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ARTICLE INFO ABSTRACT

Handling Editor: Professor C Selmi Background: Depression is expected to become the world's largest disease burden by 2030. However, the inci-
dence of depression in individuals with Type 1 diabetes mellitus (T1DM) or Celiac disease (CD) remains poorly

K?ywur ds: ) studied. To address this gap, a systematic review and meta-analysis was carried out.

Diabetes mellitus type 1 Methods: This systematic review was approved at PROSPERO on February 9, 2025, and followed the PRISMA and

Celiac disease MOOSE guidelines. The literature search considered all peer-reviewed quantitative studies from relevant data-

gzs;:::;imty bases up to February 7, 2025. Study-specific risk of bias was assessed using the ROBINS-E tool. Inverse variance
Mental health weighted random-effects models were applied on the hazard ratio (HR) scale to pool estimates of included
Mood disorders studies. Heterogeneity was quantified by Cochran's Q and I? statistics. Sensitivity analyses consisted of influence,
outlier, and subgroup analyses. E-values were calculated to assess the reliability of results regarding unmeasured
confounding.
Results: Out of 17,095 articles screened, eight studies for TIDM and two for CD were included in the study. Both
T1DM (HR = 2.77; 95 % CI: [1.82; 4.21]; P < 0.0001; I? = 98.5 %) and CD (HR = 1.66; 95 % CI: [1.51; 1.84]; P
< 0.0001; I? = 35.3 %) were consistently associated with the onset of depression. Despite the high heterogeneity,
which could not be fully explained for T1DM, the sensitivity analyses confirmed the results, while the E-values
underscored their robustness against unmeasured confounding.
Conclusions: This meta-analysis indicates a significant increase in the incidence of depression in individuals with
either T1DM or CD. Depression screening for these population is recommended. Further research is needed to
clarify the underlying mechanisms for these associations.
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(continued)
TNF-a Tumour Necrosis Factor alpha
WHO World Health Organization

1. Background

According to the World Health Organization (WHO), an estimated
3.8 % of the global population is experiencing depression [1]. This
condition is commonly characterized by insomnia, lack of interest in
daily activities, impaired quality of life, and, in many cases, suicidal
thoughts [2]. The consequences of depression can be severe. For
instance, adolescents with major depression face a 30-fold higher risk of
suicidality [3]. In addition, previous studies have linked major depres-
sion to an increased risk of cardiovascular diseases (CVD), as well as
higher rates of morbidity and mortality [4]. Although cultural, psy-
chological and biological factors are known to contribute to depression,
its underlying pathogenesis remains complex and poorly understood
[5]. Established risk factors for depression include being female, having
a family history of the condition, and experiencing stressful life events
[6]. Current research has further expanded our understanding by iden-
tifying additional risk factors beyond these traditional ones [7]. A recent
systematic review and meta-analysis found that individuals with auto-
immune diseases have a higher risk of depression, with a pooled inci-
dence rate of 6.71 % (95 % CI 5.10 %-8.77 %) and a relative risk of 1.85
(95 % CI 1.57 to 2.19) [8]. The same study also identified higher risks of
depression for a few specific autoimmune diseases [8].

Type 1 diabetes mellitus (T1DM) and celiac disease (CD) are among
the most prevalent autoimmune disorders. Globally, the annual inci-
dence rate of T1DM varies widely, with higher rates in Europe, North
America, Australia and New Zealand [9]. In 2020, the global incidence
of TIDM was 15 cases per 100,000 people, with a prevalence of 9.5 %
[10]. For CD, the 2020 incidence rate was 21.3 per 100,000 person-years
in children compared to 12.9 in adults, with a 7.5 % annual increase in
incidence over recent decades [11]. Despite their prevalence, the asso-
ciation between T1DM or CD and incident depression remains under-
studied, as prior research has primarily focused on depression
prevalence [12,13]. For instance, studies have reported depression
prevalence ranging from 17.5 to 32.1 % in individuals with T1DM,
compared to 5.7-16.0 % in non-diabetic controls [14]. Similarly,
elevated depression rates are observed in individuals with CD [15], with
a reported lifetime prevalence of 39 % [16]. Comparable to celiac dis-
ease findings, intestinal infectious diseases show increased risks for
depression, anxiety, and other psychiatric conditions, suggesting po-
tential shared mechanisms of gut-brain axis disruption and systemic
inflammation [17].

Investigating the incidence of depression in children and adolescents
with T1DM or CD is critical, as depression in these populations can have
severe, long-term impacts on development [18,19]. Most prior studies
on T1DM, CD, and depression have not accounted for temporal re-
lationships when calculating risk estimates, making it difficult to
establish clear associations [15,20]. As a recent study on epilepsy con-
firms, prevalence estimates alone in patients with this condition cannot
be used to draw clear conclusions about the association with mental
illness [21]. Therefore, it is important to examine mental health out-
comes following a disease diagnosis using large-scale, long-term
follow-up studies to better clarify temporal relationships [21]. We hy-
pothesize that individuals with TIDM or CD exhibit a higher incidence
of depression compared to those without these conditions. Thus, the aim
of this systematic review and meta-analysis was to separately assess the
risk of developing depression in individuals with T1DM and individuals
with CD.
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2. Methods
2.1. Protocol registration

This systematic review and meta-analysis were carried out following
the Cochrane group's recommendations and reported in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [22] and the Meta-Analyses of Observational
Studies in Epidemiology (MOOSE) [23] reporting guidelines. The pro-
tocol was registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO: CRD42025639807) and approved on
February 9, 2025 [24].

2.2. Search strategy

A comprehensive literature search was performed in MEDLINE,
Embase, PsycINFO, SCOPUS, and Web of Science considering all pub-
lished studies until February 7, 2025. The search string combined
various terms and abbreviations for TIDM, CD and depression and was
adapted to the specific databases [Supplementary Table 1]. Database-
controlled vocabulary was additionally used to search for subject
headings in titles and abstracts.

2.3. Eligibility criteria

Based on the PICO framework, individuals with a diagnosis of either
T1DM or CD (confirmed through standard diagnostic criteria) were
considered as cases without age, sex, or ethnic restrictions. The general
population without any autoimmune disease formed the control group.
The occurrence of a diagnosed depression clearly after the diagnosis of
exposure was defined as the outcome. Limiting to studies that focused
exclusively on incident depression ensured that the exposure precedes
the outcome in terms of evidence.

Furthermore, only peer-reviewed quantitative studies in English
were included in this systematic review and the subsequent meta-
analyses. Publications such as reviews, case reports, conference ab-
stracts, commentaries, any other kind of studies with a qualitative study
design, or non-peer-reviewed-articles were excluded from the analyses.
The same was applied to studies, considering prevalent cases of
depression or undiagnosed exposure or outcome of interest.

2.4. Selection process

Article selection occurred in two stages. Initially, after deduplication,
two of five reviewers (D.D, C.M, D.F, Y.B, and S.F) worked indepen-
dently to screen the titles and abstracts of the identified articles for
eligibility using Rayyan, a web-based platform for systematic reviews
[25]. In the second step, full-text articles of studies were assessed for
relevance and reasons for inclusion and exclusion were reported based
on the predefined criteria. Conflicts in article selection were resolved
through discussion and involvement of a third reviewer.

2.5. Data collection

Data extraction excel form was used to collect relevant information
from the included studies. Two independent reviewers (D.D and C.M)
extracted the following data from each study, where available: first
author's name, title and year of publication, study design, country in
which the study was conducted, number of included participants with
autoimmune diseases, number of incident depression cases, details
about comparison group, age of participants, duration of the follow up
period, time-window between diagnosis of exposure and outcome, type
of extracted estimate, point estimate with 95 % confidence interval (CI)
on any scale, and considered confounding factors. Discrepancies in data
extraction were resolved by consensus or by consulting a third reviewer
(D.F).
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2.6. Risk of bias assessment

Before running the meta-analyses, each study was subjected to a risk
of bias assessment using the ROBINS-E (Risk Of Bias In Non-randomized
Studies - of Exposure) tool [26]. Two reviewers (D.D and D.F) decided
independently the study-specific risk of bias due to the following seven
domains: (1) Unmeasured confounding, (2) measurement of exposure,
(3) selection of participants, (4) post-exposure interventions, (5) missing
data, (6) measurement of outcome, and (7) selection of reported results.
Disagreements were resolved through discussion without the need for a
third reviewer.

2.7. Statistical analysis

The types of effect estimates varied between the studies as two of
them present estimates as relative risk (RR) and incidence rate ratio
(IRR), respectively. Since the remaining studies present their estimates
in the form of hazard ratios (HR), both RR and IRR were converted to HR
using the formula below to ensure a common scale for calculating meta-
analytic estimates [27].
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_In(1-RRp)

HR="n 1 -p)

where p denotes the incidence rate of depression in the unexposed group
and RR the respective risk measure (i.e. RR or IRR).

Inverse-variance weighted (IVW) random effects models were used
for calculating the pooled HRs. Between-study heterogeneity was
quantified and evaluated by the Higgins' I?, 72 (calculated by the with
the Paule-Mandel (PM) estimator), and Cochran's Q statistics.

2.8. Sensitivity analyses

To investigate potential sources of heterogeneity for an association,
influence, outlier, and subgroup analyses were performed. The influence
analysis, consisting of the Baujat Diagnostics and a leave-one-out anal-
ysis, attempted to identify studies that disproportionately contributed to
the heterogeneity and affected the overall estimate. The outlier analysis
calculated a pooled effect estimate after excluding studies that differed
statistically from the overall estimate prior to exclusion. Subgroup
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Fig. 1. PRISMA flow diagram of the study-selection process.
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analyses were conducted to assess differences in study-specific estimates
due to the study region, the number of participants with an autoimmune
disease, the mean age of the participants, and the follow-up time of a
study. Finally, the reliability of pooled estimates regarding the bias
caused by unmeasured confounding, which is a common issue in
observational studies, was evaluated by calculating E-values. An E-value
quantifies the minimum strength of an association (on the risk ratio
scale) that unmeasured confounding would need to have with both the
exposure and the outcome to fully explain away a found association
[28].

In the context of depression risk in people with TIDM and CD, an HR
greater than 1 suggests an increased instantaneous risk of developing
depression compared to those without Type 1 diabetes and CD, while a
value less than 1 indicates a reduced instantaneous risk. Statistical tests
were performed two-sided with a Bonferroni corrected significance level
of 0.025. Data handling and statistical analyses were performed in R
(version: 4.4.2) primarily using the packages dplyr (version: 1.1.4),
meta (version: 8.0-1), metafor (version: 4.6-0), dmetar (version: 0.1.0),
and EValue (version: 4.1.3). The Risk of bias was visualized using the
robvis web application [29].

3. Results

The literature search initially yielded 17,095 publications [Fig. 1].
After deduplication, the titles and abstracts of 9078 publications were
screened, and 52 full texts were assessed against the inclusion and
exclusion criteria. Finally, 8 and 2 studies were included for the asso-
ciations with T1DM and CD, respectively.

3.1. Main results

The characteristics of included studies are detailed in Table 1. The
studies were published as cohort studies between 2007 and 2024, and
conducted in European (Austria, Czech, Denmark, Sweden, and the
United Kingdom) or Asian countries (South Korea and Taiwan). Sample
sizes for TIDM and depression ranged from 28,833 to 2,263,311 and for
CD and depression from 63,660 to 80,591. Mean age of participants
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of men (50.77 %) and women. Follow up duration varied across studies,
ranging from 1 to 34 years. The studies used different standard diag-
nostic criteria to diagnose T1DM, CD and depression [Supplementary
Table 2].

Of the 10 studies included in meta-analyses, 9 studies had a high risk
of bias and 1 study had a moderate risk of bias. The risk of bias could
mainly be attributed to the first domain (i.e. unmeasured confounding)
of the ROBINS-E tool [Supplementary Fig. 1].

Based on 8 included studies, the inverse variance weighted random-
effects model revealed a positive association between T1DM and
depression (HR = 2.77; 95 % CIL: [1.82; 4.21]; P < 0.0001) [Fig. 2].
Despite large heterogeneity across the specific estimates (I? = 98.5 %, P
< 0.0001), all studies consistently reported notable positive associa-
tions. Similarly, the evaluation of two studies, whose estimates did not
differ considerably (I> = 35.3 %, P = 0.2138), revealed a positive as-
sociation between CD and the occurrence of depression (HR = 1.66; 95
% CI: [1.51; 1.84]; P < 0.0001) [Fig. 3].

3.2. Sensitivity analyses

Regarding the association with T1DM, the influence and outlier an-
alyses found that the studies of Chen et al. [30] and Ni et al. [37] differed
notably from the other studies. Both of them were among the most
influential studies contributing relatively strongly to the overall het-
erogeneity [Supplementary Fig. 2]. The leave-one-out analysis showed
that omitting Chen et al. led to a slightly lower and more precise overall
estimate [Supplementary Fig. 3]. Removing both studies attenuated the
estimate to HR = 2.36; 95 % CI: [1.96; 2.85]) [Supplementary Fig. 4].
However, even the exclusion of the outliers was not able to explain away
a considerable proportion of the heterogeneity.

To further explore potential sources of heterogeneity, subgroup an-
alyses were performed regarding the regional differences (European vs.
Asian studies) and the number of individuals with T1DM (<10,000 vs. >
10,000 participants). Despite larger effect estimates in Asian studies
(HRasia = 3.73; 95 % CL: [1.68; 8.27] vs. HRgyrope = 2.09; 95 % CI: [1.83;
2.37]) and studies with fewer than 10,000 participants with TIDM (HR
< 10k = 3.85; 95 % CI: [1.86; 7.94] vs. HR > 10x = 2.10; 95 % CI: [1.56;

varied from about 8 to 57 years, with an overall almost equal proportion 2.83]), no notable subgroup differences could be detected
Table 1
Characteristics and references of included studies for the associations between Type 1 diabetes mellitus (T1IDM) and Celiac disease (CD) with the incidence of
depression.
Author (Year) Country Cases AD/ Depression in Age (years) Follow up Point estimate Adjusted variables
Controls AD/Controls time (years) (95 %CID)
T1DM
Chen et al. (2022) Taiwan 6226/62,260 69/75 Mean = 23.7 Mean = 5.83 HR = 10.41 age, sex, income, residence, family history,
[30] SD =15.2 (7.45-14.56) freq. of psychiatrist visits
Formanek et al. Czech 4556/45,560 73/280 Mean = 8.66 SD  Range: 10-24  HR = 2.61 age, sex, population stratification, time at
(2024) [31] =3.89 (2.02-3.38) discharge from hospitalization
Kim et al. (2024) South 10,391/ 2246/3962 Mean = 56.9 SD Median = 7.9 HR = 3.15 age, sex, BMI, income, smoking, alcohol,
[32] Korea 51,995 =129 (2.97-3.34) activity, hypert, dyslipidemia, CVD,
cancer
Klimek et al. Austria 16,667/ not reported Range: 0-95 2 RR = 1.94 none
(2015) [33] 1,862,258 (1.76-2.73)
Leone et al. (2022) Sweden 19,244/ 1737/116,314 Born: Median = 27 HR =1.85 sex, birth year, sibling type
[34] 2,244,067 1973-1996 (1.76-2.73)
Lu et al. (2017) Taiwan 1373/27,460 15/146 Mean = 12.3 <5 IRR = 3.09 age, index year, hypertension, CVD, CKD,
[35] (1.82-5.26) thyroid diseases
Morgan et al. United 5548/10,657 315/343 Mean =17.7SD  Mean = 4.8 HR = 2.08 age, sex, general practice
(2014) [36] Kingdom =93 (1.73-2.50)
Ni et al. (2024) Taiwan 27,096/ 4014/10,095 Mean = 55.7 SD 7 HR = 1.55 age, sex, year of Diabetes diagnosis
[371 108,116 =18.1 (1.48-1.61)
Celiac disease
Hansen et al. Denmark 6329/63,287 810/5452 Mean = 27 SD 18 HR =1.61 age, sex, calendar period, follow up time
(2023) [38] =21 (1.49-1.73)
Ludvigsson et al. Sweden 13,776/ 181/529 Range: 0-94 Median = 9.6 HR=1.8 age, sex, calendar period, county; SES,
(2007) [15] 66,815 (1.6-2.2) diabetes, thyroid disease

Abbreviations: AD, autoimmune disease; BMI, Body Mass Index; CI, confidence interval; CKD, Chronic Kidney Disease; CVD, cardiovascular disease HR, Hazard Ratio;
IRR, Incident Rate Ratio; RR, Relative Risk; T1DM, type 1 diabetes mellitus.
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Study Region Cases (T1D) Hazard Ratio HR 95%-Cl Weight
Chen et al. Asia 6,226 4l 10.41 [7.45;14.55] 12.4%
Lu et al. Asia 1,373 ——  4.09 [1.50;11.12] 7.6%
Kim et al. Asia 10,391 3.15 [2.97; 3.34] 13.5%
Formanek et al. Europe 4,556 L3 261 [2.02; 3.38] 12.9%
Klimek et al. Europe 16,667 216 [1.92; 2.43] 13.4%
Morgan et al. Europe 5,548 . 2.08 [1.73; 2.50] 13.2%
Leone et al Europe 19,244 1.85 [1.76; 1.95] 13.5%
Ni et al. Asia 27,096 1.55 [1.49; 1.62] 13.5%
Random effects model ‘ 2.77 [1.82; 4.21] 100.0%
Prediction interval = [0.64; 11.96]
T T | |
0.1 05 1 2 10

Heterogeneity: /° = 98.5%, t° = 0.3370, p < 0.0001

Fig. 2. Forest plot of associations between Type 1 diabetes and depression.

The pooled hazard ratio (HR) and corresponding 95 % confidence interval (CI) were derived using an inverse-variance weighted random-effects model. Statistical

significance was assessed using a Bonferroni-corrected threshold of a = 0.025.

Study Region Cases (CD)
Ludvigsson et al. Europe 13,776
Hansen et al. Europe 6,329

Random effects model
Prediction interval

Heterogeneity: I = 35.3%, 12 = 0.0022, p = 0.2138

Fig. 3. Forest plot of associations between celiac disease and depression.

Hazard Ratio HR 95%-Cl Weight
—l— 1.80 [1.54;2.11] 29.3%
161 [1.49;1.73] 70.7%
‘ 1.66 [1.51; 1.84] 100.0%
[0.69; 4.01]
0.5 1 2

The pooled hazard ratio (HR) and corresponding 95 % confidence interval (CI) were derived using an inverse-variance weighted random-effects model. Statistical

significance was assessed using a Bonferroni-corrected threshold of a = 0.025.

[Supplementary Figs. 5 and 6]. Also, no differences between the studies
could be found regarding the average age of participants or the follow-
up time [Supplementary Figs. 7 and 8]. Moreover, heterogeneity
remained high in all subgroups (I between 74.8 % and 99.5 %) and
could therefore not be explained by any of the subgroup analyses. Meta-
regression and small-study bias assessment could not be performed with
the view on the number of studies included per association.

Due to the limited number of studies included, no sensitivity analyses
could be performed on the association between CD and depression.

With regard to the risk of bias due to unmeasured confounding fac-
tors, E-values revealed that these factors must be associated with the
exposure and outcome with RRs of at least 4.98 (lower 95 % CI = 3.04)
and 2.71 (lower 95 % CI = 2.39), respectively, to explain away the as-
sociations with T1DM and CD obtained from the main analysis.

4. Discussion

Our results revealed that individuals with TIDM or CD have an
increased risk of depression compared to individuals without these
conditions. The studies examining the link between T1DM and depres-
sion showed high heterogeneity, which persisted despite excluding two
outlier studies or conducting subgroup analyses. However, all eight
studies included in the meta-analysis confirmed a statistically significant
positive association between T1DM and depression, thus, an association
can hardly be doubted.

In contrast to the present study, prior research in this field has pri-
marily relied on cross-sectional study designs, limiting the ability to
assess temporal relationships. Previous systematic reviews and meta-
analyses have demonstrated a higher prevalence of depression among
individuals with TIDM compared to non-diabetic individuals. For
example, a systematic review and meta-analysis including 44 studies
found a significantly elevated prevalence of depression diagnoses or
symptoms in T1DM individuals (OR = 2.10, 95 % CI 1.23 to 3.52, 12 =
78.9 %) [12]. Another systematic review and meta-analysis reported a
pooled prevalence of depressive symptoms in individuals with T1DM of
30.04 % (95 % CI 16.33 to 43.7, 12 = 97 %) [39].

This systematic review and meta-analysis are the first to evaluate the
relationship between CD and incident depression. A previous systematic
review and meta-analysis investigating the association between CD and
neuropsychiatric disorders, reported a significantly high odds of
depression in CD patients compared to controls (OR = 1.60; 95 % CI 1.37
to 1.86, I? = 47 %) [40]. However, that study, based on seven studies,
differed methodologically from the present analysis by (1) excluding
cohort studies, which limited the ability to establish temporality be-
tween CD and depression, and (2) including case-control studies, better
suited for prevalence rather than incidence assessments [40].

Both T1DM and CD are immune-mediated diseases with shared ge-
netic predispositions, particularly involving HLA (Human Leukocyte
Antigen) class II genes DQ2 and DQ8, present in approximately 95 % of
T1DM patients and 99 % of CD patients, compared to 40 % of the general
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population [41]. This genetic overlap represents a significant risk factor
and suggests shared pathogenic mechanisms, such as tissue damage
resulting from autoimmunity or dietary antigen intolerance [42,43].
Additionally, both conditions are influenced by common environmental
factors, including breastfeeding duration, early gluten exposure, and
viral infections [42-44].

The link between T1DM and depression may be explained by shared
pathophysiological mechanisms, including autoimmune processes, in-
sulin deficiency, chronic hyperglycemia, and hypothalamic-pituitary-
adrenal axis dysfunction [45,46]. Inflammatory cytokines, such as
tumor necrosis factor alpha (TNF-a), interleukin-1 p (IL-1f), and
interferon-gamma (IFN-y), play a crucial role in TIDM and depression,
and thus potentially serve as mediators between the two conditions
[47]. The neurological mechanisms underlying CD remain under
investigation [48,49]. The biological connection to depression may
involve impaired central monoaminergic metabolism, pro-inflammatory
cytokines, bacterial compounds like lipopolysaccharides, and potential
imbalances in adaptive responses [50]. These factors are thought to
contribute to serotonin depletion, which may lead to depression [50].
Additionally, the link between CD and depression may be influenced by
reduced quality of life following a CD diagnosis [51], dissatisfaction
with sexual life [52], and challenges in managing the chronic nature of
the disease [53].

4.1. Implications

The significant association of depression with T1IDM and CD in-
dicates the need for routine depression screening among these in-
dividuals. Depression screening should therefore be integrated into
routine primary care services. To enhance screening, multilevel ap-
proaches are advised, such as eliminating financial and access barriers,
utilizing health professionals to provide outreach services and aware-
ness creation programs, and promoting depression screening adherence
through psychosocial support. Depression prevention and management
strategies should be incorporated within policies and guidelines focused
on T1DM and CD.

Future research on mental health issues in patients with autoimmune
diseases should focus on temporal relationships and incident cases (new-
onset cases after disease diagnosis) rather than prevalent cases
(depression present at or before the time of autoimmune disease diag-
nosis). This approach helps avoid potential immortal time bias in
observational designs, ensuring clearer insights into causality and risk
[54]. Furthermore, it is important to evaluate the quality and impact of
studies using more comprehensive metrics that account for the integrity
and reproducibility of the research. Greater sensitivity and vigilance
toward scientific misconduct when selecting articles for future system-
atic reviews and meta-analyses are essential to obtain valid research
evidence [55].

4.2. Strengths and limitations

Our work has several strengths. It is the first comprehensive sys-
tematic review with meta-analytical focusing explicitly on the incidence
of depression in individuals with T1IDM and those with CD by taking
temporal relation into account. The analyses included studies with large
sample sizes from diverse populations, enhancing the generalizability of
the findings. The rigorous systematic approach was followed by a total
of three reviewers per task in accordance with recommended checklists
and guidelines. Robust statistical methods, a series of sensitivity ana-
lyses, and a risk of bias assessment were applied to pool and evaluate
studies, considering their influence and contribution to heterogeneity.
Finally, the reliability of the estimates obtained was investigated with
regard to unmeasured confounding.

However, this study also has some limitations. Publication bias could
not be assessed due to the limited number of included studies that met
our inclusion criteria. Between-study heterogeneity in case of T1DM
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could not be fully ruled out, suggesting the pooled estimates should be
interpreted cautiously. The same applies to the results for CD patients,
which were based on only two studies. Most of the studies included were
rated as having a high risk of bias, particularly in terms of unmeasured
confounding. ICD-8, ICD -9 and ICD-10 coding systems for disease di-
agnoses might carry a potential risk of misclassification, potentially
leading to bias and affecting the final effect estimate.

4.3. Conclusions

In conclusion, this study reveals a significant association between
T1DM, CD, and depression. These findings have important implications
for research, clinical practice, and patient care. Future studies should
explore the mechanisms driving these associations. Clinicians should
prioritize targeted depression screening for individuals with TIDM or
CD. Finally, public health initiatives should focus on increasing aware-
ness and implementing preventive strategies to address the risk of
depression in these populations.
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