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Purpose: To explore the relationship between long-term glycemic variability and anxiety and depression in patients with type 2 
diabetes.
Participants and Methods: A cohort comprising 214 individuals diagnosed with type 2 diabetes participated in this study. 
Comprehensive demographic and laboratory information was gathered for them. The evaluation of anxiety relied on the 7-item 
Generalized Anxiety Disorder Scale (GAD-7), while depression was assessed utilizing the 9-item Health Questionnaire (PHQ-9). 
Based on the presence or absence of anxiety and depression, participants were categorized into either the mood disorder or control 
groups. Subsequently, univariate and stepwise multiple binary logistic regression analyses were conducted to investigate the potential 
correlations between factors and the presence of anxiety and depression.
Results: The prevalence of anxiety disorders is 23%, and depression is 32%. The prevalence of smoking, diabetic autonomic neuropathy, 
stroke, and osteoporosis in the mood disorder group was significantly higher than that in the control group (P < 0.05), the glycated hemoglobin 
A1c variability score (HVS), mean hemoglobin A1c value, total cholesterol, urinary albumin/creatinine and systemic immune-inflammatory 
index (SII) were significantly higher in the control group (P < 0.05). The level of high-density lipoprotein in the mood disorder group was 
significantly lower than the control group (P < 0.05). In stepwise multiple binary logistic regression analyses, the main factors associated with 
anxiety were depression (P < 0.001, OR=117.581) and gender (P < 0.001, OR=9.466), and the main factors related to depression included 
anxiety (P < 0.001, OR=49.424), smoking (P=0.042, OR=2.728), HVS (P=0.004, OR=8.664), and SII (P=0.014, OR=1.002).
Conclusion: Persistent fluctuations in blood glucose levels have been linked to anxiety and depression. Consequently, maintaining an 
optimal level of glycemic control and minimizing fluctuations becomes imperative in the comprehensive management of diabetes.
Keywords: type 2 diabetes, anxiety, depression, long-term glycemic variability

Introduction
Diabetes, a pervasive chronic ailment, bears significant and far-reaching implications. The most recent statistics from the 
International Diabetes Federation (IDF) reveal that in 2021, the worldwide prevalence of diabetes among adults stood at 
a staggering 536.6 million individuals, constituting 10.5% of the global population. Projections for the year 2045 paint an 
even more concerning picture: 783.2 million (12.2%) people will have diabetes worldwide.1 Moreover, within China, the 
most recent estimations have witnessed a notable surge in the prevalence of diabetes mellitus, surging from 10.9% in 
2013 to a marked 12.4% in 2018,2 significantly higher than the global average. Studies have shown that anxiety and 
depressive disorders in diabetic patients may be twice as high as in the general population.3 Diabetic individuals 
grappling with concurrent mood disorders exhibit diminished treatment adherence, suboptimal blood glucose 
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management, elevated complication rates, lower quality of life, and elevated mortality risk compared to their counterparts 
within the ordinary diabetic population.4

Recently, there has been an interest in mental health and the influence of glucose variability on clinical outcomes in 
diabetes. This variability encompasses short-term fluctuations in blood glucose levels, including intra-day and inter-day 
variability, and long-term changes in blood glucose variability over extended periods.5 Experimental findings show that 
intermittent hyperglycemia catalyzes oxidative stress of microvascular and macrovascular complications compared to 
persistent hyperglycemia. Furthermore, hyperglycemia may be cheerful with the development of anxiety and 
depression.6,7 The fluctuations in blood glucose levels and psychological disorders exert unequivocal and detrimental 
effects on the prolonged outcomes of individuals with type 2 diabetes mellitus.8–10 Some studies have linked hypergly-
cemia and poor glycemic control to anxiety and depression,11–13 but other studies have found no correlation between 
glycemic control and mood problems.14,15 The correlation between blood glucose levels and anxiety and depression is 
inconsistent, and few are concerned about long-term blood sugar fluctuations.

This article investigates the prevalence of anxiety and depression among individuals diagnosed with type 2 diabetes 
mellitus and its relationship with prolonged blood glucose fluctuations. Timely identification and intervention in patients 
with type 2 diabetes who also exhibit mood disorders are expected to improve clinical outcomes.

Participants and Methods
Participants
This study consisted of patients with type 2 diabetes under treatment and follow-up care at the Second Affiliated Hospital 
of Anhui Medical University between February and May 2023. Based on screening psychological tools, these patients 
were categorized into the presence or absence of mood disorders, with the mood disorder group encompassing 
individuals with anxiety, depression, or a combination of both. The research adhered to the Declaration of Helsinki 
and received approval from the Ethics Committee of the Second Affiliated Hospital of Anhui Medical University (Ethics 
number YX2023-068). All subjects signed informed consent before starting the investigation.

Inclusion criteria comprised: (1) Patients diagnosed with type 2 diabetes mellitus;16 (2) Individuals aged 18 to 75 years; 
(3) Glycated hemoglobin (HbA1c) was measured at least three times in the year prior to enrollment; (4) Stable diabetes 
regimen for at least three months prior to enrollment. Exclusion criteria encompassed were: (1) Special forms of diabetes 
mellitus, such as maturity-onset diabetes of the young (MODY) and latent autoimmune diabetes in adults (LADA), 
gestational diabetes mellitus, and type 1 diabetes mellitus; (2) Patients experiencing acute diabetic complications, such as 
diabetic ketoacidosis and hyperosmotic hyperglycemia syndrome; (3) Concurrent severe medical conditions, such as 
significant cardiovascular and cerebrovascular diseases or cancer; (4) History of drug abuse, psychiatric conditions, or 
misuse of psychoactive substances; (5) Patients facing communication challenges or severe audio-visual impairments.

Data Collection
Comprehensive demographic and clinical data were documented: gender, age, body mass index (BMI), years of education, 
occupation, smoking and alcohol history, diabetes duration, glucose-lowering regimen, diabetic complications, and concurrent 
medical conditions. Laboratory parameters, including current fasting blood glucose (FPG), postprandial 2-hour blood glucose 
(PBG), fasting c-peptide, glycated hemoglobin (HbA1c), total cholesterol (TC), triglycerides (TG), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), alanine aminotransferase (ALT), alanine transaminase 
(AST), uric acid (UA), urinary albumin/creatinine ratio (ACR), and systemic immune-inflammatory index (SII), were 
collected from the study participants. The insulin resistance index (HOMA-IR) was calculated using HOMA2 v2.2.3 
(available at homacalculator/https://www.dtu.ox.ac.uk/), and glomerular filtration rate (eGFR) was determined as well.

Anxiety and Depression Assessment
The 9-item Health Questionnaire (PHQ-9) consists of nine items, each measured using a 0 to 3, with total scores ranging 
from 1 to 27. A score of ≥5 indicates the presence of a depressive state. The PHQ-9 contains items based on the DSM-IV 
diagnostic criteria for major depressive disorder.17
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The 7-item Generalized Anxiety Disorder Scale (GAD-7) consists of seven items, each measured using a score of 0 to 3. Its 
total score ranges from 0 to 21. The GAD-7 is a sound detection tool for GAD. A participant with a score of ≥ 5 indicates the 
presence of an anxiety state—the GAD-7 scale items based on DSM-IV criteria for generalized anxiety disorder.18

Long-Term Blood Glucose Fluctuations
In this study, the glycated hemoglobin A1c variability score (HVS) used as the evaluation index of long-term blood 
glucose fluctuation, namely, the number of HbA1c changes ≥0.5% from the previous time accounted for the percentage 
of the total number of HbA1c measurements. In clinical practice, individuals with an HVS of 60% or higher face 
a greater risk of multiple diabetes complications and death than their peers.19,20

Statistical Analysis
SPSS27. 0 (Statistical Product and Service Solutions, SPSS) was used for data management and analysis. Measurement 
data conforming to normal distribution were expressed as �x � s, and the T-test was used for intergroup comparisons. 
Measurement data with skewed distribution were described in median and interquartile range (P25, P75), and compar-
isons between groups were made using the U Mann–Whitney in nonparametric tests. Counting data was told by the 
number of instances, and the χ²-test was used for intergroup comparisons. Univariate logistic regression analyses were 
conducted to explore potential risk factors for anxiety and depression among patients diagnosed with type 2 diabetes 
mellitus. Variables with a significance level of p<0.05 were subsequently included as independent variables in stepwise 
multiple binary logistic regression analyses to ascertain their predictive significance regarding the occurrence of anxiety 
and depression in these patients. To assess the appropriateness of the stepwise multiple logistic regression model, the 
goodness of fit was evaluated employing the Hosmer-Lemeshow goodness-of-fit test, with a p-value exceeding 0.05 
indicative of a well-fitted model. The model’s ability to discern whether a patient exhibited symptoms of anxiety or 
depression was gauged by calculating the area under the receiver operating characteristic (ROC) curve. An area under the 
curve (AUC) exceeding 0.7 was considered indicative of an acceptable model fit. Statistically significant differences were 
defined as p<0.05.

Results
Demographic and Clinical Data of Patients from Different Groups
The total number of patients with mood disorders was 73, with a prevalence of 34.11%. There were 50 patients with 
anxiety, with a prevalence of 23%; 69 patients with depression, with a prevalence of 32%; and female type 2 diabetic 
patients were more prone to anxiety disorders. As shown in Table 1, the demographic comparison between the groups 
showed that the proportion of patients who smoked cigarettes and the prevalence of diabetic autonomic neuropathy, 
stroke, and osteoporosis were significantly higher in the group with mood disorders than in the control group (P < 0.05). 
There was no significant difference in the type of glucose-lowering medication used between the two groups (P > 0.05). 
Moreover, the glycated hemoglobin A1c variability score (HVS), average glycated hemoglobin value, total cholesterol 
(TC), urinary albumin/creatinine ratio (ACR), and systemic immune-inflammatory index (SII) in T2DM patients with 
mood disorders were significantly higher than those in the regular group (P < 0.05). The level of high-density lipoprotein 
cholesterol (HDL-C) was significantly lower than that in the standard group (P < 0.05).

Univariate Analysis of Demographic and Clinical Indicators and Subject Anxiety
A logistic one-way regression analysis was conducted to explore the relationship between demographic and clinical 
indicators and the presence of anxiety (Table 2). Gender, years of education, depression, stroke, HVS, TC, and SII were 
associated with anxiety (P < 0.05). Conversely, no significant correlations were observed between anxiety and variables 
such as smoking, alcohol consumption, diabetes duration, or diabetes-related complications (P > 0.05).
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Table 1 Comparison of Demographics and Clinical Indicators Between Groups

Mood Disorders Group 
(N=73)

Regular Group 
(N=141)

T/Z/χ2 p

Gender

Male 43 84 0.009 0.925

Female 30 57

Age (years)

<60 38 71 −0.220 0.826

≥60 35 70

Occupation

Unemployed 29 44 1.758 0.415

Working 29 60

Retired 15 37

Education (years)

<9 24 38 −0.885 0.376

9–12 31 64

>12 18 39

Diabetes duration (years)

<5 16 41 −1.855 0.064

5–10 31 63

>10 26 37

BMI (kg/m²)

<25 35 53 −1.332 0.183

25–30 32 67

>30 6 17

Smoking

NO 45 115 10.113 <0.001***

YES 28 26

Drinking

NO 53 91 1.421 0.233

YES 20 50

Diabetic complications

Vascular Disease

No 11 22 0.011 0.918

YES 62 119

(Continued)
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Table 1 (Continued). 

Mood Disorders Group 
(N=73)

Regular Group 
(N=141)

T/Z/χ2 p

DPN

No 23 48 0.139 0.709

Yes 50 93

Autonomic neuropathy

No 57 126 4.940 0.026*

YES 16 15

DR

No 52 98 0.069 0.793

Yes 21 43

DKD

No 53 109 0.578 0.447

Yes 20 32

Hypertension

No 31 60 0.000 0.990

Yes 42 81

Coronary heart disease

No 64 129 0.792 0.373

Yes 9 12

Stroke

No 55 132 14.569 <0.001***

Yes 18 9

Osteoporosis

No 65 136 4.632 0.031*

Yes 8 5

Treatment

Lifestyle interventions 2 8 0.930 0.335

Oral medication 33 74 1.019 0.313

Insulin 33 53 1.161 0.281

GLP-1RA 7 13 0.008 0.930

HVS (%) 67% (50%, 100%) 33% (0, 50%) −5.740 <0.001***

Mean HbA1c (%) 8.54(7.98, 9.62) 8.18(7.25, 9.03) −2.154 0.031*

HOMA-IR 2.25(1.50, 3.70) 2.78(1.62, 3.24) −0.007 0.994

(Continued)
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Table 1 (Continued). 

Mood Disorders Group 
(N=73)

Regular Group 
(N=141)

T/Z/χ2 p

FPG (mool/l) 7.44(6.61, 9.19) 7.41(6.18, 9.40) −0.798 0.425

PBG (mmol/l) 16.27(13.58, 19.41) 15.78(12.48, 19.51) −1.318 0.187

ALT (U/L) 17.00(12.00, 34.50) 18.00(13.75,27.00) −0.563 0.570

AST (U/L) 19.00(15.00, 25.25) 18.00(16.00, 24.25) −0.707 0.480

TC (mmol/l) 4.88±1.21 2.48±1.24 2.253 0.025*

TG (mmol/l) 1.36(1.00, 1.85) 1.46(0.99, 2.19) −0.057 0.954

LDL-C (mmol/l) 2.80(2.13, 3.47) 2.83(2.31, 3.43) −0.798 0.425

HDL-C (mmol/l) 1.05(0.83, 1.25) 1.17(1.02, 1.42) −2.842 0.004**

UA (umol/l) 318.35±82.21 330.28±92.35 −0.925 0.356

eGFR (mL/min/1.73m²) 96.93(87.58, 106.98) 100.49(90.52, 109.98) −0.752 0.452

ACR (mg/g) 30.17(17.45, 71.87) 24.23(14.55, 59.66) −2.190 0.029*

SII (*10^9/L) 422.14(320.19, 536.39) 289.74(234.09, 388.23) −5.330 <0.001***

Notes: *p < 0.05; **p < 0.01; ***p < 0.001. 
Abbreviations: DPN, diabetic peripheral neuropathy; DR, diabetic retinopathy; DKD, diabetic kidney disease.

Table 2 Relationship Between Demographic and Clinical Indicators and 
Anxiety

OR 95% CI P

Gender

Male 1

Female 2.265 1.191–4.309 0.013*

Age (years)

<60 1

≥60 0.946 0.502–1.782 0.863

Occupation

Unemployed 1

Working 0.629 0.309–1.282 0.202

Retired 0.485 0.202–1.164 0.105

Education (years)

<9 1

9–12 0.431 0.205–0.906 0.026*

>12 0.509 0.223–1.162 0.109

(Continued)
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Table 2 (Continued). 

OR 95% CI P

Diabetes duration (years)

<5 1

5–10 0.828 0.363–1.890 0.654

>10 1.875 0.822–4.277 1.875

BMI (kg/m²)

<25 1

25–30 0.807 0.416–1.564 0.525

>30 0.400 0.109–1.469 0.167

Depression

No 1

Yes 52.500 18.924–124.647 <0.001***

Smoking

NO 1

YES 1.374 0.680–2.776 0.377

Drinking

NO 1

YES 0.502 0.239–1.053 0.068

Diabetic complications

Vascular Disease

No 1

YES 0.944 0.396–2.249 0.897

DPN

No 1

Yes 0.953 0.488–1.862 0.888

Autonomic neuropathy

No 1

YES 1.417 0.606–3.314 0.422

DR

No 1

Yes 0.509 0.237–1.095 0.084

DKD

No 1

yes 1.126 0.544–2.330 0.749

(Continued)
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Table 2 (Continued). 

OR 95% CI P

Hypertension

No 1

Yes 0.924 0.488–1.751 0.809

Coronary heart disease

No 1

Yes 0.752 0.241–2.347 0.624

Stroke

No 1

Yes 5.429 2.336–12.617 <0.001***

Osteoporosis

No 1

Yes 3.058 0.978–9.568 0.055

HVS (%) 4.590 1.710–12.322 0.002**

Mean HbA1c (%) 1.044 0.831–1.311 0.711

HOMA-IR 1.073 0.846–1.362 0.562

FPG (mool/l) 1.039 0.901–1.197 0.602

PBG (mmol/l) 1.063 0.983–1.149 0.127

ALT (U/L) 0.996 0.977–1.015 0.692

AST (U/L) 1.005 0.980–1.030 0.693

TC (mmol/l) 1.389 1.068–1.808 0.014*

TG (mmol/l) 0.976 0.723–1.317 0.872

LDL-C (mmol/l) 1.073 0.774–1.489 0.672

HDL-C (mmol/l) 0.36 0.128–1.011 0.052

UA (umol/l) 0.998 0.994–1.001 0.225

eGFR (mL/min/1.73m²) 0.994 0.978–1.009 0.419

ACR (mg/g) 1 1.000–1.001 0.128

SII (*10^9/L) 1.002 1.001–1.003 0.002**

Treatment

Lifestyle interventions 0 0 0.999

Oral medication 1 0.531–1.884 1

Insulin 1.228 0.647–2.329 0.53

GLP-1RA 0.804 0.256–2.526 0.709

Notes: *p < 0.05; **p < 0.01; ***p < 0.001. 
Abbreviations: DPN, diabetic peripheral neuropathy; DR, diabetic retinopathy; DKD, dia-
betic kidney disease.
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Univariate Analysis of Demographic and Clinical Indicators and Subject Depression
In Table 3, a comprehensive analysis of demographic and clinical indicators was conducted using logistic one-way 
regression analysis to investigate their relationship with depression. The results revealed significant correlations between 
depression, such as smoking, anxiety, type 2 diabetic autonomic neuropathy, and stroke (P < 0.05). Among the clinical 

Table 3 Relationship Between Demographic and Clinical Indicators 
and Depression

OR 95% CI P

Gender

Male 1

Female 0.911 0.507–1.636 0.754

Age (years)

<60 1

≥60 0.929 0.524–1.649 0.802

Occupation

Unemployed 1

Working 0.823 0.430–1.577 0.558

Retired 0.568 0.258–1.248 0.159

Education (years)

<9 1

9–12 0.745 0.379–1.464 0.393

>12 0.721 0.335–1.551 0.402

Diabetes duration (years)

<5 1

5–10 1.511 0.721–3.170 0.274

>10 1.890 0.859–4.160 0.114

BMI (kg/m²)

<25 1

25–30 0.798 0.435–1.465 0.466

>30 0.618 0.221–1.725 0.358

Anxiety

No 1

Yes 52.500 18.924–145.647 <0.001***

Smoking

NO 1

YES 2.527 1.335–4.782 0.004**

(Continued)
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Table 3 (Continued). 

OR 95% CI P

Drinking

NO 1

YES 0.776 0.416–1.445 0.424

Diabetic complications

Vascular Disease

No 1

YES 1.322 0.579–3.021 0.507

DPN

No 1

Yes 0.990 0.539–1.819 0.973

Autonomic neuropathy

No 1

YES 2.240 1.034–4.850 0.041*

DR

No 1

Yes 0.937 0.499–1.758 0.839

DKD

No 1

yes 1.152 0.595–2.231 0.674

Hypertension

No 1

Yes 1.030 0.577–1.831 0.920

Coronary heart disease

No 1

Yes 1.662 0.665–4.157 0.277

Stroke

No 1

Yes 3.678 1.602–8.442 0.002**

Osteoporosis

No 1

Yes 2.616 0.844–8.103 0.096

HVS (%) 10.160 3.882–26.589 <0.001***

Mean HbA1c (%) 1.206 0.978–1.485 0.079

(Continued)
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parameters examined, glycated hemoglobin A1c variability score (HVS), total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C), and systemic immune-inflammatory index (SII) exhibited significant associations with depression 
(P < 0.05). In contrast, alcohol consumption, gender, diabetes duration, other diabetes-related complications, and various 
laboratory indices did not display notable associations with depression (P > 0.05).

Multifactorial Stepwise Multiple Binary Logistic Regression Analysis of Anxiety
In the stepwise multiple binary logistic regression analysis, influential factors that were clinically relevant to anxiety, 
along with common confounders such as smoking and alcohol consumption, were taken into account. As outlined in 
Table 4, the factors significantly associated with anxiety encompassed depression (P < 0.001, OR = 117.581) and gender 
(P < 0.001, OR = 9.466). The logistic regression model exhibited a Hosmer-Lemeshow goodness-of-fit test result of 

Table 3 (Continued). 

OR 95% CI P

HOMA-IR 1.076 0.869–1.333 0.500

FPG (mool/l) 1.083 0.952–1.230 0.225

PBG (mmol/l) 1.065 0.992–1.143 0.082

ALT (U/L) 0.998 0.982–1.015 0.840

AST (U/L) 0.999 0.976–1.024 0.963

TC (mmol/l) 1.320 1.038–1.697 0.023*

TG (mmol/l) 0.954 0.727–1.253 0.736

LDL-C (mmol/l) 1.160 0.861–1.563 0.330

HDL-C (mmol/l) 0.386 0.154–0.972 0.043*

UA (umol/l) 0.999 0.995–1.002 0.435

eGFR (mL/min/1.73m²) 0.995 0.981–1.009 0.512

ACR (mg/g) 1.000 1.000–1.001 0.154

SII (*10^9/L) 1.003 1.001–1.004 <0.001***

Treatment

Lifestyle interventions 0.222 0.028–1.790 0.158

Oral medication 0.741 0.417–1.317 0.307

Insulin 0.204 0.815–2.605 0.204

GLP-1RA 0.782 0.436–3.015 0.782

Notes: *p < 0.05; **p < 0.01; ***p < 0.001. 
Abbreviations: DPN, diabetic peripheral neuropathy; DR, diabetic retinopathy; DKD, 
diabetic kidney disease.

Table 4 Multifactorial Stepwise Multiple Logistic Regression Analysis of Anxiety

β SE Wald x² OR 95% CI P

Depression 4.767 0.706 45.562 117.581 29.457–469.344 <0.001***

Gender 2.248 0.657 11.700 9.466 2.611–34.316 <0.001***

Notes: ***p < 0.001.
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0.129, and the area under the ROC curve (AUC) was calculated at 0.916 (P < 0.001, 95% CI = 0.867–0.965), signifying 
the model distinguishing individuals experiencing anxiety.

Multifactorial Stepwise Multiple Binary Logistic Regression Analysis of Depression
In the stepwise multiple binary logistic regression analysis, we considered factors that held clinical significance 
concerning depression, in addition to accounting for standard confounding variables such as smoking and alcohol 
consumption, as identified in the single-factor analysis. In Table 5, depression displayed associations with anxiety (P 
< 0.001, OR=49.424), smoking (P=0.042, OR=2.728), glycated hemoglobin A1c variability score (HVS) (P=0.004, 
OR=8.664), and systemic immune-inflammatory index (SII) (P=0.014, OR=1.002). The logistic regression model’s 
assessment yielded a Hosmer-Lemeshow goodness-of-fit test result of 0.681, and the area under the ROC curve 
(AUC) was computed as 0.912 (P < 0.001, 95% CI=0.869–0.954). These findings underscore the model’s efficacy in 
discerning the presence of depression among the study participants.

Discussion
This article investigated the prevalence of anxiety and depression in patients with type 2 diabetes mellitus and examined 
its relationship to demographic and clinical indicators, particularly long-term blood glucose fluctuations.

Research findings indicate that the prevalence of anxiety disorders within the general population typically falls within 
the range of 7.3% to 25%.21–23 The INTERPRET-DD study, encompassing data from 3170 diabetes patients across 18 
countries, conducted an estimation that placed the prevalence of anxiety, encompassing all forms of anxiety disorders, at 
15%,24 and meta-analysis showed that the estimated prevalence of depression in patients with diabetes ranged from 18% 
to 46%.25 Moreover, 40% of diabetic patients suffer from increased anxiety.26 Our study encompassed a cohort of 214 
diabetic patients, among whom 50 individuals (23%) exhibited comorbid anxiety, while 69 individuals (32%) displayed 
comorbid depression. These prevalence rates closely align with those reported in previous studies. Prior research has 
indicated a relatively broad spectrum of prevalence rates for comorbid anxiety and depression. For instance, Anderson 
et al reported prevalence rates of comorbid depression in diabetic patients ranging from 11% to 30%, depending on 
whether standardized diagnostic interviews or self-report questionnaires were utilized.27

Mood disorders and diabetes demonstrate a dynamic interaction, with an interdependent relationship prevailing 
between anxiety and depression.23,28,29 Type 2 diabetes mellitus (T2DM) can elevate the likelihood of experiencing 
depressive symptoms to a certain degree, while conversely, depression can heighten the risk of developing T2DM.30 

Individuals exhibiting anxiety symptoms may face an elevated risk of developing type 2 diabetes. Conversely, those 
diagnosed with diabetes encounter a 41% higher risk of developing anxiety disorders than adults without diabetes.31 Our 
study showed that patients presenting with anxiety are more likely to be depressed when compared to individuals without 
such comorbidity and vice versa. This observation further underscores the bidirectional relationship between anxiety and 
depression in individuals with type 2 diabetes. Our findings align closely with those reported in a domestic study 
comprising 893 diabetic patients.32

Glycated hemoglobin falls short of capturing the nuances of glycemic fluctuations. In contrast, glycated hemoglobin 
A1c variability measures long-term blood glucose variability, presenting a potentially superior indicator of diabetes-related 

Table 5 Multifactorial Stepwise Multiple Logistic Regression Analysis of Depression

β SE Wald x² OR 95% CI P

Smoke 1.004 0.493 4.146 2.728 1.038–7.167 0.042*

SII 0.002 0.001 6.094 1.002 1.000–1.004 0.014*

HVS 2.159 0.741 8.493 8.664 2.028–37.014 0.004**

Anxiety 3.900 0.575 46.054 49.424 16.022–152.462 <0.001***

Notes: *p < 0.05; **p < 0.01; ***p < 0.001.
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risk. In our study, both the HVS and average HbA1c levels were notably elevated in patients diagnosed with type 2 diabetes 
mellitus with mood disorders. In the correlation analysis, only HbA1c variability was positively associated with depression. 
Furthermore, a cross-sectional study involving diabetic patients aged 20 to 75 demonstrated that poor self-perceived 
glycemic control was positively linked with anxiety but exhibited no significant correlation with depression scores.33 

A study of 179 T2DM patients also showed that anxiety was associated with poor glycemic control, while depression was 
not associated with it.34

Our stepwise multiple binary logistic regression unveiled that the glycated hemoglobin A1c variability score (HVS) 
was a significant and noteworthy risk factor for the co-occurrence of depression in type 2 diabetes mellitus. These are 
similar to the study of Alejandro et al, who observed a positive and statistically significant association between 
depression, anxiety, and HbA1c coefficient of variation (HbA1c-CV) among patients with type 1 diabetes.35 A study 
on elderly patients with type 2 diabetes also found that those with higher HbA1c variability were more likely to develop 
depressive symptoms.36 Moreover, short-term blood glucose fluctuations are also positively associated with anxiety and 
depression.13 Therefore, people with diabetes with high blood sugar fluctuations may be more prone to anxiety and 
depression disorders.

Extensive fluctuation range of blood glucose may affect oxidative stress, chronic low-grade inflammation, and 
endothelial dysfunction.37 Commonly, there are shared underlying mechanisms contributing to the development of 
depression and anxiety about factors such as lipid metabolism, advanced glycosylation products, neuroinflammation, 
and neurotransmitter imbalances.38 Our study findings indicated that the systemic immune-inflammatory index (SII) 
stands as a risk factor for individuals with type 2 diabetes combined with anxiety and depression. The systemic immune- 
inflammatory index (SII) is an objective gauge of the equilibrium between systemic inflammation and the immune 
response status within the host. This index considers the roles of neutrophils, platelets, and lymphocytes, each 
contributing to distinct immune and inflammatory pathways.39 In a follow-up study of patients after COVID-19 infection, 
baseline SII was positively correlated with depression and anxiety scores at follow-up.40 Another prospective research on 
type 2 diabetes showed that SII levels were associated with an increased risk of depression in diabetic patients.41 Our 
study findings align with prior research. This relationship is grounded in the response of activated inflammatory cells to 
blood sugar fluctuations, resulting in heightened secretion of inflammatory factors, including interleukin-6 (IL-6), 
interleukin-18 (IL-18), and tumor necrosis factor α (TNF-α).42,43 In contrast, tumor necrosis factor-α (TNF-α) and 
interleukin-6 (IL −6), interleukin-1β (IL-1β), and C-reactive protein (CRP) were increased in the blood, and cerebrosp-
inal fluid of depressed patients.44,45 Chronic neuroinflammation leads to immune dysregulation of the central nervous 
system and depressive episodes.46–48 Thus, the mechanisms leading to the development of mood disorders in type 2 
diabetes may be related to chronic low-grade inflammation.

Yang and others found that female patients were susceptible to anxiety, depression, and cognitive impairment.13 

A 4-year prospective study in Malaysia also similarly showed a higher prevalence of depression among female patients 
than males.49 Our study uncovered that female patients diagnosed with type 2 diabetes exhibited a heightened suscept-
ibility to anxiety disorders, although no gender disparity was observed among patients with depression. This observation 
may be attributed to the dominance of middle-aged and elderly individuals within our study cohort, who, in addition to 
facing social and familial pressures, are influenced by hormonal fluctuations characteristic of the perimenopausal 
period.50 Univariate analysis unveiled that patients with type 2 diabetes possessing a moderate level of education 
manifested a greater likelihood of experiencing anxiety symptoms. A Greek study involving 170 adults with type 2 
diabetes yielded congruent findings, indicating that individuals with primary school education were more prone to 
exhibiting symptoms of depression and anxiety when contrasted with their counterparts with higher education levels.51 

Nonetheless, when integrated into the stepwise multiple logistic regression model, education level did not emerge as an 
independent predictor of anxiety among individuals with type 2 diabetes. Conversely, the influence of smoking on 
depression remains a relatively less explored area in the literature. Our study showed that smoking patients were more 
likely to have depressive symptoms, a trend that resonates with the findings of Rubin et al. Their research suggested that 
individuals with depression often smoke to alleviate mood disturbances, while long-term smoking increases the incidence 
of depression.52
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Regarding cardiovascular disease and chronic complications of diabetes, this study showed that stroke was positively 
associated with anxiety and depression in patients with type 2 diabetes. A multicenter prospective study in the UK showed 
an increased risk of stroke in depressed patients,53 while Walter and others showed that survivors of stroke had an increased 
risk of depression,54 and patients with anxiety, which was similar to the results of this study.55 A meta-analysis has 
illuminated that individuals with diabetic complications, encompassing conditions such as diabetic retinopathy, nephro-
pathy, neuropathy, microvascular complications, and sexual dysfunction, exhibit an elevated likelihood of experiencing 
mood disorders.56 Nonetheless, this study exclusively established a heightened likelihood of depression among patients with 
type 2 diabetes who also had autonomic neuropathy, failing to identify significant correlations between depression and other 
chronic diabetic complications. This outcome could be attributed to our study cohort’s notably elevated prevalence of 
chronic diabetes-related complications. Furthermore, our study outcomes underscore the significance of abnormal lipid 
metabolism as a risk factor for anxiety and depression in individuals. Elevated blood lipid levels are closely intertwined 
with factors such as obesity and insulin resistance, which, in turn, can provoke anxiety and depression-like behaviors.57 

Abnormal blood lipid metabolism has been confirmed to be associated with various psychiatric disorders.58–61 

Consequently, in managing diabetes, it is necessary to strengthen the management of blood lipids.
The limitations of this study encompass: (a) As a single-center study, the prevalence of anxiety and depression cannot 

be generalized to the overall diabetic population in China; (b) The analysis of mood disorders in patients with type 2 
diabetes mellitus in this paper predominantly relies on basic demographic and laboratory indicators, with personality 
traits, quality of life, and religious beliefs remaining unexamined for their influence on the patient’s mood disorders; (c) 
This study adopts a cross-sectional retrospective approach, underscoring the necessity for future prospective studies to 
ascertain whether long-term glucose fluctuations can predict the onset of anxiety and depression in patients with type 2 
diabetes; (d) Finally, The univariate analysis screening (UAS) may mistakenly exclude essential covariates in the 
multiple logistic regression. Stepwise multifactor regression was employed to perform regression, beginning with 
significant predictors in the model. However, this approach may exclude other significant predictors from the final 
model, losing valuable information and potential predictive power.

Conclusion
Anxiety and depression represent prevalent complications in individuals with type 2 diabetes.3,30 These mood disorders 
are intricately linked to long-term blood glucose fluctuations, alongside additional risk factors such as dyslipidemia, 
smoking, and gender. Mechanistically, the pathogenesis of anxiety and depression may be entwined with chronic low- 
grade systemic inflammation. Consequently, the imperative for effective diabetes management encompasses maintaining 
reasonable glycemic control while minimizing glucose fluctuations.
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