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Purpose: Major depressive disorder (MDD) is a mood disorder characterized by persistent spontaneous depression and has a high rate
of disability and mortality. There is a complex relationship between MDD and disorders of glucose metabolism, and our study aimed
to investigate the prevalence and risk factors for hyperglycemia in patients with MDD who were hospitalized for the first times.
Patients and Methods: A total of 981 first-time inpatients with MDD were recruited, socio-demographic information, anthropo-
metric data, and biochemical parameters were collected for each participant. The 17-item Hamilton Assessment Scale for Depression
(HAMD-17), the 14-item Hamilton Anxiety Scale (HAMA-14), the Positive Syndrome Scale (PSS), and Clinical General Impressions
Inventory-Severity of Illness (CGI-SI) scores were used to assess patients’ clinical symptoms.

Results: The prevalence of hyperglycemia was 9.28% among patients with MDD who were hospitalized for the first time. Compared
to the non-hyperglycemic subgroup, patients in the hyperglycemic subgroup were found to have more extensive and significant
demographic and clinical characteristics, higher levels of metabolism-related parameters, and more severe psychological and psycho-
pathological symptoms. Age, thyroid stimulating hormone (TSH), triglycerides (TG) were risk factors for hyperglycemia in MDD
patients, while course of disease was a protective factor.

Conclusion: The study findings suggest that the prevalence of hyperglycemia is not high in patients with MDD who are hospitalized
for the first time. The risk variables for predicting hyperglycemia include age, TSH and TG. The above three factors and course of
disease have good combined diagnostic ability for hyperglycemia.
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Introduction

Major depressive disorder (MDD) is a serious psychiatric disorder with clinical manifestations characterized by mood
and cognitive changes and loss of interest or pleasure lasting at least 2 weeks, with a range of depressive symptoms.' The
prevalence of major depressive disorder is high globally, with roughly 2% of the global population affected by MDD.?
Lifetime prevalence of MDD ranges from 2% to 21% worldwide, with some European countries having the highest
prevalence and some Asian countries having the lowest prevalence.” A meta-analysis has found that the 12-month and
lifetime prevalence of MDD in China was 1.6% and 1.8%, respectively.* Although the prevalence of MDD in China is
relatively low compared to other countries, the incidence of MDD is increasing over time. And in the development of
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MDD, due to its high mortality and disabling characteristics,”® it not only causes great personal suffering to patients,’
but also a huge economic burden to families and society.'*!"

Although depression and diabetes mellitus are usually considered as disorders of two separate systems, there are
complex interrelated mechanisms between them. It has been suggested that depression and diabetes share common
biological origins, such as a common over-activation of innate immunity leading to cytokine-mediated inflammatory
responses'” and a common dysregulation of the hypothalamic-pituitary-adrenal axis,'® and that these pathways lead
to an increased risk of depression, diabetes, and increased mortality throughout the lifespan.'*'* Genomic associa-
tion studies have also reported that depression and diabetes share common genetic pathways or shared genetic
load.">'® At the same time, there is an overlap in the gut microbiota of depressed patients and patients with impaired
glucose tolerance.'” The association between the two has been similarly affirmed in several epidemiologic and
clinical studies. In a large survey involving 2783 patients with type 2 diabetes mellitus (T2D) in 18 countries, it was
found that 10.6% of In a large survey involving 2783 patients with type 2 diabetes mellitus (T2D) in 18 countries, it
was found that 10.6% of patients with T2D also had MDD.'® Another large meta-analysis found that the overall
prevalence of T2DM in the MDD-diagnosed population was 8.7%, which is significantly higher than the prevalence
in the general population.'” Even more disturbing is the fact that abnormal blood glucose levels increase the risk of
suicide in patients with MDD.?*?? Therefore, it is reasonable to believe that a deeper understanding of the
association between depression and diabetes remains an important future clinical study to improve the prognosis
of MDD.

Although there is evidence of dysglycemia in patients with MDD, there is some heterogeneity in the prevalence of
hyperglycemia in patients with MDD in the relevant studies due to differences in region, ethnicity, sample size, and
differentiation criteria for hyperglycemia. Meanwhile, there is a lack of large-sample studies on hyperglycemia in first-
time hospitalized MDD patients in existing studies. Therefore, in this study, we investigated the prevalence of
hyperglycemia in a large sample of first-time hospitalized MDD patients in China and further analyzed the influencing
factors, which will help to further study the mechanism of combined hyperglycemia in MDD patients and the

corresponding prevention and treatment methods.

Materials and Methods

Subjects
A total of 1012 patients diagnosed with MDD were admitted to the Wuhan Mental Health Center from July 2017 to
August 2022, 31 patients were excluded as shown in Figure 1.

Patients must meet the following criteria at the time of inclusion in the study:

1. Fulfill the diagnostic criteria for MDD according to the 10th revision of the International Classification of Diseases
(ICD-10).

2. Patients on the day of admission had no history of hospitalization prior to completing the interview.

3. Patients were between the ages of 18—60 years of Chinese Han ethnicity.

4. 17-item Hamilton Depression Scale (HAMD-17) score > 24.

Patients were not included in the study if they meet any of the following conditions:

During pregnancy or lactation.

Having a history of psychoactive substance dependence.

Suffering from a serious physical illness or personality disorders.

Those with a clear history of diabetes before the onset of MDD and treated with glucose-lowering medications.

A

Unable to cooperate with the completion of a psycho-psychological evaluation because of a severe behavioral
disorder or other reasons.
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Figure | Flow chart.

The study followed the principles of the Declaration of Helsinki, was approved by the Ethics Committee of the
Wuhan Mental Health Center under the approval number KY20170201.01, and all participants signed an informed
consent form by the patients themselves or their families.

Research Design
This study used a cross-sectional design to determine the prevalence of hyperglycemia in patients with MDD who were
hospitalized for the first time, assessed patients’ fasting glucose levels, and compared demographic and general clinical
data for clinical subgroups with and without hyperglycemia. Finally, we determined important characteristics to
distinguish patients with and without hyperglycemia by plotting ROC curves.

On the day of admission, patients who met the inclusion criteria were interviewed and evaluated by a psychiatrist in
a separate interview room on the hospital ward to collect general clinical data, which included the patient’s age, gender,
age of onset, course of disease, marital status, educational background, treatment history, the history of suicidal behavior,
blood pressure level (specifically: systolic blood pressure, SBP; diastolic blood pressure, DBP) and body mass index
(BMI). At the same time, we respectively assessed patients’ depressive symptoms, anxiety symptoms, psychotic
symptoms, and disease severity using HAMD-17, the 14-item Hamilton Anxiety Scale (HAMA-14), the Positive
Symptom Subscale (PSS) for items P1-P7 of the Positive and Negative Symptom Scale (PANSS), and the Clinical
General Impressions Inventory-Severity of Illness (CGI-SI). On the second day after admission, we collected the
following serological data in the fasting state of the patients from the electronic medical record system: lipid profile
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(specifically: total cholesterol, TC; triglycerides, TG; low-density lipoprotein cholesterol, LDL-C; high-density lipopro-
tein cholesterol, HDL-C), fasting blood glucose (FBQG) level, and thyroid function (specifically: thyrotropic hormone,
TSH; free triiodothyronine, FT;; free thyroxine, FTy).

We used fasting glucose level to distinguish two clinical subgroups, the classification criteria were based on the
diagnostic criteria for hyperglycemia in the Standards of medical care for type 2 diabetes in China 2019, in which
meeting FBG > 6.1 mmol/L was considered as hyperglycemia, and <6.1 mmol/L was considered as non-
hyperglycemia.”

The relevant psychometric indicators were assessed by two uniformly trained attending psychiatrists at the medical
center where the sample was located.

Data Analysis

Data collected for normally distributed continuous measures were given in the form of means and standard deviations,
while categorical variables were expressed as counts.Considering the susceptibility of age to extreme values, age was
chosen to be expressed as the median (range). In order to compare the continuous variables in different groups, we
utilized independent samples from 7-test. In addition, we performed the chi-squared tests for categorical variables. In
order to study the variables affecting patients’ hyperglycemia, a binary logistic regression model was constructed with
hyperglycemia as the dependent variable and variables with differences in univariate analysis as independent variables.
Finally, the area under the receiver operating characteristics (AUCROC) was used to determine the discriminatory
capacity of significant parameters to distinguish between patients with and without hyperglycemia. The threshold of
significance was set at less than 0.05 and all P values were two-tailed. Figures were plotted using GraphPad Prism
(version 8.4.3; GraphPad Software, Inc., La Jolla, CA, USA) and statistically analyzed using SPSS 25 (SPSS, Inc.,
Chicago, IL).

Results

The Differences Between Clinical Subgroups with and without Hyperglycemia

Among 981 MDD patients included in this study, 91 met the diagnosis of hyperglycemia, representing 9.28% (91/981) of
the total sample. The fasting blood glucose level in the hyperglycemic group was 6.60+0.46 mmol/L and in the non-
hyperglycemic group was 5.13+0.46 mmol/L. There were significant differences in demographic and general clinical data
between the subgroups with and without hyperglycemia. As shown in Table 1, compared to the non-hyperglycemic
subgroup, the hyperglycemic subgroup generally had higher values for indicators such as age, age at onset, prevalence of
suicidal behavior, scores on four scales (PSS, HAMD, HAMA, and CGI-SI), TSH levels, FT3 levels, WC, TG levels, TC
levels, LDL-C levels, SBP and DBP, but the indicators of disease course and educational attainment were even lower.

Determinants of Hyperglycemia Among MDD Patients: Based on a Binary Logistic
Model

We constructed a binary logistic regression model (Backward: Wald) with the variables that differed in the univariate
analysis as independent variables and hyperglycemia as the dependent variable. The results showed that age (B = 0.03,
p=0.007, OR =1.03), TSH (B = 0.27, p < 0.001, OR = 1.31), TG (B= 0.23, p = 0.037, OR = 1.26) were risk factors for
hyperglycemia. On the contrary, the course of disease (B = —0.08, p = 0.009, OR = 0.92) was the protective factor of
hyperglycemia. These results were summarized in Table 2.

ROC Curve Analysis to Distinguish Hyperglycemia from Non- Hyperglycemia Patients
We performed a ROC analysis of the correlates identified in the regression analysis that had a significant effect on
hyperglycemia in the study population, as shown in Table 3. And the ROC curves of these four variables were plotted,
including age, disease course, TSH, and TG, as shown in Figure 2. The ROC curves showed the following four-factor
results: the AUC for age was 0.58 (p = 0.008, 95% CI = 0.52-0.65), the AUC for course of disease was 0.60 (»p = 0.001,
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Table 1 The Demographic and General Clinical Data in Different Clinical Subgroups

Index Total Patients Hyperglycemia Non- Hyperglycemia tiy? p - value | Effect sizes Cohen’s
(n =981) (n=291) (n = 890) d/ ¢ (Phi)
Age - years 34 (18-62) 42 (19-62) 34 (18-62) -2.80 0.005* 0.31
Onset age - years 34.09+12.36 37.85+13.04 33.71x12.23 —-3.06 0.002* 0.34
Course of disease - months 10.831+4.41 9.34+3.29 10.97+4.49 3.39 0.001* 0.37
Gender 0.07 0.796 0.01
Male 333, 33.94% 32, 35.16% 301, 33.82%
Female 648, 66.06% 59, 64.84% 589, 66.18%
Marital status - (n, %) 3.15 0.076 0.06
Unmarried 307, 31.29% 21, 23.08% 286, 32.13%
Married 674, 68.71% 70, 76.92% 604, 67.87%
Treatment history 1.33 0.249 0.04
Yes 636, 64.83% 64, 70.33% 572, 64.27%
NO 345, 35.17% 27, 29.67% 318, 35.73%
Educational background 7.76 0.005* 0.09
High school and below 683, 69.62% 75, 82.42% 608, 68.31%
Bachelor and above 298, 30.38% 16, 17.58% 282, 31.69%
History of suicidal behavior 25.82 < 0.001* 0.16
Yes 132, 13.46% 28, 30.77% 104, 11.69%
NO 849, 86.54% 63, 69.23% 786, 88.31%
PSS 8.67+4.39 11.26+6.73 8.41+3.99 -3.97 <0.001* 0.66
HAMD 29.43+2.97 30.59+3.45 29.32+2.89 —3.4l 0 0.001* 0.43
HAMA 20.28+3.49 21.76£3.99 20.12£3.40 —4.29 < 0.001* 0.47
CGI-SI 5.83+0.71 6.08+0.81 5.80+0.70 -3.13 0.002%* 0.40
TSH - ulU/mL 3.98+2.47 6.38+3.88 3.73%2.14 —6.41 <0.001* 1.13
FT5 - pmol/L 4.9+0.69 4.77£0.59 4.91+0.70 211 0.037* 0.20
FT4 - pmol/L 16.78+3.04 16.81+2.88 16.78+3.05 —-0.10 0.921 0.01
WC - cm 79.98+8.40 81.82+7.87 79.80+8.44 -2.20 0.028* 0.24
TG - mmol/L 2.11x1.00 2.39%1.10 2.09+0.98 -2.79 0.005* 0.31
TC - mmol/L 4.79+0.92 5.16x1.08 4.75+0.90 —-3.51 0 0.001* 0.45
HDL-C - mmol/L 1.324£0.23 1.33+£0.23 1.32+0.23 —0.40 0.690 0.04
SBP - mmHg 116.39£11.15 115.76+10.82 122.55+12.37 —5.04 <0.001* 0.62
DBP - mmHg 74.62+6.83 74.25+6.57 78.30+8.13 —4.60 < 0.001* 0.60
LDL-C - mmol/L 2.67+0.74 2.82+0.85 2.65+0.73 -2.10 0.036* 0.23
BMI - kg/m? 24.18%1.76 24.09+1.88 24.19+1.75 0.55 0.584 0.06

Note: *p<0.05.

Abbreviations: PSS, Positive symptom subscale; HAMD, Hamilton Depression Scale score; HAMA, Hamilton Anxiety Scale Score; CGI-SI, Clinical Global Impression Scale -
Severity of lliness; TSH, thyroid stimulating hormone; FT3, free triiodothyronine; FT,, free thyroxine; WC, waist circumference; TG, triglycerides; TC, total cholesterol;
HDL-C, high density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low density lipoprotein cholesterol; BMI, Body mass index.

95% CI = 0.54-0.66), the AUC for TSH was 0.68 (p < 0.001, 95% CI = 0.62—0.75), the AUC for TG was 0.58 (p =
0.011, 95% CI = 0.52-0.64). The AUC for combination was 0.74 (p < 0.001, 95% CI = 0.69-0.80).

Discussion

This was a large sample cross-sectional study to investigate the prevalence and the associated factors of hyperglycemia in
the first hospitalized MDD patients. The main findings of our study were as follows: 1. The prevalence of hyperglycemia
in first hospitalized MDD patients was 9.28%; 2. The metabolic data, psychological and psycho-pathological symptom
scores, as well as age and onset age of the hyperglycemic subgroup are generally higher than those of the non-
hyperglycemic subgroup; 3. Age, TSH level, and TG level were risk factors for the diagnosis of hyperglycemia in
patients with MDD who were first hospitalized, while the course of the disease was a protective factor; 4. First
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Table 2 Binary Logistic Regression Analyses of Determinants of Hyperglycemia in MDD Patients

Coefficients | Std. error Wald p-value 95% CI for EXP (B)
B Exp(B) Lower Upper
Constant —6.32 1.30 23.60
Age - years 0.03 0.0l 7.21 0.007* 1.03 1.0l 1.05
Course of disease - months —0.08 0.03 6.76 0.009* 0.92 0.87 0.98
TSH 0.27 0.04 54.73 < 0.001* 1.31 1.22 1.41
TG 0.23 0.11 4.36 0.037* 1.26 1.01 1.56
wC 0.03 0.01 3.24 0.072 1.03 1.00 1.06
Note: *p<0.05.
Abbreviations: TSH, thyroid stimulating hormone; TG, triglycerides; WC, waist circumference.
Table 3 ROC Analysis of Factors Influencing Hyperglycemia
Variables AUC Std. Error | p-value 95% ClI
Lower Upper
Age - years 0.58 0.03 0.008* 0.52 0.65
Course of disease - months 0.60 0.03 0.001* 0.54 0.66
TSH 0.68 0.03 < 0.001* 0.62 0.75
TG 0.58 0.03 0.011* 0.52 0.64

Note: *p<0.05.

Abbreviations: MDD, major depressive disorder; T2D, type 2 diabete; HAMD-17, |7-item Hamilton Assessment
Scale for Depression; HAMA-14, 14-item Hamilton Anxiety Scale; PSS, Positive Syndrome Scale; PANSS, Positive and
Negative Symptom Scale; CGI-SI, Clinical General Impressions Inventory-Severity of lliness; ICD-10, the 10th revision
of the International Classification of Diseases; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; TSH, thyrotropic hormone; FT3,
free triiodothyronine; FT4 free thyroxine; WC, waist circumference; BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; AUC, area under the curve; TgAb, thyroglobulin antibody; TPOADb, thyroid
peroxidase antibody; HbAlc, glycated hemoglobin; OGTT, oral glucose tolerance test; TSH, thyroid stimulating

hormone; TG, triglycerides.

hospitalization MDD patients with co-morbid hyperglycemia could be predicted by the combination of age, course of
disease, TSH level, TG level, and the combination discrimination ability was 74%.

In our study, the prevalence of hyperglycemia in patients with MDD was 9.28%, whereas in some previous studies,
the prevalence of hyperglycemia in patients with MDD was higher. In other studies, the prevalence of hyperglycemia in
patients with MDD ranged from 13.62% to 37%.%*® The lower prevalence of hyperglycemia in our study compared to
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Figure 2 The discriminatory capacity of related factors for distinguishing between patients with and without hyperglycemia in MDD patients. The area under the curve of
age, course of disease, TSH, TG and the combination of these four factors were 0.58, 0.60, 0.68, 0.58 and 0.74, respectively.
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other studies may be partly due to the fact that we included patients with MDD who were hospitalized for the first time,
whereas other study subjects tended to be primary unmedicated patients. 64.83% of the patients in our study were treated
on an outpatient basis and previous visits and monitoring of appropriate indicators helped in glycemic control. Another
reason for the significantly higher prevalence than our study is the broader definition of elevated blood glucose.

We found that patients in the hyperglycemic subgroup were older than those in the nonhyperglycemic subgroup in
terms of age and age of onset, and previous studies have shown that morbidity and mortality in diabetes are age-related.?’

Similar to previous studies,***3°

we found a higher rate of patients with a history of suicidal behavior in the
hyperglycemic subgroup. Uncontrolled blood glucose may lead to suicidal thoughts and suicidal thoughts may promote
insulin resistance.>' >? In terms of psychopathological and psychological symptoms, the hyperglycemic group was also
more severe, which is also consistent with previous findings.?****> In animal and clinical trials, it is found that
3%37 the hypotha-

lamus and its nucleus accumbens,®® the HPA axis,” and MDD and hyperglycemic co-morbidity genes.** We also

hyperglycemia may affect patients’ mood and behavior by affecting the hippocampus and amygdala,

observed that waist circumference, other metabolic index levels and blood pressure were also higher in the hypergly-
cemic group than in the non-hyperglycemic subgroup, which is similar to the results of some previous studies,?'**
suggesting that the overall metabolic level of patients with comorbid hyperglycemic MDD was disturbed, and interac-
tions between different metabolic disorders have been found.?>**'*° We also found that the hyperglycemic subgroup had
a shorter duration of disease and a lower level of education. However, these did not differ significantly in some other

studies,>***

which may be related to differences in the study population and for the classification of education level.
In our study, we found that age, disease course, TSH and TG were influential factors for co-morbid hyperglycemia in
MDD patients. The effect of increasing age on elevated blood glucose levels may involve adipose tissue dysfunction,
cellular senescence, inflammation, endogenous cannabinoids, intestinal permeability, and mitochondrial dysfunction.?’
Elevated TSH levels and TG levels are consistent with the results of other studies.***' Thyroid hormone function is
closely related to glycemia, and elevated TSH levels in particular may cause metabolic abnormalities in MDD patients,
including elevated blood glucose, obesity, elevated LDL-C, and metabolic syndrome.*>*!*> TSH may cause insulin
4259 endothelial

among others. Similar to the

resistance and glucose dysregulation, where mechanisms include hepatic endoplasmic reticulum stress,
dysfunction, and inhibition of lipid triglyceride lipase leading to increased TG stores,”'-?
results of existing studies, we found that TG levels were also associated with hyperglycemia in patients.?'** There is
a close relationship between hyperglycemia and hyperlipidemia.**** On the one hand, hyperglycemia may lead to
elevated lipids through conversion to lipids.>* On the other hand, TG levels have been shown to be a marker of insulin
resistance and may predict the risk of impaired fasting glucose concentrations.” Of course, age, TG, and TSH also
interact with each other, and we speculate that this may be somewhat related to the patient’s elevated blood sugar.>* In
the study findings, course of disease was a protective factor for comorbid hyperglycemia in patients with MDD who were
hospitalized for the first time. One study finds abnormal glucose tolerance in the early stages of depression.”> However,
other studies have not found significant differences in the course of disease between first-time or first-treatment MDD
patients with elevated glucose and MDD patients with normal glucose.>*** This variability in outcomes may be related to
differences between the enrolled samples. In our study, the patients were all first-time hospitalized MDD patients,
64.83% had received medication prior to admission, and the shorter disease course may be related to acute inflammatory
or metabolic reactions associated with the administration of antidepressants.>®

One study finds that the combination of TSH levels and TSH, TG, thyroglobulin antibody (TgAb), and thyroid
peroxidase antibody (TPOAD) can distinguish overweight or obese MDD patients with elevated fasting glucose.**
Although the study findings were not entirely consistent with this study, this may be due to differences in the population
we included and the selected serological data content. Our study further reported that age, course of disease, TSH levels,
and TG levels had a good combination diagnostic capability for hyperglycemia in first-time hospitalized MDD patients.

According to the results of our study, it is necessary to pay attention to the patient’s age and disease duration in
clinical practice, and at the same time, it is possible to monitor and control the patient’s TSH level and TG level, which
can help to detect the elevation of the patient’s blood glucose level in a timely manner, and control the blood glucose as

soon as possible, so as to avoid any further impact on the patient’s prognosis.
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There are some limitations in our study. Firstly, this study was a cross-sectional study, so it could only analyze the
prevalence of hyperglycemia and related factors in first hospitalized MDD patients, but unable to draw a causal relationship.
Subsequent studies should be conducted longitudinally to further investigate the relationship between associated factors and
glucose metabolism in first-time hospitalized MDD patients. Secondly, in this study, we did not collect data on glycated
hemoglobin (HbA1c) and oral glucose tolerance test (OGTT), which are more sensitive than fasting glucose,”” so we were
unable to fully cover hyperglycemia in patients with MDD who were hospitalized for the first time. Furthermore, since our
study population may have had a past history of outpatient treatment, and we did not control for the effects of age, TG, and
TSH on each other, these factors may have confounded the results of the study. We will further control for these
interferences in subsequent studies. Finally, we did not collect data on diet, exercise, and sedentary lifestyles, which
have a large metabolic impact, and this is a part of the study that needs to be included in the future.

Conclusion

The study findings suggest that the prevalence of hyperglycemia is not high in patients with MDD who are hospitalized
for the first time. Age, TSH levels, TG levels and course of disease were factors associated with hyperglycemia in first-
time hospitalized MDD patients.
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