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Abstract
Background Major depressive disorder (MDD) is a chronic common mental disorder. Long-term
medication may lead to abnormalities in vivo factors, which cause obesity.

Aim To �nd out the related factors of obesity by analyzing the metabolic indexes of patients with major
depressive disorders of all ages in stable stage.

Methods Subjects with major depressive disorder (MDD) were treated with �xed dose drugs and
conventional drugs for 2 years or more. Venous blood was collected and blood metabolic indexes were
analyzed.

Results Among MDD, with the increase of age, the risk of obesity increases. Body mass index (BMI) was
positively correlated with age, total cholesterol (TC), triglyceride (TG), low density lipoprotein (LDL),
aspartate aminotransferase (AST), lactate dehydrogenase (LDH), uric acid (UA), alanine
aminotransferase (ALT), glycosylated hemoglobin (HbA1c) and high sensitivity C-reactive protein
(HsCRP), and high density lipoprotein (HDL). But creative kinase isoenzyme (CK-MB), urea, serum
creatinine (SCr) and homocysteine (Hcy) were not correlated with BMI. Multiple linear regression analysis
showed that the value of BMI increased with the increase of age (B = 0.050, p = 0.002), AST (B = 0.094, p
= 0.049), ALT (B = 0.055, p = 0.016), UA (B = 0.006, p < 0.021), HbA1c (B = 0.702, p = 0.004) and hsCRP (B
= 0.101, p < 0.001).

Discussion We should pay more attention to the monitoring of blood metabolism indicators with the
increase of age in MDD, and timely adjust the use of drugs timely adjust the use of drugs refer to their
liver and kidney function, so as to reduce the risk of obesity and improve their quality of life.

1. Introduction
Major depressive disorder (MDD) is a chronic common mental disorder characterized by continuous
depression, lack of motivation to do things and loss of appetite. According to the China mental health
survey, its annual prevalence rate was about 4.1%[1]. Regular and continuous use of drug treatment can
help alleviate the condition of MDD patients, but long-term drug treatment may lead to obesity, whether
it's teenagers, adults or the elderly[2] [3] [4]. Previous studies[5] [6] [7] [8]and our previous
research[9]showed that after long-term medication, patients with MDD would have abnormalities in vivo
factors, which might cause obesity, increased the risk of other complications, such as circulatory system
diseases[2], endocrine system diseases[10] and so on.

Some studies suggested that age, education, drinking, smoking and living habits were related to
obesity[11]. In terms of blood metabolic indexes, total cholesterol (TC)[12], uric acid (UA)[13], glycosylated
hemoglobin (HbA1c)[14], low density lipoprotein (LDL)[15] and so on were also related to obesity.
However, as clinicians, this is not enough. We hope to re�ne these indicators and monitor targeted
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indicators for patients with MDD of different ages, so as to achieve the purpose of early intervention,
reduce complications, improve prognosis and promote their health.

Therefore, we collected blood samples from patients in order to �nd out the blood metabolism indicators
affecting obesity in MDD.

2. Method

2.1 Participants
The outpatients and inpatients with MDD were included, who met the diagnostic criteria of the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) from July 2016 to May 2021 in the
Department of Psychiatry, The Third People’s Hospital of Foshan, Guangdong, People’s Republic of China.
They were divided into adolescent depressive depression (ADD, 14 ≤ age < 18), adult depressive
depression (DD, 18 ≤ age < 60) and late-life depression (LLD, 60 ≤ age), according to their age. Meanwhile
they were required to maintain a �xed drug dose pattern for 2 years or more (in the stable period) before
blood testing.

Exclusion criteria:  Comorbidity other mental disorders, including mental retardation or other cognitive
impairment;  Patients with severe and unstable physical diseases, including severe kidney or liver
function damage, cardiac insu�ciency, etc;  Those who didn’t cooperate with venous blood drawing,
such as phobia, etc;  Smoking habits (≥ 1 cigarette per day) or drinking habits (≥ 1 unit alcohol per
week); 1 unit alcohol = 480 ~ 600 ml of beer = 350 ml of low alcohol liquor or red wine, yellow wine = 50
ml of high spirits (40 degrees or more).

2.2 Assessments
The subjects who met the above conditions and were willing to participate, after signed the informed
consent form, were collected their names, gender and the age through the interviews. Then, the weight,
height and BMI of them were measured with Automatic Measuring Stadiometer BSM370
(smitechasia.com).

According to the diagnostic criteria of overweight and obesity proposed by the China Obesity working
group, “24 kg/m2 ≤ BMI < 28 kg/m2” was de�ned as overweight, “BMI ≥ 28 kg/m2 as obesity” was
obesity, and “BMI < 24 kg/m2” was non obesity[16]. The next step was to draw venous blood. Subjects
were required to be fasting for more than 8 hours before drawing the venous blood and the night before
blood drawing, were needed to maintain a normal diet, without exercise violently and didn’t drink any
alcohol or coffee after dinner. Finally, TC, TG, HDL, LDL, AST, ALT, LDH, CK-MB, SCr, UA, HbA1c, HsCRP
and Hcy would be recorded in the subject's clinical data sheet for subsequent data analysis.

2.3 Data analyses
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We used Statistical Product and Service Solutions 19 software (https://www. ibm.com/analytics/spss-
statistics-software) to analyze the data. Chi square test was used to compare the differences of general
demographic. The blood metabolic indexes of ADD, DD and LLD were compared by one-way ANOVA. The
relationships of BMI and variable indexes were analyzed by Pearson correlation. Multiple linear
regression was used to analyze the effects of blood index components on BMI.

3. Result

3.1 Comparison of demographic characteristics and
metabolic indexes in MDD of different ages level
There were 205 participants in this study, including ADD (n = 57), DD (n = 98) and LDD (n = 50), while 12
subjects were excluded because of eating breakfast before blood drawing or refusing blood test.

There were no signi�cant differences in gender, height, weight, HDL, AST, ALT, LDH, CK-MB, Hcy among
ADD, DD and LDD (p > 0.05). And there were signi�cant differences in BMI, TC, TG, LDL, ALT, urea, SCr, UA,
HbA1c and HsCRP (p < 0.05). The incidence of obesity in ADD, DD and LDD was 8.77%, 9.18% and
14.28% respectively. Overweight was 12.28%, 27.55% and 46.43%.(Table 1)
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Table 1
Comparison of demographic characteristics and metabolic indexes

  ADD ( n = 57 ) DD ( n = 98 ) LDD ( n = 50 ) F p

Age (year) 16.07 ± 1.59 31.70 ± 9.98 64.75 ± 4.87 - -

Gender (male/female) 17/40 32/66 21/29 1.94 0.379

Height (cm) 162.22 ± 8.02 163.02 ± 7.76 159.49 ± 8.26 2.17 0.117

Weight 56.84 ± 12.89 60.24 ± 11.72 63.08 ± 8.93 2.95 0.055

BMI (kg/m2)bc 21.48 ± 4.01 22.62 ± 3.80 24.79 ± 3.03 7.27 0.001*

Obesity (%) 8.77 9.18 14.28 - -

Over weight (%) 12.28 27.55 46.43 - -

Non obesity (%) 78.95 63.27 39.29 - -

TC (mmol/L)abc 4.60 ± 1.08 5.10 ± 1.09 5.55 ± 1.30 15.56 < 0.001*

TG (mmol/L)bc 1.17 ± 0.80 1.31 ± 0.77 1.95 ± 1.00 19.61 < 0.001*

HDL (mmol/L) 1.48 ± 0.33 1.51 ± 0.38 1.45 ± 0.47 0.26 0.772

LDL (mmol/L)ac 2.46 ± 0.87 2.78 ± 0.84 3.05 ± 0.77 5.13 0.007*

AST (U/L) 18.79 ± 6.99 20.56 ± 10.27 22.14 ± 7.19 1.46 0.236

ALT (U/L) 19.56 ± 15.71 25.31 ± 23.12 25.64 ± 13.49 1.72 0.182

LDH (U/L) 167.02 ± 38.63 167.16 ± 33.73 178.32 ± 31.43 1.02 0.363

CK-MB (U/L) 13.00 ± 4.59 12.21 ± 3.55 13.98 ± 5.74 2.16 0.118

Urea (mmol/L)bc 4.23 ± 1.15 4.42 ± 1.17 5.30 ± 1.92 7.06 0.001*

SCr (µmol/L)abc 56.82 ± 11.20 63.85 ± 12.64 72.71 ± 25.02 11.55 < 0.001*

UA (µmol/L)b 346.07 ± 85.75 326.22 ± 97.62 391.46 ± 122.82 4.50 0.012*

HbA1c (%)bc 5.14 ± 0.33 5.30 ± 0.65 5.87 ± 1.09 10.89 < 0.001*

HsCRP (mg/L)bc 1.89 ± 2.35 2.53 ± 5.17 3.89 ± 3.54 8.87 < 0.001*

Hcy (µmol/L) 12.09 ± 9.48 11.32 ± 5.87 11.41 ± 5.22 0.21 0.807

Note: ADD, DD, LDD ,TC total cholesterol, TG triglyceride, HDL high density lipoprotein, LDL low
density lipoprotein, AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate
dehydrogenase, CK-MB creatine kinase isoenzyme, urea, SCr serum creatinine, UA uric acid, HbA1c
glycosylated hemoglobin, HsCRP hypersensitive C-reactive protein, Hcy homocysteine; a: ADD vs DD,
b: DD vs LLD, c: ADD vs LLD, p < 0.05; * indicates the comparison among groups (p < 0.05); Values are
expressed as mean ± standard deviation.
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3.2 Pearson correlation between BMI and various indexes in
MDD
The results showed that BMI was positively correlated with age, TC, TG, LDL, AST, LDH, UA, ALT, HbA1c
and hsCRP, and negatively correlated with HDL. But CK-MB, urea, SCR and Hcy were not correlated with
BMI. (Table 2)

Table 2
Pearson correlation between BMI and various indexes

BMI

Age* r 0.389 AST* r 0.172 SCr r 0.114

p < 0.001 p 0.020 p 0.123

TC* r 0.281 ALT* r 0.328 UA* r 0.335

p < 0.001 p < 0.001 p < 0.001

TG* r 0.360 LDH* r 0.251 HbA1c* r 0.349

p < 0.001 p 0.001 p < 0.001

HDL* r -0.262 CK-MB r 0.037 HsCRP* r 0.244

p < 0.001 p 0.620 p 0.001

LDL* r 0.369 Urea r 0.086 Hcy r 0.013

p < 0.001 p 0.245 p 0.862

Note: TC total cholesterol, TG triglyceride, HDL high density lipoprotein, LDL low density lipoprotein,
AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate dehydrogenase, CK-MB
creatine kinase isozyme, urea, SCr serum creatinine, UA uric acid, HbA1c glycosylated hemoglobin,
HsCRP hypersensitive C reactive protein, Hcy homocysteine, * indicates p < 0.05.

 

3.3 Multiple linear regression analysis of the infuencing
factors of BMI in MDD
Taking BMI as dependent variable (Y) and age, TC, TG, HDL, LDL, AST, ALT, LDH, UA, HbA1c and HsCRP
as independent variables (X), gender as covariate, a stepwise multiple linear regression model (F = 9.897,
p < 0.001) was established. Finally, the elements entering the model were age, AST, ALT and UA. (Table 3)
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Table 3
Multiple linear regression analysis of in�uencing factors of BMI

Model B Standard error Standard coe�cient t p

(constant) 13.468 2.603 - 5.175 < 0.001*

Age 0.050 0.016 0.223 3.138 0.002*

TC -0.991 1.246 -0.295 -0.795 0.428

TG 0.493 0.385 0.108 1.281 0.202

HDL -0.151 1.497 -0.015 -0.101 0.920

LDL 1.981 1.537 0.438 1.288 0.199

AST -0.094 0.049 -0.217 -1.945 0.049*

ALT 0.055 0.023 0.283 2.441 0.016*

LDH 0.009 0.008 0.085 1.243 0.216

UA 0.006 0.003 0.161 2.325 0.021*

HbA1c 0.646 0.391 0.116 1.651 0.101

HsCRP 0.037 0.060 0.040 0.613 0.541

Note: TC total cholesterol, TG triglyceride, HDL high density lipoprotein, LDL low density lipoprotein,
AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate dehydrogenase, UA uric
acid, HbA1c glycosylated hemoglobin, HsCRP hypersensitive C reactive protein.

4. Discussion
Our study included adolescent depressive depression, adult depressive depression and late-life
depression who had treated with fxed doses of drugs for 2 years or more, and excluded smoking and
drinking habits. The indicators we measured contained blood lipid, liver function, renal function, cardiac
function, blood in�ammation and so on, which could comprehensively understand the related factors
between MDD and obesity.

First of all, compared with MDD in different age groups, we found that there was little difference in the
incidence of obesity between adolescents and adults, while the incidence of obesity was higher in
patients with depression in late life. According to a national epidemiological survey, the results indicated
that the prevalence of obesity in urban areas in southern China was 2.8–7.2% from 2010 to 2018[17],
where the subjects in our study came from. This means that the incidence of obesity in patients with
depressive disorder treated regularly would increased at different ages.

In addition, the values of TC TG LDL urea SCr UA HbA1c and HsCRP showed an upward trend in the
LLD group. In order to further explore the relationship between these serum metabolic indexes and the
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occurrence of obesity in MDD, we made a correlation analysis between BMI and them, witch showed that:
BMI was positively correlated with age, TC, TG, LDL, AST, ALT, LDH, UA, HbA1c and hsCRP, and negatively
correlated with HDL. Previous research results suggested that the incidence of obesity increases with age,
and MDD is no exception[18]. TC, TG and LDL are the most frequently detected blood lipid indicators in
clinic. They were recognized as risk factors in lipid metabolism[19] [20] [9]. Therefore, it is easy to
understand that their increase increases the risk of obesity. In contrast, HDL has the opposite function
and its rose was a protective factor for obesity[21] [22]. These were consistent with our experimental
results. Clinically, AST and ALT are commonly used to re�ect human liver function, and the liver function
plays an important role in lipid metabolism[23]. LDH mainly exists in animal tissues such as myocardium
and liver. Clinically, it is often used as an auxiliary index for the diagnosis of myocardial infarction and
liver disease. Its rise, like AST and ALT, participated in the process of obesity and overweight[24]. SCr is
the product of human muscle metabolism. In muscle, creatine forms creatinine slowly mainly through
irreversible non enzymatic dehydration reaction, which is then released into the blood, �ltered through the
glomerulus and discharged with the urine. The detection of SCr is an important index of renal function.
Elevated SCr means impairment of renal function. In the longitudinal study of diabetes, the researchers
found that obesity was associated with decreased renal function[25]. The results of this study indicated
that there were signi�cant differences in the comparison of SCr in different age groups, and SCr in the
older group is higher. However, when we did correlation analysis between SCR and BMI, we get negative
results, which was inconsistent with our previous results[9], which might be the impact of the selection of
MDD in this study. However, the effect of UA was well recognized, and some people believed that its
increase was related to the increase of weight and blood pressure[26]. What’s more, its increase was
signi�cantly associated with increased risk of diabetes, especially for overweight people[27]. HbA1c is
considered to be a re�ection of the average blood glucose level in the body for three months. It was
considered to be a risk factor for obesity and diabetes[28] [29] [30]. HsCRP is an acute phase protein
synthesized in the process of in�ammatory stimulation such as tissue injury and infection. As a member
of in�ammatory factors, it participated in the disease process of MDD[31] and was considered to be
related to obesity[32]. Therefore, our study veri�ed the previous research and achieved good consistency.

Finally, the results of regression analysis showed that age, AST, ALT and UA were the risk factors for the
increase of BMI. To our surprise, conventional blood lipid indexes such as TC, TG, LDL and HDL did not
pass the test. As we know that antidepressants are metabolized by liver and kidney, and taking such
drugs will often affect liver and kidney function clinically, especially for ALT, AST, UA, etc[33] [34] [35]. Our
results were the same, suggesting that the increase of these indicators is of great signi�cance in the
occurrence of obesity in MDD in different age groups.

Unfortunately, in order to obtain a stable blood index of the internal environment of patients with MDD in
this study, we selected patients taking drugs regularly for two years or more, and they were also required
to rule out serious physical diseases, which caused great di�culties for us to collect elderly samples. At
the same time, in order to exclude the in�uence of smoking and drinking habits, not a few patients were
excluded before enrollment, which would cause deviation in our study, but we had to do so.
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All in all, we should pay more attention to the monitoring of blood metabolism indicators with the
increase of age in MDD, and timely adjust the use of drugs refer to their liver and kidney function, so as to
reduce the risk of obesity and improve their quality of life.
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