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Background: Existing studies have reported that patients with diabetes mellitus (DM) have
an increased risk of depressive symptoms. We aimed to evaluate the association between
serum cystatin C levels and depressive symptoms in DM patients.

Methods: Serum levels of cystatin C were measured in 254 patients with DM at baseline.
Cox proportional hazard analysis was used to evaluate the value of serum cystatin C in
predicting depressive symptoms in patients with DM.

Results: Multivariate linear regression analysis showed that serum cystatin C levels were
independently associated with Centre for Epidemiological Studies Depression (CES-D)
scores after adjusting for age, sex, body mass index (BMI), current smoking status, current
drinking, admission systolic and diastolic blood pressure (BP), cardiovascular disease (CVD)
history and laboratory measurements in patients with DM at baseline (Sp=—0.127; 95% CI, -
0.185— - 0.083; P=0.002). The multivariate Cox proportional hazard analysis revealed that
serum cystatin C (HR=2.360, 95% CI 1.500-3.891, P-trend <0.001) was an independent
prognostic factor for cognitive decline in these patients with DM during the follow-up
period.

Conclusion: Our results showed that increased serum cystatin C levels were significantly
and independently associated with depressive symptoms and had independent predictive
value for depressive symptoms in patients with DM. Serum cystatin C might enable early
recognition of depressive symptoms among DM patients.

Keywords: cystatin C, DM, depressive symptoms, prognostic value

Introduction
Diabetes mellitus (DM) has been strongly associated with an increased risk of
developing depressive symptoms.' > Existing studies have suggested that the risk of
depression is higher in people with DM than in those without DM.* ¢ Although the
current mechanisms are poorly understood, increased inflammation and oxidative
stress in DM play important roles in an increased risk of depression.”® Depressive
symptoms are a major health problem and have been identified as strong prognostic
factors of heavy medical burden and poor quality of life in patients with DM.'°
Therefore, identifying relevant risk factors for depressive symptoms in patients with
DM must be addressed.

Cystatin C is a low-molecular-weight protein (13.4 kDa) that is synthesized at
a constant rate in all nucleated cells.'" Cystatin C is freely filtered through the
glomerulus and then reabsorbed and fully catabolized without secretion or
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subsequent reabsorption into the circulation.'> Serum
cystatin C is less likely to be influenced by individual
characteristics, such as age, sex, ethnicity, muscle mass,
13-15 e

researchers have proposed cystatin C as a more reliable
15,16

and medication use, than serum creatinine.
endogenous marker of early renal dysfunction.
However, the results of previous studies have also sug-
gested that serum cystatin C may be an independent risk
factor for all-cause mortality among elderly persons with
cardiovascular diseases (CVDs).'”'” It has also been
reported that higher serum cystatin C may be associated
with an increased risk of CVDs, such as stroke and cor-
onary heart disease, and subsequent mortality, even in
individuals without established chronic kidney disease
(CKD)."*'>' The aim of our study was to evaluate
whether serum cystatin C levels are an independent pre-
dictor of depressive symptoms in patients with DM.

To date, few studies have explored the association
between serum cystatin C levels and depression in patients
with DM. The aim of this study was to investigate whether
increased serum levels of cystatin C contribute to an
increased risk of depressive symptoms. This was also the
first study to explore the prognostic value of serum cysta-
tin C for predicting depression in patients with DM.

Materials and Methods

Study Population

We studied 254 hospitalized patients who were admitted to
Chongqing University Three Gorges Hospital and the
Chinese People’s Armed Police Force Zhejiang Corps
Hospital in China because of DM between January 2013
and December 2015. All eligible DM patients had no other
serious acute illnesses, including acute dysfunction of liver
or kidney function or acute heart failure, and they and
were stable for more than three months before admission.
There are three diagnostic criteria for diabetes: typical
symptoms of diabetes, such as polydipsia, polydipsia,
polyuria and emaciation, or a random serum glucose
level greater than or equal to 11.1 mmol/l; a fasting
serum glucose level greater than or equal to 7.0 mmol/L;
and blood glucose and serum glucose levels greater than or
equal to 11.1 mmol/L two hours after glucose loading. The
above diagnostic criteria must be repeated on different
days before diagnosis.”’ The diagnosis of DM in the
current study was performed by two endocrinologists
who used the same diagnostic criteria for the included
DM patients. Patients with DM were clinically stable

during hospitalization and were prospectively followed
up after discharge. Of these patients, 53 patients with
DM were identified as having depressive symptoms in
this study. Patients (N=19) with liver dysfunction, kidney
dysfunction, neoplastic diseases, or other serious diseases
were excluded.

The diagnosis of CVDs, including coronary heart dis-
ease, stroke, hypertension and others, was based on the
patient’s current or previous medical records. Other data
on clinical characteristics, including age, sex, body mass
index (BMI), smoking, alcohol consumption, blood pressure
(BP) and others, were collected from patient interviews or
medical records. According to the Declaration of Helsinki
guidelines, the Ethics Committee of Chongqing University
Three Gorges Hospital and the Chinese People’s Armed
Police Force Zhejiang Corps Hospital approved this study,

and all patients gave written informed consent.

Blood Specimen Collection and

Laboratory Analysis

Venous blood samples from patients with DM were col-
lected within the first 24 hours after admission. The sam-
ples were prepared immediately by centrifugation and
processed for determination of cystatin C. Serum levels
of cystatin C were measured via particle-enhanced immu-
nonephelometric assay using the Siemens ADVIA 2400
autoanalyzer (Siemens AG, Munich, Germany). Fasting
venous blood samples from patients with DM were also
tested for albumin (ALB), blood glucose (FBG), hemoglo-
bin (Hb), fasting hs-CRP (hs-C reactive protein), HbAlc
(glycosylated hemoglobin), high density lipoprotein
(HDL) and LDL (low density lipoprotein) with the use
of the Siemens ADVIA 2400 automatic biochemistry ana-
lyzer (Siemens AG). The estimated glomerular filtration
rate (¢eGFR) was calculated by using the Chronic Kidney
Disease Epidemiology Collaboration Group (CKD-EPI)
equation.”!

Depression Score

The Centre for Epidemiological Studies Depression (CES-
D) scale was used to calculate depressive scores.’??
A cutoff score of 16 was considered indicative of depres-
sive symptoms at baseline. During the follow-up period,
a score >16 was considered indicative of depression
events. The CES-D scale has been used widely in epide-

miological studies and is appropriate for use in our
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studies.”*** In addition, the subjects were considered to
have depression if they took antidepressant medications.

Follow-Up

All patients were followed prospectively after discharge
for a median period of 35 months (range=3-37). Patients
were followed by telephone or review of the medical
record four times a year until the occurrence of depressive
symptoms (depression event).

Statistical Analyses

The Kolmogorov—Smirnov test was used to analyze the
normality of the data. A P value < 0.05 was considered to
be statistically significant. The data that were not normally
distributed were analyzed by the Mann—Whitney U-test and
then expressed as the median (interquartile range [IQR]).
Data were analyzed by independent #-test and presented as
the mean + SD for normally distributed data. The chi-square
test was used to analyze categorical variables and is
expressed as n (%). A multivariate linear regression model
was used to assess the independent relationship between
serum cystatin C levels and CES-D scores in DM patients
at baseline after controlling for age, sex, BMI, current smok-
ing status, current alcohol consumption status, admission
systolic and diastolic BP, CVD history and laboratory mea-
surements. Then, Cox proportional hazard analysis was per-
formed to assess the independent prognostic factors for
depressive symptoms in patients with DM during the follow-
up period after controlling for these same confounding fac-
tors. In these multivariate analyses, we adjusted for clinical
data relevant to stroke and cognitive function even if the
factors were not significantly associated with depressive
symptoms in the univariate analysis because they are key
clinical variables and may be associated with depressive
symptoms in the multivariate but not univariate analyses.
Additionally, sensitivity and stratification analyses were also
performed to evaluate the independent association between
serum cystatin C levels and depressive symptoms (depres-
sion event) by adding “antidepressant therapy” and “CKD
history” as covariates. All of the analyses were performed by
using SPSS 24.0.

Results
Clinical Characteristics of Study Subjects

at Baseline
The clinical characteristics of the DM patients at baseline are
presented in Table 1. The mean age of all included DM

Table | Clinical Characteristics in 254 Patients with DM at

Baseline
Variables All Patients with DM (n=254)
Age (years) 63.2+7.9
Gender (male), n (%) 120 (47.2)
BMI (kg/m2) 25.6+5.3
Current smoker, n (%) 72 (28.3)
Current drinker, n (%) 87 (34.3)

Admission systolic BP (mmHg)
Admission diastolic BP (mmHg)

138.1 (132.6-147.8)
85.6 (80.3-95.3)

Antidepressant therapy, n (%) 31 (9.6)

CESD score 10.7 £ 9.2
Depressive symptoms, n (%) 53 (20.9)
CVD history

Hypertension, n (%) 135 (53.1)
Coronary heart disease, n (%) 31 (12.2)
Stroke, n (%) 24 (94)

CKD history 11 (43.3)

Laboratory measurements

eGFR (mL/min/1.73 m?)

Hs-CRP (pg/mL) 8.3 (5.1-15.3)
Hb (g/L) 108.4+4.6
ALB (g/L) 345 3.9
FBG (mmol/L) 12.8+2.9
HbAlc (%) 10.1 (8.1-12.4)
HDL (mmol/L) 1.3+0.2
LDL (mmol/L) 2.7%1.1
Serum cystatin C (mg/L) 1.39 (1.03-1.52)

62.5 (57.6-65.3)

Note: Data are presented as mean + SD for normally distributed data, as median
(interquartile range) for nonnormally distributed data, and as n (%) for categoric
variables.

Abbreviations: DM, diabetes mellitus; BMI, body mass index; BP, blood pressure;
CESD, Centre for Epidemiological Studies Depression; CVD, cardiovascular disease;
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; Hb,
hemoglobin; hs-CRP, hs-C-reactive protein; ALB, albumin; FBG, fasting blood glu-
cose on admission; HbA lc, glycosylated hemoglobin; HDL, high-density lipoprotein;
LDL, low-density lipoprotein.

patients was 63.2+7.9 years, and there were 120 males
(47.2%). The CES-D score was 10.7 £ 9.2, and the total
number of patients with depressive symptoms was 53
(20.9%). The median value of serum cystatin C levels was

1.39 (mg/L).

Increased Serum Levels of Cystatin
C Showed a Significant Association with
CES-D Score in 254 Patients with DM

To assess the association of serum cystatin C levels in
stroke patients with CES-D scores, a multivariate linear
regression model was performed (Table 2). Model 1
showed that higher serum levels of cystatin C were
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Table 2 Multivariate Linear Regression Analysis for the
Association Between the Serum Cystatin C Levels and CESD
Score in 254 Patients with DM at Baseline

Variables R? Sp 95% CI P value
Serum cystatin C (mg/

L) (per 1-SD increase)

Model | 0.124 | 0.153 | 0.104-0.224 <0.001
Model 2 0.153 | 0.143 | 0.095-0.200 <0.001
Model 3 0.196 | 0.127 | 0.083-0.185- 0.002

Notes: Model I: No adjustment Model 2: Adjusted for age, gender, BMI, current
smoker, current drinker, admission systolic and diastolic BP and CVD history. Model
3: Adjusted for age, gender; BMI, current smoker, current drinker, admission systolic
and diastolic B, CVD history and laboratory measurements.

Abbreviations: DM, diabetes mellitus; CESD, Centre for Epidemiological Studies
Depression; BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease.

significantly associated with CES-D score after no
adjustment was made (SP=0.153, 95% CI 0.104-0.224,
P<0.001). The results of Model 2 were similar to those
of Model 1 (Sp=0.143, 95% CI 0.095-0.200, P<0.001)
after adjustments were made for age, sex, BMI, current
smoking status, current drinking status, admission sys-
tolic and diastolic BP and CVD history. This relation-
ship in Model 3 remained statistically significant and
changed minimally after adding laboratory measure-
ments to Model 2 (SB=0.127, 95% CI 0.083-0.185,
P=0.002).

Cox Proportional Hazard Analysis for
Predicting Depressive Symptoms

(Depression Events) in 254 DM Patients
All included DM patients (N=254) were prospectively fol-
lowed up for a median period of 35 months (range=3-37).
Depressive symptoms (depression events) occurred in 53 of
the included DM patients. To assess the risk factors for
depression events, a multivariate Cox proportional hazard
regression model was used (Table 3). After adjustments
were made for age, sex, BMI, current smoking status, cur-
rent drinking status, admission systolic and diastolic BP,
CVD history and laboratory measurements, multivariate
Cox proportional hazard analysis suggested that serum
cystatin C levels (HR=2.360, 95% CI 1.500-3.891,
P-trend<0.001) were an independent prognostic factor for
depression events. Kaplan—Meier analysis showed that DM
patients with serum levels of cystatin C above the median
had a significantly higher rate of depression events than
patients with serum levels of cystatin C below the median
value (Log rank test, P<0.001, Figure 1).
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Figure | Kaplan—Meier analysis of depression events free stratified into 2 groups
by the median levels of serum cystatin C.

Sensitivity and Stratification Analysis for
Predicting Depressive Symptoms
(Depression Events) in 254 DM Patients

We performed an additional sensitivity analysis to evaluate the
association of serum cystatin C with depression events in DM
patients by adding “antidepressant therapy” as a covariate
(Table 4). The sensitivity analysis suggested that higher
serum cystatin C levels were still independently associated
with a higher risk of depression events during the follow-up of
3 years. Stratified analysis, performed by adding “CKD his-
tory” as a covariate, showed that the significant association
between serum cystatin C levels and depression events in DM
patients was affected by CKD history. A significant associa-
tion existed in patients with a history of CKD but not in
patients without a history of CKD (Table 5).

Discussion
In this study, we investigated whether serum cystatin
C levels can serve as an independent predictive marker for
the prognosis of depression events in patients with DM. Our
results suggested that serum cystatin C levels were an
independent prognostic factor for depression events in DM
patients by multivariate Cox proportional hazard analysis.
It is currently unclear whether cystatin C has a close
with DM.
Inflammation plays an important role in the pathogenesis

association with depression in patients
and prognosis of DM and depression.”* *® The results of
our study and other studies have suggested a close correlation
between cystatin C and conventional inflammatory markers,
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Table 3 Cox Proportional Hazard Analysis for the Association of Serum Cystatin C Levels and Depressive Symptoms

Variables Model | Model 2 Model 3
Serum cystatin C (mg/L) (per |-SD increase)

Quartile | 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
Quartile 2 1.650 (1.241-3.319) 1.540 (1.217-3.115) 1.462 (1.200-2.813)
Quartile 3 2.329 (1.562-3.993) 2.148 (1.456-3.495) 1.832 (1.320-3.391)
Quartile 4 2.738 (1.773-4.405) 2.684 (1.598-4.123) 2.360 (1.500-3.891)
P-trend <0.001 <0.001 <0.001

Notes: Model |: No adjustment. Model 2: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BP and CVD
history. Model 3: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BF, CVD history and laboratory

measurements.

Abbreviations: DM, diabetes mellitus; CESD, Centre for Epidemiological Studies Depression; BMI, body mass index; BP, blood pressure; CVD,

cardiovascular disease.

such as hs-CRP.>”%° Therefore, it is reasonable to suggest
that the cystatin C level may be of value in predicting
depressive symptoms by reflecting the amount of systemic
inflammation. Indeed, examination of the relationship
between serum cystatin C and frequent inflammatory
responses in patients with DM has been reported in the

30-32

literature, which is consistent with our results. In our

study, we first showed that patients with higher serum levels
of cystatin C had an increased CES-D score at baseline and
then had a higher risk of depression events after a follow-up
of 3 years, which may be mostly or partly explained by the
research on inflammatory mechanisms performed in pre-
vious studies.”®>° These studies have suggested that chronic
vascular inflammation caused by DM promotes the

Table 4 Sensitivity Analysis for the Association of Serum Cystatin C Levels and Depressive Symptoms

Variables Model | Model 2 Model 3
Serum cystatin C (mg/L) (per |-SD increase)

Quartile | 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
Quartile 2 1.631 (1.320-3.211) 1.565 (1.281-3.001) 1.501 (1.201-2.991)
Quartile 3 2.161 (1.439-3.518) 2.120 (1.328-3.204) 2.004 (1.298-3.092)
Quartile 4 2.337 (1.640—4.343) 2.201 (1.600—4.112) 2.102 (1.473-3.685)
P-trend <0.001 0.002 0.009

Notes: Model I: Antidepressant therapy. Model 2: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BP,
CVD history and antidepressant therapy Model 3: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BF, CYD

history, laboratory measurements and antidepressant therapy.

Abbreviations: DM, diabetes mellitus; CESD, Centre for Epidemiological Studies Depression; BMI, body mass index; BP, blood pressure; CVD,

cardiovascular disease.

Table 5 Stratified Analysis for the Association of Serum Cystatin C Levels and Depressive Symptoms

Variables

Model |

Model 2

Model 3

CKD history (yes)

Serum cystatin C (mg/L) (per |-SD increase)

P value

2.214 (1.628-3.662)
<0.001

2.109 (1.546-3.301)
<0.001

1.988 (1.458-3.074)
<0.001

CKD history (no)

Serum cystatin C (mg/L) (per 1-SD increase)

P value

1.621 (1.202-2.335)
0.031

1.4092 (0.993-1.944)
0.076

1.273 (0.917-1.592)
0.112

Notes: Model |: No adjustment Model 2: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BP and CVD
history. Model 3: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BF, CVD history and laboratory

measurements.

Abbreviations: DM, diabetes mellitus; CESD, Centre for Epidemiological Studies Depression; BMI, body mass index; BP, blood pressure; CVD,

cardiovascular disease.
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occurrence of depression events.>>>° The early detection of
depressive symptoms in these DM patients may provide us
with a chance to develop strategies aiming to reduce the
medical burden and improve prognosis. Our results seemed
to imply that serum cystatin C might be a sensitive biomarker
for the early recognition of depressive symptoms in patients
with DM.

Our results have several obvious strengths. First, we are the
first to find that serum cystatin C can be considered a valuable
prognostic factor for depressive symptoms in DM patients.
Second, we ensured comprehensive follow-up and rigorous
adjudication of depression events, so our results are very reli-
able. Third, the serum cystatin C assay chosen for this study is
both widely available and analytically stable (coefficient of
variation of precision <5%). This serum index is convenient
and reliable for clinical popularization.

Certainly, this study also has several limitations. The study
sample was recruited from a single-center, and the sample size
was fairly small. Additionally, cystatin C was only measured
once in the morning of the first day after admission. The time
courses of cystatin C levels were not evaluated. Information
regarding the long-term prognosis throughout the hospitaliza-
tion period was not available. Further investigation will be
necessary to solidify the clinical significance of cystatin C in
predicting depressive symptoms in patients with DM by eval-
uating the time course of cystatin C.

Conclusions

We demonstrated that serum cystatin C is an independent
prognostic factor for depressive symptoms in patients with
DM. These results suggest that serum cystatin C might be
a useful biomarker for predicting depressive symptoms in
patients with DM.
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