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Abstract 

Background  Antihyperglycemic medications can affect more than just glucose control; they may also influence 
mental health outcomes. This study aimed to investigate the relationships between various antidiabetic medications 
and psychiatric disorders, including depression, anxiety, and sleep disturbances, in individuals with type 2 diabetes 
(T2DM).

Methods  This cross-sectional study analyzed data from patients with T2DM, assessing psychiatric outcomes 
among these patients using various antidiabetic therapies. Sleep quality, anxiety, and depression were measured 
using validated scales, including the Pittsburgh Sleep Quality Index (PSQI), Generalized Anxiety Disorder-7 (GAD-7), 
and Patient Health Questionnaire-9 (PHQ-9), respectively.

Results  This study involved 229 patients with a mean age ± standard deviation of 63.43 ± 10.38 years. The median 
body mass index (BMI) was 27.18 kg/m2, with an interquartile range (IQR) of 24.55–30.10, and the median dura‑
tion of diabetes was 11.00 years (IQR: 6.00–16.00). The use of sodium glucose cotransporter-2 (SGLT-2) inhibitors 
was significantly associated with poorer sleep quality, as indicated by a higher odds ratio (odds ratio [OR] = 2.076, 
95% confidence interval [CI]: 1.016–4.242, P = 0.045). Insulin use was linked to increased anxiety, with an OR of 1.985 
(95% CI: 1.007–3.913, P = 0.048). In contrast, sulfonylureas and glinides were associated with lower odds of depression, 
with an OR of 0.374 (95% CI: 0.182–0.768, P = 0.007). No significant associations were found between thiazolidinedi‑
ones, metformin, or dipeptidyl peptidase-4 (DPP-4) inhibitors and any psychiatric outcomes.

Conclusion  The use of SGLT2 inhibitors may negatively impact sleep quality, whereas insulin therapy is associ‑
ated with increased anxiety symptoms. Conversely, sulfonylureas and glinides appear to have a protective effect 
against depression. These findings underscore the importance of considering psychiatric outcomes when prescribing 
antidiabetic medications.
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Introduction
Over the past several decades, the prevalence of diabe-
tes, particularly type 2 diabetes (T2DM), has increased 
significantly due to factors such as unhealthy diets, physi-
cal inactivity, and an aging population. As diabetes and 
its complications, along with associated comorbidities, 
become more widespread, healthcare costs are rising 
substantially worldwide [1]. Therefore, it is crucial not 
only to manage blood sugar levels but also to address 
complications and comorbid conditions when treating 
patients with diabetes.

Psychiatric disorders, including depression, anxiety, 
and sleep disorders, are linked to a higher risk of devel-
oping T2DM. A meta-analysis of 245 studies revealed an 
elevated prevalence of T2DM, with rates of 40% among 
individuals with sleep disorders, 14% among those with 
anxiety, and 9% among those with depression [2]. Possi-
ble explanations include the side effects of antipsychotic 
and mood-stabilizing medications, as well as unhealthy 
lifestyle factors [3, 4].

Patients with diabetes are treated with a variety of oral 
antidiabetic drugs (OADs), such as metformin, dipeptidyl 
peptidase-4 (DPP-4) inhibitors, sodium glucose cotrans-
porter-2 (SGLT-2) inhibitors, α-glucosidase inhibitors, 
sulfonylureas, thiazolidinediones, and insulin or combi-
nation therapies. The choice of medication is influenced 
by individual patient factors, the severity of the disease, 
blood glucose levels, and the risk of complications [5, 6]. 
Evidence suggests that antihyperglycemic medications 
may have effects that extend beyond glucose control, par-
ticularly regarding mental health and sleep regulation. 
These medications can either increase the risk of depres-
sion, anxiety, and sleep disturbances or provide potential 
benefits in alleviating these conditions, depending on the 
specific drug and individual patient factors [6–9]. This 
cross-sectional study aimed to investigate whether indi-
vidual antihyperglycemic medications affect common 
psychiatric disorders, including depressive disorder, anxi-
ety disorder, and sleep disorder, in patients with T2DM.

Methods
Enrollment took place at the diabetes clinic within the 
Endocrinology and Metabolism Research Center (Tehran 
University of Medical Sciences, Tehran, Iran). Men and 
women aged 18 years and older with T2DM, as defined 
by the 1999 World Health Organization (WHO) crite-
ria [10], were eligible to participate. Exclusion criteria 
included current pregnancy and individuals with severe 
cognitive or neurological disorders, such as stroke, 
dementia, or traumatic brain injury.

This study was conducted in accordance with the Decla-
ration of Helsinki and was approved by the Ethics Review 

Board of Tehran University of Medical Sciences (IR.TUMS.
EMRI.REC.1401.042), and all participants provided written 
informed consent.

Clinical and laboratory data
Laboratory test results were obtained from the clinic’s lab-
oratory information system after receiving approval from 
the Ethics Committee. Data were collected through in-per-
son interviews. Patients’height was measured to the nearest 
0.1 cm, and their weight was recorded to the nearest 0.1 kg. 
The Body Mass Index (BMI) was then calculated by divid-
ing weight in kilograms by the square of height in meters. 
Smoking was defined as consistent cigarette use over the 
past six months. Alcohol consumption was defined as an 
average daily intake of more than 20  g over the previous 
year. Blood pressure was measured on the left arm after a 
minimum 10-min rest period in a seated position. Hyper-
tension was defined as a blood pressure of ≥ 130/80 mmHg 
or the use of antihypertensive medications, including beta-
blockers, angiotensin-converting enzyme (ACE) inhibitors, 
angiotensin II receptor blockers (ARBs), calcium channel 
blockers, or diuretics [11]. Combination antidiabetic ther-
apy was defined as the concurrent use of two or more anti-
diabetic drugs.

Mental health and sleep assessment
The identification of individuals at risk for mental health 
issues and sleep disturbances was conducted using well-
established self-report questionnaires. The Patient Health 
Questionnaire-9 (PHQ-9), with a score range of 0–27, 
assessed depressive symptoms. The Generalized Anxiety 
Disorder-7 (GAD-7), with a score range of 0–21, measured 
anxiety severity. Sleep quality was evaluated using the Pitts-
burgh Sleep Quality Index (PSQI), which has a score range 
of 0–21 and assesses various sleep-related factors, includ-
ing duration, disturbances, and overall sleep efficiency. 
Higher scores on all three scales indicate greater symptom 
severity [12–14].

Sample size
Based on a study by Kant et  al. [15], the reported preva-
lence of depression in patients with T2DM was 49.2%. The 
sample size was calculated using the formula provided 
below, with a margin of error of 7% and a confidence inter-
val (CI) of 95% for proportion estimation. The initial calcu-
lation yielded a sample size of 196 participants. Accounting 
for a potential attrition rate of 15%, the final sample size 
was determined to be 231 participants.

n =

Z2
× P × (1− P)

d2
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Statistical analysis
All statistical analyses were conducted using SPSS soft-
ware version 26.0 (IBM Corp., Armonk, NY, USA). The 
normality of the data was assessed using the Shapiro–
Wilk test. Quantitative variables with a normal distribu-
tion were reported as mean ± standard deviation (SD), 
while skewed data were presented as median with inter-
quartile range (IQR). Numbers (%) were used to summa-
rize categorical variables. A univariate and multivariate 
regression models were employed to examine the rela-
tionship between antidiabetic medications and depres-
sion, anxiety, and sleep disturbances, using the following 
adjustment models: Model 1: Unadjusted (crude) model, 
Model 2: Adjusted for age and sex, Model 3: Adjusted 
for all variables in Model 2 plus alcohol consumption, 
smoking, Hemoglobin A1c (HbA1C), BMI, duration 
of diabetes, marital status, psychiatric medication use, 
hypertension, and combination antidiabetic therapy. The 
results are presented as odds ratios (OR) with 95% CI. A 
p-value of < 0.05 was considered statistically significant.

Results
From January to December 2023, a total of 239 individu-
als with T2DM met the inclusion criteria. Of those, 229 
patients were included in the final analysis, consisting of 
101 men and 128 women. Table 1 summarizes the base-
line characteristics of the study population, stratified by 
sex. The mean age ± SD was 64.21 ± 10.96 years for males 
and 62.81 ± 9.88 years for females; this difference was not 
statistically significant (P = 0.229). Similarly, the dura-
tion of diabetes was comparable between the two groups 
(P = 0.133). However, smoking (P = 0.002) and alcohol 
consumption (P = 0.007) were significantly more preva-
lent among males than females. Furthermore, a signifi-
cantly higher percentage of males were married (86.1%) 
compared to females (67.2%; P < 0.001).

Metabolic and laboratory parameters
A significant difference in median BMI was found 
between females and males (P = 0.005), with females 
exhibiting a higher median BMI of 28.08  kg/m2 (IQR: 
24.77–31.91) compared to 26.21  kg/m2 (IQR: 24.33–
28.10) in males.

Fasting blood glucose (FBS) and HbA1c levels did not 
differ significantly between the two groups (p > 0.05). The 
liver enzyme alanine aminotransferase (ALT) was sig-
nificantly lower in females compared to males (P = 0.01). 
Additionally, high-density lipoprotein cholesterol (HDL-
C) level was significantly higher in females (P = 0.002), 
while total cholesterol, low-density lipoprotein choles-
terol (LDL-C), and triglyceride levels showed no sig-
nificant differences between the groups. The median 

serum creatinine level was significantly lower in females, 
at 0.88  mg/dL (IQR: 0.74–1.07), compared to males, 
who had a median level of 1.00  mg/dL (IQR: 0.89–1.2) 
(P < 0.001). Conversely, the estimated glomerular fil-
tration rate (eGFR) was significantly lower in females 
(P = 0.002). The prevalence of hypertension was high in 
both males (91.1%) and females (87.5%), but the differ-
ence was not statistically significant (P = 0.387).

Diabetes treatment and medication use
Patients in this study used the following antidiabetic 
medications: metformin (82.1%), sulfonylureas/glin-
ides (23.6%), insulin (36.7%), DPP-4 inhibitors (35.4%), 
SLGT2 inhibitors (28.8%), and thiazolidinediones (2.6%). 
Alpha-glucosidase inhibitors were rarely used (less than 
0.5%). No patients received Glucagon-like peptide-1 
(GLP-1) receptor agonists. Furthermore, 70.7% of indi-
viduals were on a combination antidiabetic regimen, and 
16.2% were prescribed psychiatric medications.

Table  1 provides a detailed list of the medications 
used by patients, according to their sex. Sulfonylureas 
and glinides were prescribed more frequently in males 
than females (P = 0.024). There were no significant sex 
differences in the use of SGLT2 inhibitors, metformin, 
or DPP-4 inhibitors. Although a higher proportion of 
females (40.6%) than males (31.7%) were prescribed 
insulin, this difference was not statistically significant 
(P = 0.163).

Psychological and sleep parameters
The median (IQR) GAD-7 anxiety score was signifi-
cantly higher in females, at 11.00 (4.00–15.75), compared 
to males, at 6.00 (3.00–12.50) (P = 0.002). In contrast, 
PHQ-9 depression scores and PSQI sleep quality scores 
did not significantly differ between males and females 
(P > 0.05).

Table  2 presents the associations between different 
antidiabetic medications and mental health outcomes, 
including depression (PHQ-9), anxiety (GAD-7), and 
sleep quality (PSQI), across three models. In Model 3, 
SGLT2 inhibitors showed no significant association with 
PHQ-9 (OR = 0.846, 95% CI: 0.424–1.691, P = 0.636) or 
GAD-7 (OR = 0.637, 95% CI: 0.313–1.296, P = 0.213). 
However, a significant positive association was observed 
with PSQI (OR = 2.076, 95% CI: 1.016–4.242, P = 0.045), 
suggesting a potential link between SGLT2 inhibitors and 
reduced sleep quality.

Insulin use was significantly associated with higher 
odds of depression in both Model 1 (OR = 2.535, 95% CI: 
1.427–4.502, P = 0.002) and Model 2 (OR = 2.470, 95% CI: 
1.387–4.401, P = 0.002). However, this association was 
not significant in Model 3 (P = 0.053). A significant asso-
ciation was observed between insulin use and GAD-7 in 
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Model 1 (OR = 1.834, 95% CI: 1.065–3.159, P = 0.029) and 
Model 3 (OR = 1.985, 95% CI: 1.007–3.913, P = 0.048). 
Additionally, insulin use was also significantly associated 
with PSQI in Model 1 (OR = 1.864, 95% CI: 1.058–3.284, 
P = 0.031) and Model 2 (OR = 1.855, 95% CI: 1.047–3.287, 
P = 0.034), but this association became non-significant in 
Model 3 (P = 0.180).

Thiazolidinediones, metformin, and DPP-4 inhibitors 
were not significantly associated with PHQ-9, GAD-7, 
or PSQI in any model. Sulfonylureas and glinides were 

significantly associated with lower odds of depression 
(PHQ-9) in Model 1 (OR = 0.406, 95% CI: 0.218–0.758, 
P = 0.005), Model 2 (OR = 0.424, 95% CI: 0.225–0.800, 
P = 0.008), and Model 3 (OR = 0.374, 95% CI: 0.182–0.768, 
P = 0.007). However, no significant associations were 
observed with GAD-7 or PSQI.

Table 1  Baseline characteristics of patients stratified by sex

Data are presented as mean ± SD, median (IQR) or number (%)

BMI body mass index, FBS fasting blood sugar, HbA1c hemoglobinA1c, AST aspartate aminotransferase, ALT alanine aminotransferase, HDL-C high-density lipoprotein 
cholesterol, LDL-C low-density lipoprotein cholesterol, TSH thyroid-stimulating hormone, eGFR estimated glomerular filtration rate, HTN hypertension, SGLT2 sodium-
glucose cotransporter-2, DPP-4 dipeptidyl peptidase 4, PHQ-9 patient health questionnaire-9, GAD-7 generalized anxiety disorder assessment, PSQI pittsburg sleep 
quality index
a Independent sample t-test
b Mann-Whitney U test
c Chi-square test
d Fisher’s exact test

Characteristics Male (n = 101) Female (n = 128) P-value

Age (years)a 64.21 ± 10.96 62.81 ± 9.88 0.229

Diabetes duration (years)b 10.00 (6.00–14.00) 11.00 (6.00–17.75) 0.133

Smoking, current (yes)c 17.00 (16.80) 6.00 (4.70) 0.002

Alcohol, current (yes)c 14.00 (13.90) 5.00 (3.90) 0.007

Marriage (yes)c 87.00 (86.10) 86.00 (67.20)  < 0.001

BMI (kg/m2)b 26.21 (24.33–28.10) 28.08 (24.77–31.91) 0.005

FBS (mg/dL)b 139.00 (111.75–206.00) 144.00 (115.00–200.00) 0.858

HbA1c (%)b 7.60 (6.90–9.01) 7.30 (6.70–8.50) 0.205

AST (U/L)b 21.00 (17.00–25.00) 19.00 (16.00–23.00) 0.097

ALT (U/L)b 22.00 (16.00–29.00) 19.00 (14.00–24.00) 0.01

Total cholesterol (mg/dL)b 131.00 (111.00–151.00) 137.00 (117.00–155.50) 0.103

HDL-C (mg/dL)b 39.00 (34.50–44.00) 42.00 (36.25–51.75) 0.002

LDL-C (mg/dL)b 65.00 (53.00–86.00) 72.00 (59.00–86.00) 0.087

Triglycerides (mg/dL)b 120.00 (93.75–148.00) 123.00 (99.00–171.00) 0.052

TSH (uIU/mL)b 1.62 (1.08–2.11) 1.65 (1.18–2.42) 0.509

Creatinine (mg/dL)b 1.00 (0.89–1.2) 0.88 (0.74–1.07)  < 0.001

eGFR (mL/min/1.73m2)a 82.99 ± 21.75 73.38 ± 22.67 0.002

HTN (yes)c 92.00 (91.10) 112.00 (87.50) 0.387

SGLT2 inhibitors (yes)c 23.00 (22.80) 43.00 (33.60) 0.073

Sulfonylureas and glinides (yes)c 31.00 (30.70) 23.00 (18.00) 0.024

Insulin injection(yes)c 32.00 (31.70) 52.00 (40.60) 0.163

Thiazolidinediones (yes)c 3.00 (3.00) 3.00 (2.30) 0.768

Metformin (yes)c 82.00 (81.20) 106 (82.80) 0.750

DPP-4 inhibitors (yes)c 33.00 (32.70) 48.00 (37.50) 0.448

Alpha-glucosidase inhibitor (yes)d 0.00 (0.00) 1.00 (0.80) 1.000

Combination antidiabetic therapy (yes)c 66.00 (65.30) 96.00 (75.00) 0.111

Psychiatric drugs (yes)c 17.00 (16.80) 20 (15.60) 0.805

PHQ-9 scoresb 11.00 (5.00–14.50) 12.00 (6.00–16.75) 0.062

GAD-7 scoresb 6.00 (3.00–12.50) 11.00 (4.00–15.75) 0.002

PSQI scoresb 5.00 (3.00–9.00) 6.00 (4.00–11.00) 0.314
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Discussion
SGLT2 inhibitors were associated with poorer sleep qual-
ity, whereas insulin use was linked to increased anxiety. 
In contrast, sulfonylureas and glinides were associated 
with a lower risk of depression. The use of thiazolidin-
ediones, metformin, or DPP-4 inhibitors was not signifi-
cantly associated with psychiatric disorders, including 
depression, anxiety, and sleep disturbances.

SGLT2 inhibitors have complex effects on sleep quality, 
potentially causing nocturia-related disruptions but also 
offering benefits by reducing fluid shifts and improving 
respiratory function during sleep [16, 17]. Additionally, 
several studies have highlighted the potential benefits 
of SGLT2 inhibitors in patients with obstructive sleep 
apnea (OSA), as they target key mechanisms involved in 
its pathogenesis, such as weight reduction and improved 
glycemic control. These effects suggest that SGLT2 
inhibitors may play a role in mitigating the severity of 
OSA [18, 19]. However, a meta-analysis evaluating their 

impact on sleep-disordered breathing found that while 
SGLT2 inhibitors significantly improved HbA1c levels, 
they did not lead to a statistically significant improve-
ment in apnea severity, as measured by the apnea–hypo-
pnea index (AHI) or in oxygen saturation (SpO2) levels 
[8].

The effects of SGLT2 inhibitors on sleep quality have 
been reported with varying findings. One study found 
no significant impact on sleep quality, as assessed by the 
PSQI, but noted improvements in overall quality of life. 
However, this study also observed a significant increase 
in both nocturia and daytime urination frequency [20]. 
A more recent study similarly found that SGLT2 inhibi-
tors did not significantly affect sleep quality or daytime 
sleepiness, as measured by the Epworth Sleepiness Scale. 
Although voiding volumes increased, there was no signif-
icant change in nocturia or daytime urination frequency, 
and lower urinary tract symptoms (LUTS) remained 
stable [16]. In contrast, another study investigating 

Table 2  Association between antidiabetic medications with depression, anxiety and sleeping disturbances using logistic regression 
analysis (sample size n = 229)

Model 2 includes variables from model 1 plus age and sex; Model 3 includes variables from model 2 plus alcohol consumption, smoking, HbA1C, BMI, diabetes 
duration, marital status, psychiatric drugs, hypertension, combination antidiabetic therapy

PHQ-9 patient health questionnaire-9, GAD-7 generalized anxiety disorder assessment, PSQI pittsburg sleep quality index, SGLT2 sodium-glucose cotransporter-2, DPP-
4 dipeptidyl peptidase 4, BMI body mass index, HbA1c hemoglobinA1c, OR odds ratio, CI confidence interval

Variable PHQ-9 GAD-7 PSQI

OR 0.95% CI P value OR 0.95% CI P value OR 0.95% CI P value

SGLT2 inhibitors

 Model 1 (unadjusted) 0.838 0.471–1.490 0.546 0.991 0.557–1.762 0.974 2.217 1.189–4.135 0.012

 Model 2 0.809 0.451–1.452 0.478 0.866 0.477–1.574 0.638 2.123 1.132–3.981 0.019

 Model 3 0.846 0.424–1.691 0.636 0.637 0.313–1.296 0.213 2.076 1.016–4.242 0.045

Insulin injection

 Model 1 (unadjusted) 2.535 1.427–4.502 0.002 1.834 1.065–3.159 0.029 1.864 1.058–3.284 0.031

 Model 2 2.470 1.387–4.401 0.002 1.748 1.00–3.054 0.050 1.855 1.047–3.287 0.034

 Model 3 1.940 0.993–3.793 0.053 1.985 1.007–3.913 0.048 1.574 0.811–3.053 0.180

Thiazolidinediones

 Model 1 (unadjusted) 0.729 0.144–3.690 0.702 2.598 0.466–14.478 0.276 1.353 0.243–7.545 0.730

 Model 2 0.804 0.153–4.212 0.796 2.820 0.471–16.878 0.256 1.220 0.212–7.029 0.824

 Model 3 1.020 0.182–5.713 0.982 2.505 0.379–16.574 0.341 1.041 0.172–6.284 0.965

Metformin

 Model 1 (unadjusted) 1.373 0.697–2.704 0.359 1.895 0.925–3.884 0.081 0.731 0.360–1.484 0.386

 Model 2 1.371 0.694–2.709 0.363 1.901 0.912–3.963 0.086 0.718 0.352–1.462 0.361

 Model 3 1.789 0.815–3.928 0.147 2.001 0.878–4.557 0.099 0.547 0.244–1.227 0.144

DPP4 inhibitors

 Model 1 (unadjusted) 0.750 0.434–1.296 0.303 1.104 0.640–1.903 0.723 1.131 0.649–1.970 0.664

 Model 2 0.736 0.425–1.275 0.274 1.057 0.604–1.849 0.846 1.113 0.637–1.945 0.706

 Model 3 0.636 0.328–1.234 0.181 0.880 0.455–1.704 0.705 0.961 0.501–1.843 0.904

Sulfonylureas and glinides

 Model 1 (unadjusted) 0.406 0.218–0.758 0.005 0.554 0.293–1.050 0.070 0.652 0.352–1.206 0.173

 Model 2 0.424 0.225–0.800 0.008 0.617 0.319–1.196 0.153 0.655 0.349–1.229 0.187

 Model 3 0.374 0.182–0.768 0.007 0.505 0.238–1.071 0.075 0.524 0.260–1.057 0.071
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insomnia and sleep duration found that SGLT2 inhibi-
tion was associated with a 20.9% reduction in the odds 
of insomnia and a positive correlation with sleep dura-
tion (β coefficient = 0.186), indicating a potential role in 
improving sleep patterns [21]. Additionally, switching 
to tofogliflozin, which has a shorter half-life than other 
SGLT2 inhibitors, was associated with a significant 
reduction in nocturnal urination frequency, with 33% of 
participants reporting improved sleep quality [22].

Our findings suggest a potential link between the use of 
SGLT2 inhibitors and worsening sleep, possibly due to an 
increase in nocturia. SGLT2 inhibitors can induce LUTS 
[23], including increased urinary frequency, urgency, 
polyuria, and nocturia, as a result of their mechanism 
promoting natriuresis and osmotic diuresis. These effects 
are more pronounced in individuals with diabetes, par-
ticularly those with poor metabolic control or autonomic 
neuropathy, and can significantly impact quality of life 
by disrupting sleep and daily activities. While LUTS 
associated with SGLT2 inhibitors are generally mild and 
transient, resolving within days to weeks, some patients, 
especially older adults or those with preexisting LUTS, 
may experience persistent symptoms​ [24]. LUTS, includ-
ing nocturia, can substantially affect quality of life by dis-
rupting sleep and causing daytime fatigue, especially in 
older adults [25].

Strategies such as optimizing dosing schedules [26] or 
selecting an SGLT2 inhibitor with a shorter half-life [22] 
could help mitigate any negative effects on sleep qual-
ity for patients undergoing SGLT2 inhibitor therapy. In 
addition, SGLT2 inhibitors may impair sleep quality by 
exacerbating nocturia, particularly when co-adminis-
tered with diuretics [27]. In our analysis, we accounted 
for hypertension as a potential confounder by incorpo-
rating diuretic use into the hypertension adjustment, 
thereby better isolating the independent effects of SGLT2 
inhibitors.

Our research revealed a significant link between insulin 
use and elevated anxiety levels, as measured by GAD-7 
scores. Contrary to our results, insulin treatment in 
rodent models has been shown to alleviate anxiety-like 
behaviors through various mechanisms. For example, in 
streptozotocin-induced diabetic mice, a model that mim-
ics type 1 diabetes, insulin treatment restored neuro-
transmitter balance (gamma-aminobutyric acid [GABA], 
serotonin, dopamine) and modulated the hypothalamic–
pituitary–adrenal (HPA) axis, leading to a reduction in 
anxiety-like behaviors [28]. Likewise, intranasal insulin 
treatment significantly alleviated methamphetamine-
induced anxiety-like behavior in rats by reducing neuro-
inflammation and lowering pro-inflammatory markers in 
the hippocampus [29]. Human studies, however, reveal 
a more intricate relationship, suggesting that anxiety 

in insulin users is not solely determined by biological 
mechanisms, but also influenced by psychological fac-
tors. Psychological insulin resistance (PIR), is a common 
condition in T2DM patients, with many of them expe-
riencing anxiety about starting or intensifying insulin 
therapy due to fears of hypoglycemia, perceived stigma, 
and concerns about treatment burden. One study found 
that 82% of patients initially refused insulin, citing psy-
chological barriers, with fear of hypoglycemia being the 
most significant concern, while fear of injections was less 
prominent [30]. Another study reported that 30–50% 
of patients experienced anxiety related to injection pain 
[31]. Negative attitudes toward insulin therapy were three 
times more common than positive ones, often linked to 
technical concerns (pain, hypoglycemia, weight gain) and 
experiential concerns (perceived disease progression or 
failure of prior treatments), as well as misconceptions 
about insulin’s effects [32]. Despite the importance of 
injectable therapies like GLP-1 receptor agonists or insu-
lin for long-term diabetes management, anxiety related 
to injections remains a significant barrier to treatment 
adherence in these patients [31].

Individuals with T2DM are at increased risk for depres-
sion [33]. While the potential effects of antidiabetic med-
ications used to manage T2DM on depression risk have 
been studied [34], the overall impact of these medica-
tions on mental health outcomes, particularly depression, 
remains unclear. A large population-based cohort study 
by Wahlqvist et al. reported that individuals with T2DM 
who were not receiving oral antidiabetic treatment had 
a 2.62-fold increased risk of developing affective disor-
ders compared to non-diabetic individuals. Interestingly, 
patients treated with a combination of sulfonylureas and 
metformin showed a 60% lower risk of affective disor-
ders compared to those who were untreated, suggest-
ing that this combination therapy may offer a protective 
effect against depression [35]. Supporting this observa-
tion, our results revealed an association between the 
intake of sulfonylureas and glinides and a decreased risk 
of depression. Further evidence comes from a preclinical 
study in mice, where 12 weeks of chronic unpredictable 
mild stress (CUMS) caused depressive-like behaviors and 
insulin resistance. Notably, glyburide treatment reversed 
these effects, leading to improved behavioral perfor-
mance, alleviation of insulin intolerance, and enhanced 
insulin signaling in the hippocampus. These beneficial 
effects were linked to glyburide’s ability to block the 
activation of the NOD-like receptor protein 3 (NLRP3) 
inflammasome [36].  

However, the relationship between sulfonylureas and 
the risk of depression is not entirely consistent across 
studies. A retrospective cohort study conducted among 
Japanese patients with T2DM found no significant 
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association between sulfonylurea use and the risk of 
developing depression. This study adjusted for poten-
tial confounding factors, such as age, sex, HbA1c levels, 
and medical history, suggesting that sulfonylureas nei-
ther increase nor decrease the risk of depression in these 
patients [6]. On the other hand, a large population-based 
cohort study conducted by Wium-Andersen et  al. indi-
cated that while metformin, DPP-4 inhibitors, GLP-1 
analogs, and SGLT2 inhibitors were associated with a 
lower risk of depression, the use of insulin and sulfonylu-
reas was linked to higher odds of developing depression 
[7]. This finding aligns with results from another exten-
sive study comparing various oral hypoglycemic agents, 
which found that sulfonylureas were associated with a 
slightly higher risk of depression compared to metformin 
[37] with females being more affected than males [5].

Several limitations should be acknowledged. The cross-
sectional design restricts the ability to establish causal 
relationships between antidiabetic medications and psy-
chiatric outcomes, highlighting the need for longitudinal 
studies. Additionally, reliance on self-reported measures 
for sleep quality, depression, and anxiety may introduce 
bias, as these assessments, despite being validated and 
reliable, do not provide definitive clinical diagnoses. Fur-
thermore, since the study population was drawn from a 
single diabetes clinic, the generalizability of the findings 
is limited. Further research is needed to confirm these 
results in other populations.

Conclusion
Our study highlights the potential psychiatric implica-
tions of antidiabetic medications in patients with T2DM. 
SGLT2 inhibitors were associated with poorer sleep 
quality, while insulin use correlated with higher anxi-
ety symptoms. In contrast, sulfonylureas and glinides 
appeared to be linked to a lower risk of depression. These 
findings emphasize the need for a personalized approach 
to diabetes management, considering both metabolic 
and mental health aspects. Further studies are needed to 
explore the underlying mechanisms and develop strate-
gies to mitigate these negative effects, ultimately enhanc-
ing patient-centered diabetes care.
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