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Correlation of lower 2 h C-peptide and
elevated evening cortisol with high levels
of depression in type 2 diabetes mellitus
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Abstract

Background: A number of studies have explored the association between depression and ghrelin, leptin, and
cortisol; further, postprandial C-peptide levels have a therapeutic effect on type 2 diabetes mellitus (T2DM).
However, the relationship between C-peptide and depression in patients with diabetes, remains unclear. The aim of
this study was to explore the association between depression and ghrelin, leptin, cortisol, and C-peptide in patients
with diabetes.

Methods: We enrolled 50 adults without T2DM, 77 non-depressed adults with T2DM (free of Axis-I psychiatric
disorders as assessed using the Mental Illness Needs Index (MINI), Patient Health Questionnaire (PHQ-9 score ≤ 4))
and 59 patients with T2DM and depression (PHQ-9 ≥ 7 and positive by the Structured Clinical Interview for DSM-5).
The age range of the participants was 45–59 years of age. We compared the above three groups and explored the
association between ghrelin, leptin, cortisol, C-peptide, and depression in patients with diabetes. A post-hoc power-
analysis was finished.

Results: Compared with the non-depression T2DM group, the depression T2DM group had significantly higher
blood glucose fluctuations. Further, compared with the non-depression T2DM and non-diabetic groups, the
depression T2DM group had significantly lower levels of post-meal 2-h C-peptide and elevated evening cortisol
(p < 0.01). Regression analysis revealed a significant negative correlation between depression severity and 2-h
postprandial C-peptide in patients with diabetes (p < 0.01) and a significant positive correlation with midnight
cortisol levels (p < 0.01). A post hoc power analysis showed that we had an adequate sample size and met the
minimum requirement to attain 80% power. A post hoc power calculation also demonstrated that this study
basically achieved power of 80% at 5% alpha level.

Conclusions: Our findings indicate a correlation of low fasting levels of 2-h C-peptide as well as higher midnight
cortisol levels with higher depression severity in middle-aged patients with T2DM.
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Background
Depression and diabetes are individually very disabling
disorders; they are currently ranked the 11th and 14th
leading causes of disability-adjusted life years in the glo-
bal burden of disease study, respectively [1]. Recent
studies show that the most commonly occurring comor-
bidities are depression and diabetes [2]. As of 2010, over
100 million adults in China were diagnosed with dia-
betes mellitus; approximately 10% of adults over 18 years
of age had diabetes [3]. Many studies have demonstrated
an increased prevalence of depressive symptoms and
major depressive disorder in patients with diabetes [4].
Previous studies have also explored factors that affect
depression in patients with diabetes mellitus and showed
that poor control of diabetes is one of the important fac-
tors precipitating depression [5–10]. However, the
physiological reasons for controlling blood sugar are not
well understood.
C-peptide (CP) is used to evaluate islet function in pa-

tients with type 2 diabetes mellitus (T2DM) and to meas-
ure the extent of endogenous insulin deficiency [11]. The
increase in postprandial 2 h C-peptide (2hCP) is propor-
tional to the degree of improvement seen in patients after
intensive treatment [12]. Previous studies demonstrate
that patients with insulin-treated T2DM, but low post-
prandial C-peptide levels, have markedly increased glucose
variability and incidence of hypoglycemia and hypergly-
cemia compared with those who retained C-peptide [13].
Measured by continuous glucose monitoring or self-
report, hypoglycemia or severe hyperglycemias are able to
induce negative emotional states in patients with diabetes
[14]. Based on prior studies, the hypotheses of this study
are that postprandial C-peptide levels are lower, blood
glucose fluctuations are greater, and levels of depression-
related symptoms are higher in diabetic patients.
Ghrelin is a peptide secreted in the stomach that pro-

motes eating, whereas leptin is secreted by fat cells and
acts as an appetite inhibitor. These two peptides regulate
food intake, control body weight, and regulate energy
balance by acting on the hypothalamus [15, 16]. Ghrelin
levels in the blood dynamically change and are increased
during starvation and decreased after meals [17]. In
addition to regulating feeding, ghrelin and leptin play a
role in mood regulation since ghrelin and leptin recep-
tors are found in many brain regions, including the
hippocampus and amygdala [18–22]. Moreover, Poretti
et al. reported that ghrelin regulates depression-related
behavior by affecting gene expression [23]. There has
been a recent increase in studies on the relationship be-
tween ghrelin, leptin, and depression; however, they have
not reported consistent findings [24–32]. Changes in
cortisol levels occur depending on physical and psycho-
logical stress levels, as well as circadian rhythms, which
reflects the activity pattern in the hypothalamic-

pituitary-axis [33]. This was previously thought to posi-
tively correlate with depression levels [34]. Thus, the hy-
pothesis of this study is that dysregulation (either high
or low levels) of ghrelin and leptin are associated with
the level of depression symptoms in individuals with dia-
betics, while cortisol is positively correlated with depres-
sion symptoms.
To further explore changes in the above variables in

patients with comorbid depression and diabetes, the
study also included assessments in non-diabetic individ-
uals. After matching for sex and age, differences between
depressive patients with diabetes, non-depressive pa-
tients with diabetes, and non-diabetic individuals were
measured and analyzed.

Methods
Participants
A cohort of 186 adults (45–59 years old) including 136
with diabetes (88 men and 48 women) and 50 without
diabetes (31 men and 19 women) participated in the
study. Individuals without diabetes were community res-
idents recruited through advertisements. The process for
selecting individuals without diabetes for this study is
shown in Fig. 1.
All study participants underwent structured psychi-

atric interviews (MINI) [35] performed by an experi-
enced psychiatrist. The MINI was designed to meet the
need of a short but accurate and structured psychiatric
interview for multicenter clinical trials and epidemio-
logical studies. All non-diabetic and non-depressed indi-
viduals were free of Axis-I psychiatric disorders
(depression, anxiety disorder, schizophrenia, and sub-
stance dependence), as assessed by the MINI. Depres-
sion was further assessed using the Patient Health
Questionnaire-9 (PHQ-9) [36, 37] and the Centre for
Epidemiologic Studies Depression scale (CES-D) [38].
Only individuals scoring four or less on the PHQ-9 were
included in either the non-diabetic group or the non-
depressed group.
Individuals with diabetes were selected from inpatients

with insulin-treated T2DM, and met the following cri-
teria: (a) had a fasting blood glucose level of > 7 mmol/l,
on two separate occasions, (b) had a 2-h blood glucose
level of > 11.10 mmol/l, during an oral glucose tolerance
test (75 g) on two separate occasions, and (c) a prior
diagnosis of T2DM. First, diabetic patients were ex-
cluded who had large blood glucose level fluctuations
and recurrent hypoglycemia or hyperglycemia. Other ex-
clusionary criteria were as follows: those with a history
of hormone administration (e.g., thyroid hormones, sex
hormones, and cortisol) in the last 3 months; low visual
acuity or serious hearing problems; inability to speak
Mandarin; acute medical conditions (e.g., recent myocar-
dial infarction and heart failure); and a history of
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significant neurological or psychiatric disorders (e.g.,
AD, stroke, schizophrenia). Hospitalized individuals with
diabetes who met the above criteria voluntarily partici-
pated in this study at the Jinhua Central Hospital be-
tween January 2016 and January 2018. This study was
approved by the ethics committee of the Central Hos-
pital of Jinhua and the academic committee of Zhejiang
Normal University. Written informed consent was ob-
tained from each individual before the study.

Measures
Depression test
All participants, including non-diabetic individuals and
patients with T2DM, took depression evaluation tests. A
total of 223 patients with T2DM were tested, and 29 pa-
tients with missing critical data were excluded. The level
of depression was measured using the PHQ-9 [39, 40]

and the CES-D [38]. PHQ-9 depression severity is calcu-
lated by assigning scores of 0, 1, 2, and 3, to the re-
sponse categories of “not at all,” “several days,” “more
than half the days,” and “nearly every day”, respectively.
The total score for the nine items ranges from 0 to 27.
Zhang et al. reported the validity of PHQ-9 for depres-
sion screening in Chinese patients with T2DM, with a
lower cutoff point (≥7) for depressive symptoms [39, 40].
The CES-D scale is a 20-item self-reported instrument
developed by Radloff in 1977 [38]. It measures the fre-
quency of common depression-related symptoms over
the most recent week. Each item is scored from 0 (rarely
or none of the time, less than 1 day) to 3 (all the time,
5–7 days). The four positively stated items are reverse-
coded for calculating the total score, which ranges from
0 to 60. Therefore, only those scoring higher (≥7) on the
PHQ-9 were included as positive individuals; positive

Fig. 1 Flow diagram showing the selection of the non-diabetic study individuals
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screens were followed-up by the Structured Clinical
Interview for DSM-5 [41]. According to the above stan-
dards, 69 of the patients were included in the depression
with diabetes group. To prevent drug treatment as a
confound impacting hormone levels, ten patients who
were actively on antidepressants were excluded. Ultim-
ately, 59 of the patients were included in the depression
with diabetes group. Only individuals scoring low on the
PHQ-9 (≦4) were included in the non-depression group.
According to the above standards, 77 patients were in-
cluded in the non-depression diabetes group, and 50
adults were included as non-diabetic participants. This
study used the Chinese version of the PHQ-9 as a
screening tool for depression and the CES-D scale to
check the criterion-related validity.

Evaluation of physiological indices
After patients with diabetes had completed the formal-
ities of hospitalization on the next day and following a
10-h overnight fast (i.e., the participants fasted from 10:
00 pm), blood samples were obtained at 8:00 am, 10:00
am, 4:00 pm, and midnight; further, 24-h urine samples
were obtained. Participants ate a uniform breakfast, spe-
cially designed for diabetics by the hospital nutrition de-
partment, immediately after blood samples were taken at
8:00 am. Plasma samples were stored at − 80 °C for sub-
sequent analysis. Leptin and total ghrelin plasma levels
were analyzed using radioimmunoassay kits (Anhui
Anke Biotechnology Ltd., by Share Ltd.; Phoenix Phar-
maceuticals, Inc., USA California). Cortisol levels were
determined through chemiluminescence using commer-
cially available LN CLIA Microparticles kits (Autobio
Diagnostics Co. Ltd., Zhengzhou, China). Each partici-
pant’s height and weight were measured and used to cal-
culate the body mass index (BMI). The kits used for
ghrelin and leptin analyses were similar to those used in
our previous studies [42].
Serum C-peptide levels were analyzed using an Abbott

Axsym chemiluminescence immune analyzer (Abbott
Laboratories, Abbot Park, IL, USA). Hemoglobin A1c
(HbA1c) levels were measured by high-performance li-
quid chromatography. Diabetic patients wore a dynamic
glucose monitoring system for 72 h (DGMS, purchased
from San MediTech medical technology co., Ltd. China,
Huzhou). Recorded and analyzed were the average day-
time blood glucose (MBG), average daytime blood glu-
cose fluctuations (MAGE), standard deviation of blood
glucose (SDBG), and maximum blood glucose fluctu-
ation (LAGE).

Analyses
Normal data are expressed as the mean ± standard devi-
ation, and non-normal data are expressed as median and
interquartile range. For subsequent analysis of variance

(ANOVA) and regression analysis, the variables of con-
tinuous data were tested by normal distribution using
the Kolmogorov-Smirnov Test. The results show that
education level, duration of diabetes, and fasting leptin
levels do not satisfy a normal distribution; they were
therefore log-transformed. The Kolmogorov-Smirnov
Test performed again after the conversion indicates that
the three transformed variables conform to a normal dis-
tribution. Continuous data among the three groups were
compared using a one-dimensional analysis of variance
(ANOVA). Subsequently, Bonferroni post hoc tests were
used to compare the average difference. Regarding two
columns of continuous data, the independent or paired-
sample t test was used depending on the method for
data fitting. The Chi-square test was used for counting
data. Cortisol data obtained at three time points were
analyzed using a mixed-design variance analysis with the
three time points as the within-participant variable, the
3 groups (groups: non-diabetic individuals, depression
individuals with diabetes, and non-depression individuals
with diabetes) as the between-participant variable, and
BMI as the covariate.
A post-hoc power analysis using G*Power 3.1.9 was

used to calculate the overall statistical power of the
present study [43, 44]. A post hoc power calculation was
also conducted to estimate the minimum sample size re-
quired to achieve a power of 80% at 5% alpha level.

Regression models
In the multiple stepwise regression model, the depressive
scores were used as the dependent variables. The follow-
ing independent variables were used: age; gender; BMI;
years of education; duration of diabetes; history of
hypertension; FBG; HbA1c; fasting ghrelin and leptin
levels; plasma cortisol levels at 8:00 am, 4:00 pm, and 12:
00 pm; 24-h urinary cortisol levels; FCP; and 2hCP.
Based on the importance of each independent variable,
each step selects a variable for entry into the regression
equation. This is followed by alternatingly adding and
removing independent variables until no new significant
variables can be introduced and no non-significant inde-
pendent variables can be removed. Finally, the independ-
ent variables that remain in the regression equation are
considered to be significantly related to the dependent
variables.

Results
Comparison between non-diabetic, diabetic depression
and diabetic non-depression groups
A minimum sample size of 84 and 102 participants was
required to attain 80% power at 5% alpha level for cor-
relation tests (two tailed) and Independent sample t
tests, respectively; therefore, our sample size of 136 pa-
tients with T2DM was adequate. As a minimum sample
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size of 159 and 108 participants was required to attain
80% power at 5% alpha level for one dimensional ana-
lysis of variance and chi-square tests, respectively, our
sample size of 186 persons overall was also adequate.
Both correlation tests achieved a power of 1 (the correl-
ation values were 0.382 and 0.441, 136 patients with
T2DM as samples). The post-hoc power analysis was
conducted for 24 tests from Table 1. The results demon-
strated that the powers of 11 tests were between 0.80
and 0.93, the power of eight tests were between 0.70 and
0.79, the powers of five tests were between 0.35 and
0.68, and average power was 0.78. The overall statistical
power of this study (based on the post-hoc power

analysis) was acceptable (78%). The post hoc power ana-
lysis showed that our tests meet the requirements of
power = 0.8.
The PHQ-9 and CES-D showed high internal

consistency with a Cronbach’s alpha of 0.83 and 0.89, re-
spectively. Because of the high internal consistency of
both surveys, all items could be combined to calculate
the total scores, thus representing the overall level of de-
pression. The Pearson’s correlation coefficients of PHQ-
9 and CES-D scores were 0.816; that between 2hCP and
PHQ-9 scores was − 0.382, while that between 2hCP and
CES-D scores was − 0.441. The scatter plots showing the
correlations between PHQ-9 and CES-D scores and

Table 1 Comparison between the two diabetic (depression and non-depression) and non-diabetic groups

Non-diabetic
subjects

Diabetic subjects

Depressive Non-depressive

PHQ-9≦4 PHQ-9≧7 PHQ-9≦4

n = 50 n = 59 n = 77 p

Age(years) 52.23 ± 8.50 53.12 ± 6.80 51.45 ± 7.66 0.215

Years of education, median (IQR) 8(6, 16) 8(8, 10) 8(6, 11.5) 0.250

Female/male 19/31 18/41 30/47 0.562

BMI(kg/m2) 24.16 ± 4.74 25.69 ± 4.38 24.25 ± 4.99 0.113

Duration of diabetes(years) 2(0.9, 7.8) 2(0.8, 6.9) 0.392

History of hypertension (yes/no) 8/42 20/39 22/55 0.100

FBG(mmol/l) 5.25 ± 0.28a 10.33 ± 3.49 9.56 ± 2.52b 0.000

PBG(mmol/l) 6.41 ± 1.85a 12.48 ± 4.98 11.91 ± 4.08b 0.000

HbA1c(%) 5.35 ± 0.48a 9.86 ± 2.89 9.52 ± 2.23b 0.000

FCP(nmol/l) 0.47 ± 0.18a 0.61 ± 0.49 0.53 ± 0.19 0.018

2hCP(nmol/l) 1.51 ± 0.66a 1.03 ± 0.47c 1.46 ± 0.64 0.001

MBG(mmol/l) 7.89 ± 1.59 7.64 ± 1.35 0.708

MAGE(mmol/l) 5.95 ± 1.87c 4.41 ± 1.63 0.000

SDBG(mmol/l) 2.76 ± 1.79c 1.90 ± 1.43 0.000

LAGE(mmol/l) 10.66 ± 3.41c 8.12 ± 3.49 0.000

24-h urine cortisol (μg/dl) 226.98 ± 299.45 320.41 ± 311.74 230.49 ± 337.57 0.079

8:00 am Plasma cortisol (μg/dl) 15.59 ± 4.64 16.90 ± 8.85 15.93 ± 6.66 0.570

4:00 pm Plasma cortisol (μg/dl) 8.96 ± 4.45 11.14 ± 9.73 8.68 ± 4.23 0.101

12:00 pm Plasma cortisol (μg/dl) 3.41 ± 3.39a 7.88 ± 5.67c 5.61 ± 4.57b 0.000

Fasting ghrelin(ng/ml) 11.84 ± 1.57a 9.67 ± 1.93c 11.47 ± 1.62 0.001

Fasting leptin(ng/ml) 10.23(9.71, 14.92) 11.79(7.46, 15.20) 10.70(6.08, 14.03) 0.467

Ghrelin changes(ng/ml) −0.94 ± 1.09a −0.40 ± 0.97 −0.61 ± 0.80 0.022

PHQ-9 1.92 ± 0.95a 8.94 ± 2.35c 2.05 ± 1.07 0.000

CES-D 4.31 ± 3.52a 12.33 ± 6.23c 6.01 ± 3.48 0.000

PHQ-9 Patient Health Questionnaire-9, BMI Body mass index, FBG Plasma glucose before the meal, HbA1c Glycated hemoglobin, PBG Postprandial blood glucose,
FCP Fasting C-peptide, 2hCP 2 h postprandial C-peptide MBG, the day time mean values blood glucose, MAGE Mean amplitude of glucose excursions, SDBG
Standard deviation blood glucose, LAGE Large amplitude of glycemic excursions, ghrelin changes the changes before and after meals, CES-D Center for
Epidemiologic Studies Depression Scale, IQR Interquartile range
p-value: One dimensional analysis of variance (ANOVA) significance level when comparing three groups above; chi-square (x2) significance level for categorical
variables. Independent sample t test significant level for two independent samples
aThere was a significant difference between the non-diabetic and the depressive subjects with diabetes
bThere was a significant difference between the non-diabetic and non-depressive subjects with diabetes
cThere was a significant difference between the non-depressive and depressive subjects with diabetes
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2hCP in patients with T2DM are shown in Fig. 2. PHQ-
9 and CES-D scores in depressive individuals with
T2DM were significantly higher than in those in either
the non-depression T2DM group or the non-diabetic
group (p < 0.001, Table 1).
As seen in Table 1, ghrelin baseline levels were signifi-

cantly lower in the depression with T2DM group
(9.67 ± 1.93 ng/ml) compared with either the non-
depression T2DM (11.47 ± 1.62 ng/ml) or non-diabetic
(11.84 ± 1.57 ng/ml) groups. FCP was significantly higher
in the depression and T2DM group (0.61 ± 0.49 nmol/l)
compared with the non-diabetic (0.47 ± 0.18 nmol/l)
group. 2hCP was significantly lower in the depression
T2DM group (1.03 ± 0.47 nmol/l) compared with either
the non-depression T2DM (1.46 ± 0.64 nmol/l) and non-
diabetic (1.51 ± 0.66 nmol/l) groups. However, there
were similar levels of FCP, 2hCP, and fasting ghrelin be-
tween adults without diabetes and the non-depression
T2DM group. There was a significant difference in
ghrelin change after meals between the non-diabetic
(0.94 ± 1.09 ng/ml) and depression with T2DM (− 0.40 ±
0.97 ng/ml) groups.
As seen in Table 1, significantly larger fluctuations in

blood glucose levels occurred in the depression T2DM
group compared to those in the non-depression T2DM
group. The depression T2DM group as compared with
the non-depression T2DM group demonstrated higher
MAGE, SDBG, and LAGE at 72 h. No significant
between-group differences in plasma levels of fasting
leptin were observed. As shown in Table 1, the depres-
sion T2DM group had the highest level of 24 h urinary
cortisol and plasma cortisol levels during the three sam-
pling times, compared to the other two groups, with the

lowest fasting ghrelin levels (9.67 ± 1.93 ng/ml), the
smallest decrease observed after meals in ghrelin levels
(− 0.40 ± 0.97 ng/ml), the lowest 2hCP (1.03 ± 0.47 nmol/
l), the highest FCP (0.61 ± 0.49 nmol/l), and the highest
FBG (10.33 ± 3.49 mmol/l), being particularly higher with
PHQ-9 and CES-D scores.

Analysis of cortisol data from three sampling times in the
three groups
We had an adequate sample size of 186 persons as a
minimum sample size of 135 participants was required
to attain 80% power for a repeated-measure ANOVA,
which included one within-subjects variable (three sam-
pling time) and one between-group variable (three
groups). The post hoc power analysis showed that our
tests were overpowered; all three tests achieved greater
than 80% power (between factors test, the effect size was
0.20, achieving a power of 0.85 based on 186 participants
at 5% alpha level; within factors test, the effect size was
0.11, achieving a power of 0.92 based on 186 participants
at 5% alpha level; within-between interaction test, the ef-
fect size was 0.15, achieving a power of 0.99 based on
186 participants at 5% alpha level).
As seen in Table 1, plasma cortisol levels at 12:00 pm

were significant higher in the depression T2DM group
compared with the non-depression T2DM and non-
diabetic groups; and was significantly higher in the non-
depression T2DM group compared with the non-
diabetic group. A significant main group effect was ob-
served in plasma cortisol concentrations (F(2,177) =
14.93, p < 0.001). The physiological cortical rhythm
curve of the depression T2DM individuals fluctuated
higher than that of the non-diabetic and non-depression

Fig. 2 Scatter diagram and correlation coefficient of association of PHQ-9 and CES-D scores with 2hCP
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T2DM individuals (Fig. 3). There was similar cortisol
physiological rhythm curve between the non-depression
T2DM and non-diabetic groups; the only difference was
in the plasma cortisol levels at 12:00 pm. An interaction
between sampling time and group was found (F(4,354) =
6.24, p < 0.01); the cortisol levels in all individuals dif-
fered significantly over the three sampling times (all p <
0.01). The plasma cortisol values were not significantly
different between the three groups at 8:00 am and 4:00
pm but were significantly different across all three
groups at 12:00 pm.

Multiple stepwise regression as a final model for the
prediction of depressive scores
We had an adequate sample size of 136 individuals with
T2DM as a minimum sample size of 69 participants was
required to attain 80% power for the multiple stepwise
regression (R2 increase). The post hoc power analysis
showed that our tests were overpowered; both multiple
stepwise regression analyses achieved a power of 1 (pre-
dictors of PHQ-9 scores, R2 increase = 0.41, the total

effect size was 0.69; predictors of CES-D scores, R2 in-
crease = 0.45, the effect size was 0.82).
The final multiple stepwise regression model (Table 2)

included plasma cortisol (12:00 pm) levels, fasting
ghrelin levels, and 2hCP as predictors of PHQ-9 scores.
Total variance (R2 = 0.41) was explained by the following
three independent variables: plasma cortisol (12:00 pm),
R2 = 0.21; fasting ghrelin, R2 change = 0.11; and 2hCP, R2

change = 0.09. The final multiple stepwise regression
model included 2hCP, gender, and plasma cortisol (12:
00 pm) level for the prediction of CES-D scores, total
variance (R2 = 0.45) was also explained by the following
three independent variables: 2hCP, R2 = 0.19; gender, R2

change = 0.15; and plasma cortisol (12:00 pm), R2

change = 0.10. As shown in Table 2, a higher level of de-
pression was associated with higher nocturnal zero
plasma cortisol concentration (p < 0.01), lower levels of
2hCP (p < 0.01), lower fasting ghrelin level (p < 0.01),
and female sex (p < 0.01). Age, BMI, education level,
duration of diabetes, history of hypertension, FBG,
HbA1c, fasting leptin, plasma cortisol at 8:00 am, plasma

Fig. 3 The cortisol circadian rhythm of the three groups (non-depressive, depressive diabetic, and non-diabetic)

Table 2 Multiple stepwise regression models for all patients with T2DM

Dependent variable: PHQ-9 total scores Dependent variable: CES-D total scores

Independent variables B Beta t R Square B Beta t R Square

(Std. Error) Change (Std. Error) Change

Plasma cortisol (12:00 pm) 0.19(0.07) 0.38 2.71** 0.21 0.62(0.20) 0.43 3.19** 0.10

Fasting ghrelin −1.54(0.51) −0.31 −2.99** 0.11

2hCP −2.55(0.93) −0.30 −2.74** 0.09 −4.79(1.43) −0.50 −3.35** 0.19

Gender 4.78(1.63) 0.45 2.93** 0.15

T2DM Type 2 diabetes mellitus, PHQ-9 Patient Health Questionnaire-9, CES-D Center for Epidemiological Studies Depression scale, Std Error Standard error, 2hCP 2
h postprandial C-peptide
**There was a significant correlation (p < 0.01). Gender (1-male, 2-female)
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cortisol at 4:00 pm, 24 h urinary cortisol, and FCP were
not significantly correlated with depression.

Discussion
A post hoc power analysis showed that we had an ad-
equate sample size and met the minimum requirement
to attain 80% power. A post hoc power calculation also
demonstrated that this study basically achieved power of
80% at 5% alpha level.
This study assessed depression symptoms and bio-

chemical indicators(levels of ghrelin, leptin, cortisol, and
C-peptide levels) in type 2 diabetes mellitus (T2DM).
The level of 2 h of C-peptide (2hCP) was negatively cor-
related with depression level, and elevated evening corti-
sol was associated with higher levels of depression. Our
results also confirmed prior research that shows a posi-
tive correlation between cortisol levels and depression
[34]. Leptin levels were not associated with depression.
Altogether, these findings lead to a more complete pic-
ture of biomarkers associated with depression in T2DM.
We believe that our study makes a significant contribu-
tion to the literature because no previous studies have
explored the association between C-peptide levels and
depression in diabetics.
Fasting levels of ghrelin in the depression T2DM

group were significantly lower than that for the non-
depression T2DM and non-diabetic groups (Table 1),
while lower fasting ghrelin level were associated with
higher levels of depression (Table 2). This illustrates a
possible long-term effect of ghrelin on HPA axis func-
tion and ultimately depressive symptomology [21, 45].
This supports previous studies showing that ghrelin
levels are decreased in patients with depression [24].
However, other studies are not consistent. Compared to
healthy individuals, ghrelin levels in patients with major
depressive disorder (MDD) were found to be higher in
one study [25], and comparable in the other [26]. Com-
pared with the non-diabetic group (− 0.94 ± 1.09 ng/ml),
the decrease of ghrelin level at 2 h postprandial in de-
pression T2DM group (− 0.40 ± 0.97 ng/ml) became sig-
nificantly lower. Similarly, Paslakis et al. found that
ghrelin levels displayed a significantly blunted response
to a standard glucose load in patients with MDD when
compared to healthy controls [46]. Many previous stud-
ies have regarded ghrelin as a marker of physical and
mental balance [18, 47]. In this sense, depressed dia-
betics exhibit greater mental and physical imbalance.
Therefore, the lower fasting ghrelin levels seen in de-
pression T2DM patients may be a double manifestation
of poor islet function and depression. A previous study,
which discussed animal and human studies, showed that
ghrelin regulates the HPA axis and affects anxiety and
mood disorders, such as depression and fear-related be-
haviors. They concluded that ghrelin has a potential role

in providing a stress feedback signal that regulates these
associated behaviors [18].
Previous studies have shown that FBG [48] and HbA1c

were significantly higher in depression T2DM patients
than in non-depression T2DM patients [49]; however,
our study showed no significant difference in FBG and
HbA1c between the two groups. As shown in Table 1,
depression T2DM patients had lower 2hCP than non-
depression T2DM patients. Use of a glucose monitoring
system for 72 h afforded continuous dynamic monitoring
of the patients and revealed higher MAGE, SDBG, and
LAGE, which showed larger fluctuations in blood glu-
cose levels, correlating with higher levels of depression.
The unique finding in our study was that depression
T2DM patients had lower postprandial C-peptide, but
there was no significant difference in non-depression
T2DM patients and non-diabetic individuals. A recent
study demonstrated that random non-fasting C-peptide
levels can be used to indicate hypoglycemia risk in
insulin-treated T2DM individuals. Their results demon-
strate that patients with insulin-treated T2DM with low
postprandial C-peptide levels have markedly increased
incidence of hypoglycemia in comparison to those with
retained C-peptide levels [13]. The observation from that
study is in full agreement with the conclusion from our
study. These findings indicate that the postprandial C-
peptide levels were low, which makes hypoglycemia risk
and promotes blood sugar fluctuations. According to the
relevant endocrine theory, the increase in FCP and de-
crease in 2hCP reflect impaired islets function. Since the
C-peptide was not affected by exogenous insulin, the C-
peptide can thus reflect islet function to some extent
[12]. Previous studies have shown that islet function is
closely related to glycemic control in patients with
T2DM, indicating that lower beta cell function is associ-
ated with greater postprandial glycemic excursions in
patients with T2DM [50].
It may be that the larger fluctuations in blood glucose

levels resulted in increased panic and hence increased
levels of depression in patients with diabetes. Clinically,
the treatment of diabetes depends on the islet function
of the patient. If the islet function is adequate, the pa-
tient produces less endogenous insulin when using more
hypoglycemic drugs, injecting exogenous insulin, or eat-
ing less food. Conversely, more insulin is produced when
a patient takes less hypoglycemic drugs, injects less insu-
lin, or eats more food, resulting in more stable blood
sugar levels. With significant islet function loss, there is
a corresponding impairment in the ability to regulate, in
combination with external treatment, and thus blood
sugar fluctuations become greater, increasing the likeli-
hood of panic in patients with diabetes. The change of
C-peptide levels in depression T2DM patients is consist-
ent with the larger fluctuations in blood glucose.
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In our study, multiple stepwise regression analysis did
not reveal a significant association between leptin and
depression. Further, there was no significant difference
in leptin levels between the depressive and non-
depressive individuals with T2DM. This could be be-
cause leptin is secreted by adipocytes and is associated
with BMI, which showed no significant between-group
difference. There are inconsistent previous findings re-
garding the relationship between depression and leptin
with studies reporting higher, lower, and similar leptin
levels in individuals with depression compared with
those without depression [51–53]. Table 2 shows that a
higher level of depression was associated with the female
gender, this conclusion has been confirmed by many
studies [4, 54, 55].
We found a significant increase in cortisol secretion in

the depressive T2DM group, and higher 12:00 pm corti-
sol levels, which was associated with higher levels of de-
pression. The circadian rhythm curve of depression
T2DM patients floated higher on top, compared with
the non-depressive group with diabetes and the non-
diabetic group. Cortisol levels in the depression T2DM
patients, at all three time-points, were the highest. The
cortisol daily rhythm indicates the resting-state activity
pattern of the HPA axis in depression T2DM patients
differed more from that in the non-diabetic group [33].
From Fig. 2, we can speculate that diabetes and depres-
sion in the depression T2DM patients might have re-
sulted from a considerable number of daily life
challenges, causing a long-term high stress emotional
state. Cortisol levels of all individuals differed signifi-
cantly over the three sampling times (all p < 0.01). Previ-
ous studies found that cortisol levels at 4:00 pm and 12:
00 pm fell flat on the steep slope and did not differ sig-
nificantly over the two sampling times relating to the
physiological rhythm of cortisol in elderly individuals
with depression [56]. Our study participants were
middle-aged as compared with elderly depressed pa-
tients, and the course of depression was shorter. As a re-
sult, middle-aged depressive T2DM patients had less
impaired cortisol rhythm than elderly depressive individ-
uals. Figure 2 showed significantly higher 12:00 pm corti-
sol levels in the depressive patients with diabetes
compared with the non-diabetic group and the non-
depressive group with diabetes. Previous studies have
shown that high levels of cortisol at 12:00 pm were asso-
ciated with higher levels of depression [57]. In addition,
it can be seen that 12:00 pm cortisol levels in non-
depressive individuals with diabetes is also significantly
higher than that in non-diabetic patients, which indi-
cates that diabetes does increase psychological stress.
Cortisol levels at the other two time-points (the morning
and afternoon) were similar to those in the non-diabetic
group. From previous analyses, we can infer that more

functional losses cause long-term psychological stress in
depressive patients with diabetes. Kathol et al. has re-
ported that exposure to chronic stress increases the ac-
tivity of the HPA axis and depression level [58]. Previous
studies have shown a two-way relationship between de-
pression and diabetes, such that diabetes increases the
level of depression, which in turn reduces the self-caring
compliance of patients with diabetes. This negatively af-
fects diet, exercise and medication or insulin therapy
compliance further exacerbating the diabetes [59].
There are several limitations to this study that must be

considered. The main limitation is that since we used a
constructed interview, the sample size was relatively
small and therefore limited. However the results of a
post hoc power analysis showed that we had an adequate
sample size and met the minimum requirement to attain
80% power. A post hoc power calculation also demon-
strated that this study basically achieved power of 80% at
5% alpha level. It would have been useful to add a group
of patients with depression and not diabetes as this may
have provide a more comprehensive view on how dia-
betes and depression affect hormone levels. Additionally,
sampling C-peptide at multiple time points (samples
taken 1–5 h post meal) would provide more detail and
allow for a more scientific and reliable assessment of all
the variables.

Conclusions
Overall, the depressive patients with T2DM showed de-
creased levels of 2hCP, and increased levels of cortisol
compared to the non-depressive group with T2DM. Lep-
tin levels, however, were unremarkable in all groups.
Lower levels of 2hcp and higher levels of plasma cortisol
(12:00 pm) were correlated with higher levels of depres-
sion. Thus, these findings suggest that 2 h C-peptide,
and evening cortisol levels may be markers of depression
in patients with T2DM. Recognizing these will improve
management of diabetes.
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