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Background: Lipid metabolism is associated with glucose metabolism, but whether there are variations between sexes in risk factors and prevalence of abnormal lipid metabolism in major depressive disorder (MDD) patients with glucose metabolism abnormalities remains ambiguous. In the present study, the frequency and risk factors of dyslipidemia in first-episode and drug-naïve (FEDN) MDD patients with dysglycemia were examined according to sex.

Methods: One thousand seven hundred and eighteen FEDN MDD patients were recruited and their demographic data, clinical data, various biochemical indicators and scale assessment scores including 17-item Hamilton Rating Scale for Depression (HAMD-17), 14-item Hamilton Anxiety Rating Scale (HAMA-14), and positive subscale of the Positive and Negative Syndrome Scale (PANSS) were collected.

Results: The prevalence of abnormal lipid metabolism in both male and female MDD patients with abnormal glucose metabolism was higher than that in patients without abnormal glucose metabolism. Among male MDD patients with abnormal glucose metabolism, TC was positively correlated with HAMD score, TSH and TgAb levels, but negatively correlated with PANSS positive subscale scores. LDL-C was positively correlated with TSH and BMI, but negatively correlated with PANSS positive subscale scores. HDL-C was negatively correlated with TSH levels. Among females, TC was positively correlated with HAMD score, TSH, and BMI, but negatively correlated with PANSS positive subscale score. LDL-C was positively correlated with HADM score and negatively correlated with FT3 level. HDL-C was negatively correlated with TSH and BMI levels.

Conclusion: There are sex differences in the correlated factors of lipid markers in MDD patients with impaired glucose.
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1. Introduction

Major depressive disorder (MDD), one of the most prevalent mental diseases, is a significant global source of disability and places a significant economic burden on society as a whole (1). MDD can depress patients’ mood and severely impair their cognitive function, social skills, and sleep (2). The exact etiology of MDD is unknown, and current research still cannot accurately and independently explain its pathogenesis. It is generally accepted that MDD is caused by social, psychological, and physiological causes, with genetics accounting for approximately 35% of the cases (2).

Epidemiological studies in several countries have shown a high prevalence of MDD. In a large national comorbidity survey in the United States, the lifetime prevalence of MDD reached 20.6% (3). At the same time, treatment rates are generally low in patients with MDD. A large epidemiological survey in China showed that less than 10% of MDD patients are adequately treated (4). On the other hand, about 20–40% of treated patients do not respond significantly to antidepressants (5). In conclusion, MDD has become a serious social problem due to its high morbidity, disability, treatment difficulties, high relapse rate, and relatively low treatment rate.

Patients with MDD have a high prevalence of abnormal glucose and lipid metabolism, which may be related to their antidepressant medication and usual poor diet (6). On the other hand, depression and abnormal glucose and lipid metabolism may share a common emergency system response, such as the hypothalamic-pituitary-adrenal axis, which also predispose MDD patients to lipid metabolism disorders (7). In addition, some studies have also found that suicidal tendencies in MDD patients may be related to their blood glucose levels, which are higher in suicidal MDD patients (8, 9). The findings of Watson et al. suggest a strong association between insulin resistance and depression by exploring the relationship between three surrogate measures of insulin resistance and the incidence of MDD. They found that the higher the three indexes, the higher the prevalence of MDD, and all three surrogate measures can positively predict the occurrence of major depression (10). Steiner et al. also revealed a possible causal relationship between first-episode depression and long-term impaired glucose/insulin homeostasis (11). Some studies suggest that metabolic risk factors such as hyperlipidemia can increase the risk of depression, and lipid metabolism disorders may accelerate the development of depression-like behaviors (12, 13).

Many studies have revealed sex differences in depression. For example, some studies have confirmed that depression is more common in women than in males, but men have higher rates of suicide than women (14, 15). Li et al. showed that women with depression have higher BMI and total adiposity than men, while men have higher visceral adiposity (16). In addition, there are significant sex differences in the incidence, symptom presentation, and treatment response of depression, and Labonté’s team found that these sex differences in depression may be associated with sex differences at the transcriptional level (17).

Sexes differ significantly in impaired glucose metabolism. Impaired fasting glucose is more common in males with prediabetes syndrome, but impaired glucose tolerance is more common in women. Globally, males are more likely than females to have type 2 diabetes. Also, men are more likely to develop diabetes before puberty, while women are more likely to develop diabetes after menopause (18). And there are also sex differences in lipid metabolism. For example, Magkos and Mittendorfer found that women had lower triglyceride concentrations than men (19). There are sex differences in both cholesterol and triglyceride metabolism, which may be related to the action of endogenous sex hormones (20).

However, to our knowledge, there are no reports on whether the prevalence and risk factors for abnormal lipid metabolism differ between males and females in MDD patients with dysglycemia. The aim of the present study was to explore sex differences in the prevalence of dyslipidemia and correlated factors of lipid markers in MDD patients with dysglycemia.



2. Materials and methods


2.1. Subjects

Cross-sectional research was used in this study. One thousand seven hundred and eighteen patients were recruited by the psychiatric department of the First Hospital of Shanxi Medical University from 2015 to 2017. The recruitment criteria were as follows: (1) age range: 18–60; (2) conforming to the diagnostic criteria for MDD in the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV); (3) first-episode and drug-naïve patients who had not received any antipsychotic or antidepressant medication; and (4) Chinese Han nationality. Exclusion criteria were as follows: (1) diagnosed with a mental illness other than MDD; (2) any organic brain disease; (3) history of drug dependence and alcohol dependence; (4) persistent infection, ongoing immunosuppressive therapy, or other serious physical illness; and (5) pregnant or breastfeeding women.

This study was approved by the Institutional Review Board of the First Hospital of Shanxi Medical University (No. 2016-Y27). A written informed consent form was signed by each patient after they had been apprised of the study’s procedures.



2.2. Demographic data

In this study, basic information about each patient was collected by a trained physician in the form of a questionnaire, including age, duration of illness, sex, marriage status, and educational background. Body mass index (BMI) was calculated for each patient by dividing weight (kg) by the square of height (m2). To ensure the accuracy of the information, the information was checked with each patient’s guardians or relatives.



2.3. Clinical assessment

To gauge the severity of patients’ depression, the 17-item Hamilton Depression Scale (HAMD-17) was employed, which has been demonstrated to have strong reliability and validity among Chinese population (21). In current research, a HAMD-17 score ≥ 24 was used as an evaluation criterion for MDD (22, 23).

In order to gauge the patients’ level of anxiety, the 14-item Hamilton Anxiety Rating Scale (HAMA-14) was employed, which has been proved to have good reliability and validity among Chinese population, too (24). The anxiety level of patients was classified according to the total HAMA score as follows: (1) no anxiety: HAMA score ≤ 7; (2) mild anxiety: 8 ≤ HAMA score ≤ 14; (3) moderate anxiety: 15 ≤ HAMA score ≤ 23; and (4) severe anxiety: HAMA score ≥ 24 (25).

To evaluate psychotic symptoms, we adopted the positive subscale of the Positive and Negative Syndrome Scale (PANSS) (8, 26). Patients were deemed to exhibit psychotic symptoms if they had a positive subscale score of 15 or above (27, 28).

In addition, patients were also investigated for suicidal behavior in the form of a questionnaire. All of the above patient assessment procedures were done separately by two trained physicians, which ensured the reliability of the scoring results.



2.4. Measurement of physical and biochemical parameters

All patients were asked to fast after 8 p.m. the previous night and to complete venous blood collection and blood pressure measurement between 6 and 8 a.m. the following morning. All collected blood samples were taken immediately to the hospital laboratory center and tested by 11 a.m. The biochemical parameters were tested included fasting blood glucose (FBG), total serum cholesterol (TC), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C). low-density lipoprotein cholesterol (LDL-C), thyroid stimulating hormone (TSH), free triiodothyronine (FT3), free thyroxine (FT4), anti-thyroglobulin antibody (TGAb), and thyroid peroxidase antibody (TPOAb). FBG, TC, TG, HDL-C, and LDL-C were measured by ARCHITECT C8000 System (Abbott Laboratories, Irving, TX, USA). Blood pressure was measured by Omron HBP-1300 electronic manometer. FT3, FT4, TSH, TgAb, and TPOAb were detected by Roche C6000 Electrochemiluminescence Immunoassay Analyzer (Roche Diagnostics, Indianapolis, IN, USA). The diagnostic criteria were as follows: (1) abnormal glucose metabolism: FBG > 6.1 mmol/l; (2) abnormal lipid metabolism: TC ≥ 5.2 mmol/l or TG ≥ 1.7 mmol/l or LDL-C ≥ 3.4 mmol/l or HDL-C < 1.0 mmol/l (29); (3) hypertension: diastolic blood pressure ≥ 90 mmHg or systolic blood pressure ≥ 140 mmHg.



2.5. Statistical analysis

All statistical analysis for this study was run on SPSS 25.0. The Shapiro–Wilk Test was applied to assess the normality of all continuous variables. All hierarchical variables and non-normally distributed continuous variables were subjected to the Mann–Whitney U Test, while normally distributed continuous variables were subjected to the Analysis of Variance (ANOVA). All categorical variables were subjected to the Chi-Square Test. Univariate analysis was performed with the presence of abnormal glucose metabolism as the dependent variable in male and female patients to explore the sex differences in the prevalence and risk factors of depression patients with abnormal glucose metabolism. Finally, we performed multiple linear regression with each of the four lipid indicators (TC, TG, LDL-C, HDL-C) as dependent variables to analyze their correlation with clinical and biochemical indicators. The threshold for statistical significance of the results was P < 0.05.




3. Results


3.1. Sex differences in prevalence of abnormal lipid metabolism in MDD patients with and without abnormal glucose metabolism

Between male and female MDD patients, there were no appreciable differences in the prevalence of impaired glucose metabolism, which was 12.59% (74/588) and 14.16% (160/1130), respectively. According to Table 1, male and female MDD patients with glucose metabolism abnormalities had higher HAMD score, HAMA score, PANSS positive subscale score, TSH, TC, TG, LDL-C, systolic and diastolic blood pressure levels, as well as greater rates of psychotic symptoms, abnormal lipid metabolism, and hypertension but lower HDL-C levels compared with patients of the same sex without glucose metabolism abnormalities.


TABLE 1    Sociodemographic and clinical characteristics of male and female MDD patients with and without abnormal glucose metabolism.
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3.2. Prevalence of abnormal lipid metabolism in MDD patients with and without abnormal glucose metabolism

The probability of abnormal lipid metabolism in male MDD patients with and without comorbid abnormal glucose metabolism was 90.54% (67/74) and 78.02% (401/514), respectively, with significant differences (P < 0.05). Similarly, the probability of abnormal lipid metabolism in female MDD patients with and without abnormal glucose metabolism was 93.13% (149/160) and 80.00% (776/970), respectively, with a significant difference (P < 0.001).



3.3. Sex differences in factors influencing lipid indicators in MDD patients with abnormal glucose metabolism

According to Supplementary Tables 1–4, in male MDD patients with abnormal glucose metabolism, HAMD score (β = 0.40, P < 0.05, 95% CI: 0.06–0.23, VIF = 2.06) and PANSS positive subscale score (β = −0.46, P < 0.05, 95% CI: −0.15 to −0.04, VIF = 2.36), TSH (β = 0.45, P < 0.001, 95% CI: 0.09–0.29, VIF = 2.13), and TgAb (β = 0.24, P < 0.05, 95% CI: 0.0002–0.002, VIF = 1.54) were significantly associated with TC. PANSS positive subscale score (β = −0.33, P < 0.05, 95% CI: −0.11 to −0.001, VIF = 2.36), TSH (β = 0.41, P < 0.05, 95% CI: 0.03–0.24, VIF = 2.13), and BMI (β = 0.31, P < 0.05, 95% CI: 0.02–0.19, VIF = 1.26) were significantly associated with LDL-C. TSH (β = −0.37, P < 0.05, 95% CI: −0.08 to −0.008, VIF = 2.13) was significantly associated with HDL-C. There was no significant correlation between TG and any of the indicators.

However, in female MDD patients with abnormal glucose metabolism, HAMD score (β = 0.54, P < 0.001, 95% CI: 0.16–0.29, VIF = 1.66), PANSS positive subscale score (β = −0.18, P < 0.05, 95%CI: −0.07 to −0.002, VIF = 2.11), TSH (β = 0.31, P < 0.001, 95% CI: 0.06–0.20, VIF = 1.82), and BMI (β = 0.16, P < 0.01, 95% CI: 0.03–0.17, VIF = 1.06) were significantly correlated with TC. HAMD score (β = 0.39, P < 0.001, 95% CI: 0.07–0.20, VIF = 1.66) and FT3 (β = −0.16, P < 0.05, 95% CI: −0.45 to −0.007, VIF = 1.15) were significantly correlated with LDL-C. TSH (β = −0.25, P < 0.05, 95% CI: −0.05 to −0.005, VIF = 1.82) and BMI (β = −0.18, P < 0.05, 95% CI: −0.05 to −0.003, VIF = 1.06) were significantly associated with HDL-C. And BMI (β = 0.178, P < 0.05, 95% CI: 0.01–0.18, VIF = 1.06) was significantly associated with TG.




4. Discussion

To the best of our knowledge, the present study is the first large-scale study to compare sex differences in the prevalence and associated factors of abnormal lipid metabolism in FEDN MDD patients with abnormal glucose metabolism. We found that in FEDN MDD patients, the prevalence of abnormal lipid metabolism was significantly higher in those with abnormal glucose metabolism, and there was no sex difference.

Since different disease progression and antipsychotics or antidepressants taken by depressed patients have significant effects on blood glucose and blood lipids, patients with FEDN MDD were included in the present study to exclude drug interference on blood glucose and blood lipids.

Major depressive disorder patients with abnormal glucose metabolism have a higher prevalence of abnormal lipid metabolism, which is consistent with most previous findings. Many studies have confirmed that dyslipidemia is very common in patients with type 2 diabetes, mainly manifested as high TG and low HDL-C, and there is little sex difference. Insulin resistance may be one of the main causes of abnormal lipid metabolism in patients with abnormal glucose metabolism (30, 31).

The association between BMI and abnormal lipid metabolism is easy to understand. The higher the BMI, the more severe the obesity. There is a close relationship between obesity and abnormal lipid metabolism. Many studies have revealed a close correlation between high BMI and abnormal lipid metabolism (32, 33). In the present study, we found a significant association between high BMI and abnormal lipid metabolism only in female MDD patients with abnormal glucose metabolism. The study of Zheng found that in the Chinese children population, the correlation between BMI value and dyslipidemia in males was more significant than that in females (34). The reason for these sex differences may be related to sample heterogeneity.

Many studies have pointed out that there is a close relationship between thyroid function and lipid metabolism, and dyslipidemia may be aggravated with the increase of TSH level. At the same time, patients with autoimmune thyroid disease are more likely to have abnormal lipid metabolism (35–38). It has been suggested that triiodothyronine may affect lipid turnover in adipocytes through the hypothalamus and other central nervous systems, and that TSH can regulate lipid metabolism by controlling lipogenesis and breakdown (36).

Some previous studies have also reported sex differences in the association between thyroid function and abnormal lipid metabolism. For example, the study by Wu et al. revealed that metabolic disorders were associated with increased positive levels of thyroid autoantibodies with sex differences. Females with TgAb+ have higher TC and LDL-C levels (39). While Zhang’s group found that TgAb+ may be a protective factor against hypertriglyceridemia in females, but not in males (40). In the present study, the association between dyslipidemia and thyroid function in MDD patients with abnormal glucose metabolism was different by sex.

We suggest that this sex difference may be due to the following reasons. On the one hand, it may be because of the sex difference in leptin levels in the body. Leptin plays an important role in glucose and lipid metabolism. Leptin can regulate glucose metabolism through the mediation of central and peripheral tissues and under the influence of the activation of insulin signaling pathway. In addition, leptin in central and peripheral tissues can also reduce the accumulation of ectopic fat and play a role in regulating lipid metabolism (41). Several studies have revealed large sex differences in the magnitude of leptin’s effects (41). The second reason may be due to sex differences in endogenous sex hormones. Many studies have confirmed that endogenous sex hormones have profound effects on lipid metabolism. TC and TG are all regulated by endogenous androgens and estrogens, and this complex regulatory mechanism is carried out in a variety of tissues and mediated effects (20, 42). And the third reason may be due to the sex differences in liver gene expression. Several studies have found that there are obvious sex differences in the expression of more than 1,000 human liver genes, among which the sex differences in the expression of genes related to lipid metabolism may also be one of the important reasons for the sex differences in dyslipidemia related factors in MDD patients with abnormal glucose metabolism (42).

Our study also has some limitations. First, all patients recruited in this study were from the same neighboring area, so the results may not be representative of other areas. Second, the present research was cross-sectional in nature and could not explain the causal relationship between abnormal lipid metabolism and various factors. Third, adverse lifestyle factors such as lack of exercise and adverse dietary habits such as binge eating in MDD patients can have a serious impact on glucose and lipid metabolism. Because these factors are difficult to quantify, the effects of diet and lifestyle on glucose and lipid metabolism and other clinical indicators in MDD patients were not investigated in this study. Fourth, in our present study, among MDD patients with abnormal glucose metabolism, there was a large difference in the number of patients with and without abnormal lipid metabolism, which may affect the statistical results. Finally, this study did not establish a healthy control group to explore the differences in glucolipid metabolism between male and female MDD patients and healthy controls.
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