larger population of people with type 2 diabetes who are not
hospitalized. Multicenter, larger-scale studies are lacking. We
only studied patients with type 2 diabetes mellitus and
combined depression and patients with type 2 diabetes mel-
litus and no depression. Patients with type 1 diabetes mellitus
and possible combined depression were not included for
comparisons in the current study. Finally, given the cross-
sectional nature of this study, no inference regarding direct
causality between type 2 diabetes mellitus with combined
depression and esRAGE can be made.

Conclusions

We found that female gender, younger age, obesity, poor
glycemic control, complications, and insulin therapy are all
risk factors for depression in patients with type 2 diabetes.
Inflammation and atherosclerosis play an important role in
the pathogenesis of depression. esRAGE is a protective factor
of depression among patients who have type 2 diabetes.
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