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Highlights

e The mental health burden in prediabetes remains poorly characterized. We
examined the prevalence and incidence of insomnia, fatigue, anxiety, and
depression in 578,972 adults with laboratory-confirmed prediabetes.

* Anxiety was the most common condition (37.78% prevalence; 8.6% cumu-
lative incidence), and was followed by depression, fatigue, and insomnia.

* The highest observed incidence of these four conditions was among middle-
aged adults (40-65 years) and women.

* Routine mental health screening is warranted in prediabetes care, particu-
larly for middle-aged adults and women.
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In brief

In this real-world cohort of 578,972
adults with prediabetes, more than
one-third had mental health conditions,
among which anxiety (37.8%) and de-
pression (26.0%) were most prevalent.
Over ~1.7 years, new-onset anxiety,
depression, fatigue, and insomnia were
frequent (12.9-34.9 per 1,000 per-
son-years). middle-aged adults (40-65
years) and women had substantially
elevated incidence. The prevalence was
highest in White individuals and low-
est in Asian individuals. The findings
support routine mental health screen-
ing in prediabetes care, particularly for
middle-aged adults and women.
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Abstract

Background: Prediabetes has a high prevalence worldwide; however, the prevalence of mental health con-
ditions within the population with prediabetes is not well understood. This study was aimed at determining
the prevalence and incidence of insomnia, fatigue, anxiety, and depression among a large, real-world cohort
of adults with prediabetes, and examining demographic patterns by age and sex.

Methods: This retrospective cohort analysis used data from 578,972 individuals with laboratory-confirmed
prediabetes (HbAlc 5.7%—6.4%) in the TriNetX Global Collaborative Network. Outcomes were identified
with ICD-10-CM codes. Prevalence was assessed over a 25-year period (2000-2025). Cumulative incidence
required a 90-day washout after prediabetes diagnosis and excluded patients with prior diagnoses. Incidence
rates per 1,000 person-years with 95% confidence intervals (CIs) were calculated. Analyses were stratified
by age (19-39 vs. 40-65 years) and sex.

Results: Anxiety, depression, fatigue, and insomnia were assessed among 578,972 participants with predia-
betes (mean age 53 + 11 years; 56.2% female). The overall prevalence of these conditions was 37.8% (95%
CI: 37.78-37.82), 26.0% (95% CI: 25.98-26.02), 23.9% (95% CI: 23.88-23.92), and 15.7% (95% CI: 15.67—
15.73), respectively. During a median follow-up of 628 days (IQR: 1,134 days), the cumulative incidence of
these new-onset conditions (290 days after diagnosis, excluding prior cases) was 8.6% (95% CI: 8.53-8.67),
4.8% (95% CI: 4.74-4.86), 5.7% (95% CI: 5.64-5.76), and 4.0% (95% CI: 3.95-4.05), respectively. The
incidence rates per 1,000 person-years were 34.9 (95% CI: 34.54-35.26), 22.6 (95% CI: 22.31-22.89), 20.5
(95% CI: 20.26-20.74), and 12.9 (95% CI: 12.73-13.07), respectively. In stratified analyses, middle-aged
adults (40-65 years) had substantially higher incidence of all outcomes than younger adults (19-39 years)
(risk ratios: 0.263-0.298; all P < 0.001). Women had consistently higher incidence than men (risk ratios:
0.593-0.754; all P < 0.001). A secondary race-stratified prevalence analysis indicated that the prevalence was
highest in White individuals and lowest in Asian individuals.

Conclusion: Mental health conditions affected more than one-third of patients with prediabetes. Middle-aged
adults and women had the highest observed incidence. Routine mental health screening in prediabetes care is
warranted, particularly among these high-risk demographic subgroups.

Keywords

Anxiety; depression; epidemiology; insomnia; mental health; prediabetes.

Introduction

Prediabetes, a condition of glucose dys-
regulation defined by hemoglobin Alc
(HbAlc) levels of 5.7%—-6.4%, fasting
plasma glucose levels of 100-125 mg/
dL, or impaired glucose tolerance, affects
approximately 720 million people world-
wide [1-3]. The incidence of prediabetes
has substantially increased over the past
20 years, owing to increasing obesity
rates, sedentary habits, and population
aging [4]. Individuals with prediabe-
tes face a substantially elevated risk of

progression to type 2 diabetes mellitus,
with an estimated annual conversion rate
of 5%—-10%, and as many as 70% of peo-
ple with prediabetes ultimately develop
diabetes over their lifetimes [5, 6].
Beyond diabetes risk, prediabetes is also
independently associated with heightened
risk of cardiovascular disease, chronic
renal disease, and overall mortality; con-
sequently, it is a crucial focus for public
health initiatives [7, 8]. Despite this grow-
ing burden, the prevalence and incidence
of mental health conditions in prediabetic
populations remain poorly characterized,
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thus representing a critical gap in understanding of the full
clinical spectrum of this condition.

Alongside the increasing prevalence of prediabetes, men-
tal health conditions have become a primary contributor to
disability worldwide [9]. Anxiety disorders, major depres-
sive disorder, insomnia, and chronic fatigue syndrome affect
hundreds of millions of people worldwide, and substan-
tially affect quality of life, healthcare utilization, and eco-
nomic output [10, 11]. The reciprocal association between
mental health and metabolic disorders is increasingly rec-
ognized. Depression and anxiety are distinct risk factors for
the onset of insulin resistance and type 2 diabetes mediated
by neurohormonal mechanisms including dysregulation of
the hypothalamic-pituitary-adrenal axis; chronic low-grade
inflammation; autonomic nervous system imbalance; and
detrimental health behaviors such as suboptimal diet and
physical inactivity [12—14]. In contrast, the diagnosis of a
metabolic disorder such as prediabetes can induce or exac-
erbate psychological distress, as individuals face medical
advice to implement lifestyle changes, anxiety regarding dis-
ease development, and a perceived decline in health [15, 16].

Notwithstanding this acknowledged interaction, the men-
tal health burden among individuals with prediabetes remains
insufficiently described. The current literature has examined
primarily people with diagnosed diabetes, in whom the prev-
alence of depression has been reported to be 25%-30%,
approximately twice that in the general population [17, 18].
A limited number of studies have investigated mental health
consequences during the prediabetic stage; consequently,
a substantial knowledge gap exists. The early detection of
mental health disorders in prediabetes is crucial, because
unaddressed depression and anxiety can hinder adherence
to lifestyle modifications, such as dietary changes, physical
exercise, and weight control, that are fundamental to diabe-
tes prevention [19]. Mental health conditions may expedite
the transition from prediabetes to diabetes through biological
and behavioral pathways, thus potentially establishing a det-
rimental cycle of deteriorating metabolic and psychological
health [16, 20].

Age and sex are recognized drivers of prediabetes risk
and mental health outcomes; however, limited research has
comprehensively investigated how these demographic char-
acteristics influence mental health conditions in prediabetic
populations. Young adults with prediabetes are a notably sus-
ceptible demographic, because they experience prolonged
exposure to metabolic risk and may encounter heightened
psychological distress due to the apparent disjunct between
their young age and a diagnosis of “metabolic aging” [21].
Moreover, substantial sex differences are evident in the inci-
dence of mental health conditions: the lifetime rates of anx-
iety and depression are approximately 1.5 to 2 times greater
in women than men [22, 23]. Whether this female predom-
inance persists or is amplified in the setting of prediabetes
remains uncertain. In addition, racial differences in meta-
bolic and mental health conditions were examined in a sec-
ondary exploratory analysis, given the established disparities
in healthcare access and diagnostic practices [24].

This study was aimed at addressing these knowledge
gaps by using a large, real-world electronic health record
(EHR) database. Our objectives were (1) to assess the

overall prevalence and cumulative incidence of four com-
mon mental health conditions (insomnia, fatigue, anxiety,
and depression) in a large cohort of individuals with labora-
tory-confirmed prediabetes and (2) to investigate variations
in the incidence of these conditions by age group and sex.
We anticipated that mental health conditions would be prev-
alent among individuals with prediabetes, and would exhibit
considerable variation across age and sex groups.

Materials and methods

Data source and study design

This retrospective cohort study was based on data from the
TriNetX Global Collaborative Network, a federated health
research network that compiles de-identified EHR data from
more than 171 healthcare organizations worldwide (https://
trinetx.com). TriNetX collects extensive longitudinal patient
data encompassing demographics, diagnoses (according
to ICD-10-CM codes), procedures, laboratory results, and
medication prescriptions. This study was exempt from insti-
tutional review board clearance, and the requirement for
informed consent was waived because of the de-identified
nature of the data. Moreover, this research adhered to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guidelines.

Study population and cohort
selection

The original source population comprised 174,163,395
patients within the TriNetX Global Collaborative Network.
We systematically implemented inclusion and exclusion cri-
teria for this population (Figure 1). Initially, patients with a
verified history of diabetes mellitus (ICD-10-CM: E08-E13)
were excluded (11,937,143 participants). Subsequently, we
limited the cohort to adults 19-65 years of age diagnosed
with prediabetes, thus leaving 2,730,089 participants.
Prediabetes is defined by the American Diabetes Association
as a hemoglobin Alc (HbAlc) level of 5.7%—6.4% (inclu-
sive). The final analytic cohort comprised 578,972 individ-
uals with laboratory-confirmed prediabetes who had com-
prehensive data available on the primary exposures and
outcomes of interest.

Definition of outcomes

The primary outcomes of interest were newly diag-
nosed cases of four mental health conditions: insomnia,
fatigue, anxiety, and depression. All outcomes were iden-
tified according to ICD-10-CM codes (Supplementary
Table 1). To ensure temporal plausibility and decrease
the risk of reverse causality, we required that outcomes
occur at least 90 days after the index date (first prediabetes
diagnosis with confirmatory HbAlc). Patients with a prior
diagnosis of the outcome of interest before the index date
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TriNetX global collaboration network
(n= 174,163,395)

\ 4

A 4

Prediabetes age 19—65 years old
(n=2,730,089)

A 4

Prediabetes (HbA1C 5.7% to 6.4%)
(n= 578,972)

Figure 1 Patient flowchart.

were excluded from the respective incidence analysis. This
90-day washout period was applied to minimize the inclu-
sion of pre-existing undiagnosed cases and to decrease
detection bias.

Covariates and baseline
characteristics

Baseline characteristics were obtained from the EHR on the
date of the initial prediabetes diagnosis, defined as the ear-
liest date of an HbAlc reading of 5.7%—6.4%. The follow-
ing variables were identified: demographics (age at index,
presented as mean * standard deviation [SD], sex [male or
female], and race [White; Black or African American; Asian;
American Indian or Alaska Native; Native Hawaiian or other
Pacific Islander; other race]), anthropometric measure-
ments (body mass index calculated in kg/m? from the height
and weight recorded closest to the index date), comorbid-
ities (disorders of lipoprotein metabolism/other lipidem-
ias, hypertensive diseases, overweight/obesity, ischemic
heart diseases, and cerebrovascular diseases, all classified
according to ICD-10-CM codes), medication use (sedatives/
hypnotics, benzodiazepine derivatives, and antidepressants
identified from prescription records), and laboratory results
(hemoglobin Alc [%], serum glucose [mg/dL], and cortisol
[mcg/dL], documented as mean + SD). All comorbid dis-
eases and pharmaceutical exposures were evaluated within
12 months before to 30 days after the index date, to ensure
thorough baseline documentation.

Statistical analysis

All statistical analyses were conducted with the integrated
analytics tools in the TriNetX platform. Descriptive statistics
was used to summarize baseline characteristics, with cate-
gorical data reported as frequencies and percentages, and
continuous variables reported as means with SD.

Exclude diabetes history
(n= 11,937,143)

Prevalence was defined as the proportion of patients
with at least one recorded diagnosis of the condition at any
point during the 25-year study period (2000-2025), without
exclusion of prior cases. The cumulative incidence propor-
tion (risk) was calculated as the number of patients with a
new outcome diagnosis occurring at least 90 days after the
index date, divided by the number of at-risk patients (those
without a prior diagnosis of the outcome). Incidence rates
were calculated as the number of new cases divided by
total person-time (person-days), and are reported as cases
per 1,000 person-years. Finally, 95% confidence intervals
(CIs) for proportions were calculated with the Wilson score
method; for incidence rates, 95% Cls were calculated with
the Poisson (exact) method.

For age- and sex-stratified comparative analyses, propen-
sity score matching was performed to minimize confound-
ing. For sex stratification, patients were matched 1:1 by age,
race, comorbidities (hyperlipidemia, hypertension, obesity,
ischemic heart disease, and cerebrovascular disease), med-
ication use (sedatives/hypnotics, antidepressants, and ben-
zodiazepines), and laboratory values (hemoglobin, glucose,
cortisol, and body mass index). After matching, 212,436
men and 212,436 women with balanced baseline character-
istics (all standardized differences <0.1) were included in the
analysis. For age stratification, patients 19-39 years of age
were matched 1:1 with patients aged 40-65 years by sex,
race, comorbidities, medication use, and laboratory values.
After matching, 20,442 patients in each age group with bal-
anced baseline characteristics were included.

A priori stratified analyses were performed by age group
(19-39 or 40-65 years) and sex (female or male). Race-
stratified prevalence was examined as a secondary explor-
atory analysis, because of the descriptive nature of these
comparisons and the absence of healthcare utilization data
to adjust for detection bias. No multivariable adjustment was
conducted for race-stratified comparisons; consequently,
these findings should be interpreted with caution.

Risk ratios with 95% CIs and P-values were calculated for
sex and age comparisons. Kaplan-Meier survival analyses
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were performed for each outcome by sex and age group, and
differences were assessed with the log-rank test. No multi-
variable adjustment was conducted for the key descriptive
comparisons, because our aim was to determine unadjusted
real-world prevalence and incidence estimates. However,
stratified comparisons were adjusted through propensity
score matching. No imputation was performed for missing
data, and analyses were conducted on the basis of available
cases. All reported percentages and rates pertain to the com-
plete analytic cohort unless stated otherwise.

Results

Baseline characteristics of the
study population

The final analysis comprised 578,972 individuals with pre-
diabetes (Figure 1); a mean age of 53 = 11 years; and a
mean body mass index of 33.35 + 8.22 kg/m?, thus indicat-
ing that the cohort comprised primarily patients with over-
weight or obesity. The cohort comprised predominantly
women (56.16%, n = 325,151). The main racial groups
were White (51.71%, n = 299,386), Black or African
American (25.20%, n = 145,901), and Asian (8.13%, n =
47,070). The predominant comorbidities included abnor-
malities of lipoprotein metabolism (43.52%), hypertension
(35.93%), and overweight/obesity (35.68%). Medication
use was prevalent, and sedatives/hypnotics (31.67%),
benzodiazepine derivatives (29.76%), and antidepressants
(23.86%) were routinely administered (Supplementary
Table 2). The median follow-up was 628 days (IQR: 1,134
days), and the mean follow-up was 918 days (SD: 916
days).

Overall prevalence and incidence of
mental health conditions

Over the 25-year study period, the prevalence of mental
health conditions was substantial. Anxiety was the most
prevalent condition, affecting 37.8% (95% CI: 37.78-37.82)
of the cohort, and was followed by depression (26.0%, 95%
CI: 25.98-26.02), fatigue (23.9%, 95% CI: 23.88-23.92),
and insomnia (15.7%, 95% CI: 15.67-15.73) (Table 1).

To assess incident (new) cases, we excluded patients with
pre-existing diagnoses and required a 90-day washout period
after prediabetes diagnosis. During a median follow-up of
628 days (IQR: 1,134 days), the cumulative incidence of
new-onset conditions was highest for anxiety (8.6%; 95%
CI: 8.53-8.67; 35,503 of 411,880 at-risk patients), which
was followed by fatigue (5.7%; 95% CI: 5.64-5.76; 28,073
of 491,638 at-risk patients), depression (4.8%; 95% CI:
4.74-4.86; 22,738 of 473,407 at-risk patients), and insom-
nia (4.0%; 95% CI: 3.95-4.05; 21,251 of 532,192 at-risk
patients).

The corresponding incidence rates per 1,000 per-
son-years were 34.9 (95% CI: 34.54-35.26) for anxiety,
22.6 (95% CI: 22.31-22.89) for depression, 20.5 (95% CI:

20.26-20.74) for fatigue, and 12.9 (95% CI: 12.73-13.07)
for insomnia.

Age-stratified analysis

In the propensity-score-matched analysis comparing
younger adults (19-39 years) with middle-aged adults (40—
65 years) (Supplementary Table 3), middle-aged adults
had substantially higher incidence of all conditions (Table 2
and Figure 2A).

Sex-stratified analysis

In the propensity-score-matched analysis (Supplementary
Table 4), women had substantially higher incidence of all
conditions than men (Table 3 and Figure 2B).

Secondary race-stratified
prevalence analysis

In a secondary exploratory analysis, the prevalence of
mental health conditions varied among racial groups
(Supplementary Table 5). White individuals had the
highest observed prevalence of anxiety (44.42%), depres-
sion (30.51%), and insomnia (17.80%), whereas Asian
individuals had the lowest observed prevalence of anxiety
(21.96%), depression (11.19%), and insomnia (10.88%).
These findings should be interpreted with caution, because
they reflect unadjusted prevalence estimates and might have
been influenced by differences in healthcare access, diagnos-
tic practices, and cultural reporting patterns rather than true
differences in disease burden.

Discussion

This large real-world cohort study involving 578,972 indi-
viduals with laboratory-confirmed prediabetes revealed an
elevated prevalence of mental health conditions. Anxiety
affected more than one-third of participants (37.8%), and
was followed by depression (25.9%), fatigue (23.9%), and
insomnia (15.7%). After application of a 90-day washout
period to minimize reverse causality, and exclusion of prev-
alent cases, the cumulative incidence of new-onset condi-
tions was 8.6% for anxiety, 4.8% for depression, 5.7% for
fatigue, and 4.0% for insomnia over a median follow-up of
628 days. The incidence rates per 1,000 person-years were
34.9 for anxiety, 22.6 for depression, 20.5 for fatigue, and
12.9 for insomnia. The data indicated that mental health
conditions are widespread in patients with prediabetes and
occur at rates markedly exceeding those in the general popu-
lation. The National Comorbidity Survey Replication (NCS-
R) indicated 12-month prevalence rates of 18.1% for anxiety
disorders and 9.5% for major depressive disorder among
U.S. adults [10, 25].

This study is among the largest to thoroughly delineate the
prevalence of several mental health conditions in a prediabetic
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Table 1 Prevalence and Incidence of Mental Health Conditions in Patients with Prediabetes
Outcome Total (n) Prevalence (%) At-Risk Incident Cumulative Incidence PY® Incidence Rate
(95% Cl)2 Cohort (n)> Cases (n)® (%) (95% CI)° (per 1,000 PY)
(95% CI)©
Insomnia 578,972 15.7 (15.67-15.73) 532,192 21,251 4.0 (3.95-4.05) 1,651,000 12.9 (12.73-13.07)
Anxiety 578,972 378 (37.78-37.82) 411,880 35,503 8.6 (8.53-8.67) 1,016,000 34.9 (34.54-35.26)
Depression 578,972 26.0 (25.98-26.02) 473,407 22,738 4.8 (4.74-4.86) 1,005,000 22.6 (22.31-22.89)
Fatigue 578,972 23.9 (23.88-23.92) 491,638 28,073 5.7 (5.64-5.76) 1,369,000 20.5 (20.26—20.74)

Cl: confidence interval; n: number of participants; PY: person-years.

aPrevalence reflects the proportion of patients with at least one recorded diagnosis at any point during the 25-year study period (2000—
2025); 95% Cls were calculated with the Wilson score method.

bIncident cases and cumulative incidence reflect patients who developed the condition at least 90 days after prediabetes diagnosis, exclu-
ding those with prior diagnoses. Follow-up: median 628 days (IQR: 1,134 days); mean 918 days (SD: 916 days); 95% Cls were calculated
with the Wilson score method.

¢Incidence rates are expressed as cases per 1,000 person-years; 95% Cls were calculated with the Poisson (exact) method. Person-years
were derived from the incidence rate (cases/person-day) reported by TriNetX.

Table 2 Age-stratified Incidence of Mental Health Conditions in Patients with Prediabetes

Outcome Age Group At-Risk Incident Cumulative Incidence (%) Risk Ratio (19-39 P-Value Log-Rank
Cohort (n) Cases(n) (95% Cl) vs. 40-65) (95% CIl)? P-Value®

Insomnia 19-39 years 18,397 313 1.7 (1.52-1.88) 0.269 (0.238-0.304)  <0.001 0.046
40-65 years 18,433 1,165 6.3 (5.95-6.65)

Anxiety 19-39 years 13,131 654 5.0 (4.63-5.37) 0.298 (0.274-0.324) <0.001 <0.001
40-65 years 14,117 2,357 16.7 (16.08—17.32)

Depression  19-39 years 15,435 455 2.9 (2.64-3.16) 0.293 (0.265-0.324)  <0.001 <0.001
40-65 years 15,982 1,608 10.1 (9.64-10.56)

Fatigue 19-39 years 16,794 451 2.7 (2.46-2.94) 0.263 (0.238-0.292)  <0.001 0.010
40-65 years 16,891 1,722 10.2 (9.75-10.65)

Cl: confidence interval; n: number of participants.

aRisk ratios were calculated with the compare outcomes analysis after propensity score matching. A risk ratio <1.0 indicates lower risk in
younger adults (19-39 years) than middle-aged adults (40-65 years).

bLog-rank P-values from Kaplan-Meier survival analyses comparing age groups.

All analyses excluded patients with the outcome before the time window and required a 90-day washout period after prediabetes diagnosis.

Propensity score matching was performed on sex, race, comorbidities, medication use, and laboratory values. After matching, 20,442 pati-
ents in each age group with balanced baseline characteristics (all standardized differences <0.1) were included. Follow-up differed between

age groups (mean: 377 days vs. 1,686 days; median: 238 days vs. 1,542 days).

cohort by using real-world EHR data. The National Health
and Nutrition Examination Survey (NHANES) has esti-
mated the prevalence of depression in the general adult
population to be approximately 8%—10% [26]. The substan-
tially elevated rates identified in our study indicated a bidi-
rectional association between prediabetes and mental health
conditions. Individuals diagnosed with prediabetes might
encounter psychological distress because of their condition,
the need for lifestyle changes, and the fear of progression to
diabetes [15]. In contrast, depression and anxiety are recog-
nized risk factors for the onset of insulin resistance and type
2 diabetes via neuroendocrine mechanisms, such as dysregu-
lation of the hypothalamic-pituitary-adrenal axis, heightened
inflammation, and autonomic dysfunction [13, 14].

Our age-stratified analysis, comparing younger adults (19—
39 years) with middle-aged adults (40-65 years), revealed
that middle-aged adults had substantially higher incidence of
all conditions, with risk ratios ranging from 0.263 for fatigue
to 0.298 for anxiety. This finding contrasted with those in our
initial descriptive analysis, thus suggesting higher prevalence
in younger age groups; however, the descriptive analysis did
not account for differential follow-up time or exclude prevalent
cases. After rigorous propensity score matching and application

of a 90-day washout period, middle-aged adults demonstrated
substantially higher incidence of new-onset mental health con-
ditions. This pattern is particularly concerning, given the aging
population with prediabetes and the cumulative metabolic
burden in middle-aged adults [4, 27]. Kaplan-Meier survival
analyses supported these findings, by indicating consistently
lower survival probabilities (i.e., higher cumulative incidence)
in middle-aged vs. younger adults across all outcomes. The
survival probability at the end of follow-up was notably lower
in middle-aged adults for fatigue (53.94% vs. 83.70%) and
anxiety (55.72% vs. 53.45%), thereby indicating substantial
long-term risk in this age group.

Our analysis indicated marked sex differences: women
had substantially higher incidence of all mental health con-
ditions than men, with risk ratios (male vs. female) ranging
from 0.593 for anxiety to 0.754 for fatigue, in agreement
with Global Burden of Disease data indicating 1.5x-2x
greater female prevalence [9]. In prediabetes, factors include
sex differences in glucose metabolism and insulin sensitivity
[28], greater weight and body-image psychological burden
in women than men [29], and mood effects from hormonal
fluctuations interacting with glycemic dysregulation [30].
These findings underscore the need for routine mental health
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Figure 2 Incidence of mental health conditions in (A) age-stratified analysis and (B) sex-stratified analysis.

Table 3 Sex-stratified Incidence of Mental Health Conditions in Patients with Prediabetes

Outcome Sex At-Risk Incident Cumulative Incidence Risk Ratio (Male vs. P-Value Log-Rank
Cohort (n) Cases (n) (%) (95% Cl) Female) (95% CI)? P-Value®

Insomnia Male 189,677 5,929 3.1 (3.06-3.14) 0.733 (0.703-0.750) <0.001 <0.001
Female 187,528 8,073 4.3 (4.26-4.34)

Anxiety Male 156,883 9,823 6.3 (6.18-6.42) 0.593 (0.579-0.608) <0.001 <0.001
Female 140,931 14,870 10.6 (10.44—10.76)

Depression Male 176,785 6,171 3.5 (3.45-3.55) 0.633 (0.612—-0.652) <0.001 <0.001
Female 165,150 9,129 5.5 (5.39-5.61)

Fatigue Male 179,148 8,444 4.7 (4.65-4.75) 0.753 (0.733-0.775) <0.001 <0.001
Female 169,417 10,590 6.3 (6.18-6.42)

Cl: confidence interval; n: number of participants.

aRisk ratios were calculated with the compare outcomes analysis after propensity score matching. A risk ratio <1.0 indicates lower risk in
men than women.

bLog-rank P-values from Kaplan-Meier survival analyses comparing men and women.

Note: All analyses excluded patients with the outcome before the time window and required a 90-day washout period after prediabetes
diagnosis. Propensity score matching was performed on age, race, comorbidities, medication use, and laboratory values. After matching,
212,436 men and 212,436 women with balanced baseline characteristics (all standardized differences <0.1) were included.
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screening in women with prediabetes, particularly during
reproductive transitions. Kaplan-Meier analyses confirmed
these sex differences, by indicating substantially lower sur-
vival probabilities in women than men for all outcomes (all
log-rank P < 0.001).

In secondary exploratory analyses, we observed variations
in the prevalence of mental health conditions across racial
groups. White individuals had the highest observed preva-
lence, whereas Asian individuals had the lowest. However,
these findings must be interpreted with considerable caution
for several reasons. First, these unadjusted prevalence esti-
mates do not account for differences in healthcare utiliza-
tion, socioeconomic status, or other confounders. Second,
lower recorded prevalence in minority populations might
reflect underdiagnosis rather than truly lower disease bur-
den, because minority populations often receive fewer men-
tal health diagnoses than non-minority populations despite
comparable symptom severity [24, 31]. Third, data on health-
care utilization (e.g., the number of outpatient visits and
mental health service use) to formally test these explanations
were lacking. Therefore, we do not interpret these findings
as evidence of differential risk but as observed differences in
recorded diagnoses that warrant further investigation.

We acknowledge that fatigue (ICD-10-CM: R53.83) is a
non-specific symptom rather than a distinct mental health
disorder. In clinical practice, fatigue can be caused by
various conditions including anemia, heart failure, hypo-
thyroidism, malignancies, or medication adverse effects.
However, fatigue was included in this analysis because (1)
it is a prominent and frequently documented concern in
patients with prediabetes; (2) it might reflect underlying
depression, anxiety, insomnia, or metabolic dysfunction;
and (3) understanding fatigue patterns in this population
is clinically relevant for guiding comprehensive patient
assessment. Nevertheless, we have revised the terminology
herein to refer to “conditions” rather than “mental health
disorders” when discussing fatigue together with the other
outcomes. Fatigue was prevalent in our population (23.9%)
and warrants clinical attention. It might stem from prediabe-
tes-related mechanisms, such as glucose fluctuation, insulin
resistance-induced mitochondrial dysfunction, or low-grade
inflammation [32], or it might reflect underlying depres-
sion, anxiety, or insomnia, given their frequent comorbidity
[33]. The observed correlation with these mental health con-
ditions in our cohort indicated symptom overlap and syn-
demic interactions. Therefore, clinicians evaluating fatigue
in prediabetes should screen for concurrent mental health
and sleep disturbances rather than attributing it solely to
metabolic dysfunction [34].

Strengths and limitations

This study’s strengths include its large sample size (n =
578,972), which enabled precise estimation of the inci-
dence and prevalence of mental health conditions across
demographic subgroups; the use of real-world EHR data
reflecting standard clinical practice; the laboratory valida-
tion of prediabetes through HbAlc criteria; the comprehen-
sive assessment of four outcomes; and the application of a

90-day washout period to enhance temporal plausibility. The
calculation of incidence rates per 1,000 person-years with
95% confidence intervals provides an interpretable measure
of disease frequency that accounts for variable follow-up
times. This study is among the first to simultaneously exam-
ine age- and sex-specific patterns of multiple conditions in a
prediabetic cohort.

Several study limitations should be acknowledged. The
retrospective, observational approach prevents causal infer-
ences from being drawn regarding the directions of rela-
tionships between prediabetes and mental health condi-
tions. Second, the use of ICD-10-CM codes for outcome
determination might have been prone to misclassification
bias, because mental health conditions are frequently
underdiagnosed or inadequately classified in standard clin-
ical practice, particularly in primary care environments
[24]. Third, the TriNetX database lacks standardized, vali-
dated instruments (e.g., the Patient Health Questionnaire-9
for depression or Generalized Anxiety Disorder-7 for anx-
iety), thus potentially leading to underestimation of the
actual prevalence. Fourth, we were unable to account for
many possible confounders, such as socioeconomic status,
physical activity, diet, educational attainment, health insur-
ance coverage, and social support systems, all of which
are recognized predictors of mental health [25]. Fifth, we
lacked data on the duration of prediabetes, glycemic trajec-
tory (progression vs. regression), or treatment modalities
(e.g., lifestyle interventions), which might potentially have
influenced mental health risk [26]. Sixth, we lacked data
on healthcare utilization (e.g., the number of outpatient
visits and mental health service use) to assess detection
bias across racial/ethnic groups, which remains an impor-
tant area for future research. Seventh, fatigue (R53.83) is a
non-specific symptom rather than a distinct mental health
disorder, and its inclusion as an outcome might potentially
have diluted the specificity of our findings regarding men-
tal health conditions. Eighth, the race-stratified findings
should be interpreted with caution, because differences in
recorded prevalence might reflect disparities in healthcare
access, diagnostic practices, cultural reporting patterns, or
EHR capture rather than true differences in disease burden.
Given the nature of the platform, a race-stratified incidence
analysis could not be performed; however, a secondary
race-stratified prevalence analysis was feasible and was
conducted. Ninth, the age-stratified analysis after propen-
sity score matching had differential follow-up between
groups (mean: 377 days for patients 19-39 years of age vs.
1,686 days for patients 40—-65 years of age), which might
have partially explained the higher observed incidence in
middle-aged than younger adults.

Despite these limitations, our results have substantial clin-
ical and public health ramifications. The high observed prev-
alence of depression, anxiety, insomnia, and fatigue among
patients with prediabetes indicated that regular mental health
assessments should be incorporated into prediabetes manage-
ment protocols. The American Diabetes Association’s cur-
rent guidelines advocate for screening for diabetes distress,
depression, and anxiety in patients with diabetes, although
they offer less definitive recommendations for groups with
prediabetes [27]. Our findings support the expansion of these
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recommendations to encompass patients with prediabetes,
particularly middle-aged adults and women, who appear to
have the greatest risk.

Integrated care strategies that concurrently address meta-
bolic and mental health conditions in primary care environ-
ments have potential to enhance clinical results and quality
of life [35]. Moreover, lifestyle interventions for prediabe-
tes, such as dietary changes and increased physical activity,
have been demonstrated to effectively alleviate depressive
symptoms and enhance psychological well-being; there-
fore, the reciprocal relationship between prediabetes and
mental health might be modifiable through integrated inter-
ventions [36].

In conclusion, mental health conditions were found to
affect more than one-third of adults with prediabetes, among
which anxiety was the most common. middle-aged adults
(40-65 years) and women had the highest observed inci-
dence. The application of a 90-day washout period and per-
son-time adjusted incidence rates strengthened the validity
of these estimates. Routine mental health screening in pre-
diabetes care is warranted, particularly among middle-aged
adults and women. Integrated care approaches addressing
both metabolic and psychological health have potential to
improve clinical outcomes and quality of life in this growing
population.
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