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Objective: Whether the role of post-traumatic stress disorder (PTSD) on type 2
diabetes (T2D) is mediated by obesity or other mediating factors is controversial.
This study was designed to assess the impact of PTSD on genetic susceptibility to
T2D and mediating factors.

Methods: The datasets for PTSD, T2D, obesity, hypertension, hyperlipidemia,
smoking status, and alcohol consumption were obtained from genome-wide
association studies. Mendelian randomization (MR) was used to assess exposure-
outcome causality, and inverse variance weighted was used as the primary tool
for MR analysis. MR-Egger intercept, Cochran’s Q, and leave-one-out sensitivity
analysis were employed to assess horizontal pleiotropy, heterogeneity, and
robustness, respectively.

Results: The MR analysis showed that PTSD was associated with increased genetic
susceptibility to T2D (OR, 1.036; 95% Cl, 1.008-1.064; p = 0.011), obesity (OR, 1.033;
95% Cl, 1.016-1.050; p < 0.001), and hypertension (OR, 1.002; 95% ClI, 1.000-1.003;
p = 0.015), but not not with genetic susceptibility to hyperlipidemia, alcohol
consumption, and smoking status (p > 0.05). Mediated effect analysis showed that
PTSD increased genetic susceptibility to T2D by increasing genetic susceptibility
to obesity and hypertension, with obesity accounting for 9.51% and hypertension
accounting for 2.09%. MR-Egger intercept showed no horizontal pleiotropy
(p > 0.05). Cochran’s Q showed no heterogeneity (p > 0.05). Leave-one-out
sensitivity analysis showed that the results were robust.

Conclusion: This MR analysis suggests that PTSD increases the risk of T2D and
that this effect is partially mediated by obesity and hypertension. Active
prevention and treatment of PTSD can help reduce the risk of T2D.
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1 Introduction

Post-traumatic stress disorder (PTSD) is a mental health
condition that occurs after exposure to a traumatic event (1).
Epidemiological research has shown that the annual prevalence of
PTSD in Europe ranges from 1% to 3% (2), while the lifetime
prevalence in the United States is reported as 8.3% (3). Typical
symptoms of PTSD include re-experiencing traumatic intrusive
memories, avoidance of memories of traumatic events, negative
cognitions and emotions, and hyperarousal, significantly impacting
the physical and mental health as well as the quality of life of
affected individuals (4). Risk factors for PTSD include gender (with
females at higher risk), economic hardship, lower education level,
unemployment, exposure to traumatic events, and co-morbid
psychological disorders (5), and effective management of these
factors contributes to reducing the risk of morbidity. Although
psychotherapy as a primary treatment for PTSD has improved the
prognosis of some patients, its efficacy remains limited (6). As
studies have progressed, more and more researchers have found
that PTSD may be a metabolic disorder in disguise, increasing the
risk of conditions such as obesity, dyslipidemia, and hypertension
(7). Given that obesity, hyperlipidemia and hypertension are
independent risk factors for type 2 diabetes (T2D) (8), there is a
growing interest in understanding whether PTSD could be a risk
factor for T2D.

Type 2 diabetes is a chronic metabolic disease characterized by
insulin resistance and hyperinsulinemia (9). Globally,
approximately 537 million adults were reported to have diabetes
in 2021, and the number continues to rise (10, 11). As an incurable
disease, T2D is one of the leading causes of increased mortality and
disability worldwide (12). A relevant study suggested that PTSD is a
potential risk factor for T2D, which increases the incidence of T2D
by 49% (13). However, considering that obesity is an important risk
factor for T2D, other studies suggested that this effect is mediated by
obesity (14). They believe that, after adjusting for obesity or BMI,
the association between PTSD and T2D was no longer significant
(15). Is PTSD an independent risk factor for T2D? Is obesity an
intermediate pathway for PTSD to act on T2D? These questions
continue to plague clinicians and researchers and await new
analytical approaches to be addressed.

Mendelian randomization (MR) is a genetic statistical method
for assessing the causal effect of exposure variables and outcome
variables (16). MR is less susceptible to confounding variables and
reverse causality due to the randomized nature of genetics (17), and
it has emerged as an effective alternative to traditional
epidemiologic studies (18). This MR analysis explored the causal
relationship of PTSD with T2D and obesity in terms of genetic
prediction, aiming to investigate whether the effect of PTSD on T2D
is independent of obesity.

Abbreviations: CI, Confidence interval; GWAS, Genome-wide association
studies; HPA, Hypothalamic-pituitary-adrenal axis; IVW, Inverse variance
weighted; MR, Mendelian randomization; OR, Odds ratio; PRESSO, Pleiotropy
RESidual Sum and Outlier; PTSD, Post-traumatic stress disorder; SNP, Single
nucleotide polymorphism; T2D, Type 2 diabetes.

Frontiers in Endocrinology

10.3389/fendo.2024.1375068

2 Materials and methods

2.1 Study design

MR was based on three basic assumptions of association,
independence and exclusivity (19). The association assumption
required that single nucleotide polymorphisms (SNPs) were strongly
correlated with exposure factors. The independence assumption
required that SNPs were independent of confounding variables. The
exclusivity assumption required that SNPs only acted on outcome
variables through exposure variables and not through other pathways.

Firstly, adhering to basic assumptions, a two-sample MR
analysis was employed to assess the causal effect of PTSD on T2D
(). Secondly, MR was employed to assess the causal effects of PTSD
on mediating factors such as obesity, hypertension, hyperlipidemia,
alcohol consumption, and smoking status (a). Subsequently,
mediating factors exhibiting significant causal relationships with
PTSD were further examined for their causal effects on T2D (b).
Finally, mediated MR was employed to evaluate the mediated effects
of these mediating factors in the pathway from PTSD to T2D. The
MR design is shown in Figure 1.

2.2 Data sources

The datasets were obtained from FinnGen (www.finngen.fi/fi),
UK Biobank (www.nealelab.is/uk-biobank), European
Bioinformatics Institute (www.ebi.ac.uk), and IEU Open GWAS
project (gwas.mrcieu.ac.uk/), as shown in Table 1. As these datasets
were publicly available, the study did not require additional
ethical approval.

The dataset of PTSD, numbered finngen R11_F5_PTSD,
provided genome-wide association studies (GWAS) data of
406,822 Europeans, including 3,005 cases in the experimental
group and 403,817 cases in the control group. PTSD was
diagnosed using the Post-traumatic Stress Disorder Checklist
(PCL), which was described in FinnGen as an anxiety disorder
precipitated by an experience of intense fear or horror while
exposed to a traumatic (especially life-threatening) event. The
disorder was characterized by intrusive recurring thoughts or
images of the traumatic event; avoidance of anything associated
with the event; a state of hyperarousal and diminished emotional
responsiveness. These symptoms were present for at least one
month, and the disorder was usually long-term. In addition, the
comorbidity rates of PTSD with other psychiatric disorders were as
follows: major depressive disorder 3.95%, anxiety disorders 5.91%,
bipolar affective disorders 3.59%, sleep disorder 2.59%, personality
disorders 5.32%, disturbance of activity and attention 2.91%,
obsessive-compulsive disorder 2.74%, schizophrenia 1.07%.

The dataset of T2D, numbered ebi-a-GCST005413, provided
GWAS data of 70,127 Europeans, including 12,931 cases in the
experimental group and 57,196 cases in the control group. T2D is
defined as a type of diabetes mellitus characterized by insulin
resistance or desensitization and increased blood glucose levels.

The dataset of obesity, numbered finngen_R11_E4 OBESITY,
contained GWAS data of 453,592 Europeans, including 27,711
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MR design for the causal relationships between PTSD, T2D, and mediating factors. MR, Mendelian randomization; PTSD, post-traumatic stress
disorder; T2D, type 2 diabetes. (A) The causal effects of PTSD on mediating factors. (B) The causal effects of mediating factors on T2D.

(C) The causal effect of PTSD on T2D.

cases in the experimental group and 425,881 cases in the control
group. Obesity is defined as a disorder involving an excessive
amount of body fat.

The dataset of hypertension, numbered ukb-b-14057, contained
GWAS data of 462,933 Europeans, including 119,731 cases in the
experimental group and 343,202 cases in the control group. It
originated from a questionnaire survey conducted by the UK
Biobank between 2006 and 2010, analyzing self-reported
hypertension among participants globally.

The dataset of hyperlipidemia, numbered ebi-a-GCST90104006,
contained GWAS data of 349,222 Europeans, including 39,961 cases
in the experimental group and 309,261 cases in the control group. It
was the familial combined hyperlipidemia defined by Consensus
criteria, an instance of hyperlipidemia (disease) that is caused by an
inherited modification of the individual’s genome.

The dataset of alcohol consumption, numbered ieu-b-4834,
contained GWAS data of 83,626 Europeans. It was derived
from the statistical analysis of the online 24-hour dietary
recall questionnaire.

The dataset of smoking status, numbered ebi-a-GCST90029014,
contained GWAS data of 468,170 Europeans. It was derived from
the self-reported binary measure and used to denote whether an
individual is currently or has ever been a smoker.

2.3 Genetic instrumental
variables selection

First, the threshold of p < 5 x 10” was applied to search for
SNPs closely associated with PTSD, and the threshold of p <5 x 108
was applied to search for SNPs closely associated with obesity,
hypertension, hyperlipidemia, alcohol consumption, and smoking
status, to satisfy the association assumption. Second, qualifying R* <
0.001, kb = 10,000, we searched for SNPs with independence to
satisfy the independence assumption. Third, limiting F > 10, SNPs
with strong correlation were searched. F = [/()]*[)/]. R? referred to
the cumulative explained variance of the selected instrument
variables on exposure, N referred to the sample size of the
GWAS, and K referred to a number of paired samples. Fourth,
the meanings of SNPs were searched through databases, including
PhenoScanner, PubMed, and Web of Science, and SNPs that might
be associated with the outcome were excluded to satisfy the
independence and the exclusivity assumption. Fifth, the allelic
orientation of exposure-SNPs and outcome-SNPs was adjusted,
and mismatched SNPs were excluded based on the effect of allele
frequency. Sixth, outlier SNPs (p < 1) were excluded using the MR-
Pleiotropy RESidual Sum and Outlier method (MR-PRESSO) to
ensure the correctness of causal inference.

TABLE 1 Details of the GWAS studies included in the Mendelian randomization.

Year Trait GWAS ID Population Sample size Web source
2024 PTSD finngen_R11_F5_PTSD European 406,822 www.finngen.fi/en
2018 T2D ebi-a-GCST005413 European 70,127 https://www.ebi.ac.uk
2024 Obesity finngen_R11_E4_OBESITY European 453,592 www.finngen.fi/en
2018 Hypertension ukb-b-14057 European 462,933 wwnealelab.is/

uk-biobank
2021 Hyperlipidemia ebi-a-GCST90104006 European 349,222 https://www.ebi.ac.uk
2022 Alcohol consumption ieu-b-4834 European 83,626 gwas.mrcieu.ac.uk/
2018 Smoking status ebi-a-GCST90029014 European 468,170 https://www.ebi.ac.uk

PTSD, post-traumatic stress disorder; T2D, type 2 diabetes.
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2.4 Data analysis

The study followed the STROBE-MR guidelines (20). First, a
two-sample MR was used to analyze the overall effect of PSTD on
T2D (c). Second, a two-step MR was used to further analyze the
causal effect of PTSD on mediating factors (a) and the causal effect
of mediating factors on T2D (b) to screen for significant mediating
factors. Third, the mediated effect and mediated proportion of
mediating factors in the action of PTSD to T2D were calculated
based on the above data. Mediated effect = a x b, with confidence
interval (CI) calculated by the delta method, and mediated
proportion = (a x b)/c.

R 4.3.1 software “TwoSampleMR (0.5.7)” was used for the MR
analysis to evaluate the causal relationships. Inverse variance
weighted (IVW) was the main assessment tool, which allowed for
unbiased causal analysis without pleiotropy (21). Weighted median
and MR-Egger were secondary assessment tools, with the former
being less sensitive to error values and outliers, and the latter
providing effective causal analysis in the presence of pleiotropy.
When the MR analysis had no heterogeneity and horizontal
pleiotropy, only IVW were referenced without weighted median
and MR-Egger. When heterogeneity existed in the MR analysis,
both IVW and weighted median were referenced. When the MR
analysis had horizontal pleiotropy, only MR-Egger was referenced.
Subsequently, we employed mediated analysis to assess the
mediating ratio and mediating effect of obesity in the relationship
between PTSD and T2D. In addition, MR-Egger intercept was used
to assess horizontal pleiotropy, with p > 0.05 indicating no
significant pleiotropy to meet the exclusivity assumption.

10.3389/fendo.2024.1375068

Cochran’s Q was used to assess heterogeneity, with p > 0.05
indicating no significant heterogeneity. Leave-one-out sensitivity
analysis was used to assess the robustness of the MR results,
indicating that the results were robust when the combined effect
sizes were all on the same side.

3 Results
3.1 Genetic instrumental variables

After step-by-step screening, 94 SNPs for PTSD and T2D, 96
SNPs for PTSD and obesity, 89 SNPs for PTSD and hypertension,
97 SNPs for PTSD and hyperlipidemia, 73 SNPs for PTSD and
alcohol consumption, 88 SNPs for PTSD and smoking status, 46
SNPs for obesity and T2D, as well as 204 SNPs for hypertension and
T2D were included in the causal analysis, as described in
Supplementary Table SI.

3.2 MR analysis

MR analysis was employed to assess the causal effect between
exposure and outcomes. The corresponding forest plot is illustrated
in Figure 2, and the scatter plot is depicted in Figure 3. MR-Egger
intercept analysis is presented in Supplementary Table S2.
Cochran’s Q test is outlined in Supplementary Table S3 and
Figure 4. The results of leave-one-out sensitivity analysis are
displayed in Figure 5.

Exposure Outcome SNPs Method P value OR (95% CI)
PTSD T2D 94 IVW 0.011 - 1.036 (1.008 to 1.064)
PTSD T2D 94 MR Egger 0.598 »4 1.015 (0.959 to 1.075)
PTSD T2D 94  Weighted median  0.013 ro 1.053 (1.011 to 1.097)
PTSD Obesity 96 VW <0.001 e 1.033 (1.016 to 1.050)
PTSD Obesity 96 MR Egger 0.711 r«f,« 1.007 (0.971 to 1.044)
PTSD Obesity 96  Weighted median  0.013 - 1.031 (1.006 to 1.055)
PTSD Hypertension 89 VW 0.015 o 1.002 (1.000 to 1.003)
PTSD Hypertension 89 MR Egger 0193 ¢ 1.002 (0.999 to 1.005)
PTSD Hypertension 89 Weighted median 0.008 0 1.003 (1.001 to 1.005)
PTSD Hyperlipidemia 97 VW 0.828 o 1.001 (0.992 to 1.010)
PTSD Hyperlipidemia 97 MR Egger 0.631 @ 0.997 (0.986 to 1.009)
PTSD Hyperlipidemia 97  Weighted median  0.326 o 0.992 (0.977 to 1.008)
PTSD Alcohol consumption 73 IVW 0.526 0.989 (0.956 to 1.023)
PTSD Alcohol consumption 73 MR Egger 0.141 »— — 1.057 (0.982 to 1.138)
PTSD Alcohol consumption 73 Weighted median 0.499 &+ 0.983 (0.936 to 1.033)
PTSD Smoking status 88 IVW 0.211 6 0.999 (0.996 to 1.001)
PTSD Smoking status 88 MR Egger 0.250 0.998 (0.993 to 1.002)
PTSD Smoking status 88 Weighted median 0.129 ¢ 0.997 (0.994 to 1.001)

Obesity T2D 46 IVW 0.008 (e 1.110 (1.028 to 1.199)
Obesity T2D 46 MR Egger 0112 w—o—— 1.176 (0.967 to 1.431)
Obesity T2D 46  Weighted median  0.007 r—o—c 1.158 (1.041 to 1.287)
Hypertension T2D 204 VW 0.029 ———e— 1.477 (1.041 t0 2.097)
Hypertension T2D 204 MR Egger 0.368 <—— 1.594 (0.579 to 4.387)
Hypertension T2D 204  Weighted median 0.308 «———~o—— 1.304 (0.783 t0 2.171)

FIGURE 2

Forest plot of MR analysis for the causal relationships between PTSD, T2D, and mediating factors. MR, Mendelian randomization; PTSD, post-

traumatic stress disorder; T2D, type 2 diabetes.
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Scatter plot of MR analysis for the causal relationships between PTSD, T2D, and mediating factors. (A) PTSD on T2D; (B) PTSD on obesity; (C) PTSD
on hypertension; (D) PTSD on hyperlipidemia; (E) PTSD on alcohol consumption; (F) PTSD on smoking status; (G) Obesity on T2D; (H) Hypertension
on T2D. MR, Mendelian randomization; PTSD, post-traumatic stress disorder; T2D, type 2 diabetes.

3.2.1 Effect of PTSD on T2D

IVW (OR, 1.036; 95% CI, 1.008-1.064; p = 0.011) and
weighted median (OR, 1.053; 95% CI, 1.011-1.097; p = 0.013)
showed that PTSD was associated with increased genetic
susceptibility to T2D, whereas MR-Egger (OR, 1.015; 95% ClI,
0.959-1.075; p = 0.598) did not observe this effect, as shown in
Figures 2, 3A. MR-Egger intercept showed no significant
horizontal pleiotropy (p = 0.436), as shown in Supplementary
Table S2. Cochran’s Q showed no significant heterogeneity (p =
0.378), as shown in Figure 4A and Supplementary Table S3.
Leave-one-out sensitivity analysis showed the results were robust,
as shown in Figure 5A.

3.2.2 Effect of PTSD on mediating factors

IVW showed that PTSD was associated with increased genetic
susceptibility to obesity (OR, 1.033; 95% CI, 1.016-1.050; p < 0.001)
and hypertension (OR, 1.002; 95% CI, 1.000-1.003; p = 0.015), but
not with genetic susceptibility to hyperlipidemia (OR, 1.001; 95%
CIL, 0.992-1.010; p = 0.828), alcohol consumption (OR, 0.989; 95%
CI, 0.956-1.023; p = 0.526), and smoking status (OR, 0.999; 95% CI,
0.996-1.001; p = 0.211). Additionally, weighted median also showed
that PTSD was associated with increased genetic susceptibility to
obesity (OR, 1.031; 95% CI, 1.006-1.055; p = 0.013) and
hypertension (OR, 1.003; 95% CI, 1.001-1.005; p = 0.008), while
MR-Egger did not report a significant causal effect, as shown in
Figures 2, 3B-F. MR-Egger intercept showed no significant
horizontal pleiotropy (p = 0.05), as shown in Supplementary
Table S2. Cochran’s Q showed no significant heterogeneity (p >
0.05), as shown in Figures 4B-F and Supplementary Table S3.
Leave-one-out sensitivity analysis showed the results were robust, as
shown in Figures 5B-F.

Frontiers in Endocrinology

3.2.3 Effect of mediating factors on T2D

IVW showed that obesity (OR, 1.110; 95% CI, 1.028-1.199; p =
0.008) and hypertension (OR, 1.477; 95% CI, 1.041-2.097; p = 0.029)
were associated with increased genetic susceptibility to T2D.
Additionally, weighted median also showed that obesity was
associated with increased genetic susceptibility to T2D (OR,
1.158; 95% CI, 1.041-1.287; p = 0.007), while MR-Egger did not
report a significant causal effect, as shown in Figures 2, 3G, H. MR-
Egger intercept showed no significant horizontal pleiotropy (p =
0.05), as shown in Supplementary Table S2. Cochran’s Q showed no
significant heterogeneity (p > 0.05) except for the result of
hypertension on T2D (p = 0.010), as shown in Figures 4G, H and
Supplementary Table S3. Leave-one-out sensitivity analysis showed
the results were robust, as shown in Figures 5G, H.

3.2.4 Mediated effect of obesity and hypertension

The mediated effect analysis showed that PTSD increased
genetic susceptibility to T2D by increasing genetic susceptibility
to obesity and hypertension, with obesity accounting for 9.51% of
the PTSD-associated increase in genetic susceptibility to T2D
(mediated proportion: 9.51%; mediated effect: 0.00335, 95% CI
0.00154-0.00516, p < 0.001) and hypertension accounting for
2.09% of the PTSD-associated increase in genetic susceptibility to
T2D (mediated proportion: 2.09%; mediated effect: 0.000736, 95%
CI 0.000146-0.00133, p = 0.015), as shown in Figure 6.

4 Discussion

Post-traumatic stress disorder is associated with disability and
suicidal behavior and poses a significant threat to human physical

05 frontiersin.org
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Funnel plot of heterogeneity analysis on the causal relationships between PTSD, T2D, and mediating factors. (A) PTSD on T2D; (B) PTSD on obesity;
(C) PTSD on hypertension; (D) PTSD on hyperlipidemia; (E) PTSD on alcohol consumption; (F) PTSD on smoking status; (G) Obesity on T2D;

(H) Hypertension on T2D.

and mental health, as well as quality of life (22). Earlier studies
suggested that PTSD is linked to an increased risk of T2D and may
serve as an independent risk factor for T2D (13). However, due to
the high comorbidity between PTSD and obesity (23), others have
proposed that the elevated risk of T2D might be attributed to PTSD-
mediated obesity rather than a direct effect of PTSD (14). Whether
PTSD is an independent risk factor for T2D remains a controversial
topic. To the best of our knowledge, this is the first MR study to
evaluate the impact of PTSD on genetic susceptibility to T2D and
obesity. It aimed to investigate whether the role of PTSD in T2D is
independent of obesity.

This MR analysis revealed that PTSD increased genetic
susceptibility to T2D, and this effect may be achieved by
regulating obesity and hypertension. There was no significant
horizontal pleiotropy or heterogeneity in these results and they
were robust. Since the datasets of this study exclusively comprised
individuals of European ancestry, the findings primarily shed light
on the effect of PTSD on the risk of T2D in Europeans.

Previous clinical studies demonstrated that PTSD was associated
with an elevated prevalence of obesity. In a nationally representative
cross-sectional survey in the United States, the prevalence of obesity
among individuals with PTSD in the past year was 32.6%, which was
significantly higher than the 24.1% prevalence observed among those
without a history of PTSD (24). A study conducted by the World Trade
Center Health Registry revealed that both the persistent PTSD group
(39.5% vs. 29.3%) and the intermittent PTSD group (36.6% vs. 29.3%)
exhibited significantly increased prevalence of obesity compared to the
non-PTSD group (25). Additionally, a cohort study of U.S. military
personnel and veterans found that PTSD was linked to an increased
risk of 210% weight gain in multivariate models (OR, 1.44; 95% CI,
1.20-1.73) (26). Bartoli F et al. (27) conducted a meta-analysis of 13

Frontiers in Endocrinology

clinical studies and 589,781 subjects, revealing that individuals with
PTSD had a 55% increased risk of obesity compared to the general
population (OR, 1.55 95% CI, 1.32-1.82). These pieces of evidence
support that PTSD is an independent risk factor for obesity, aligning
with the findings of the MR analysis. Considering that obesity is widely
acknowledged as a major risk factor for T2D, the concept that PTSD
indirectly increases the risk of T2D by increasing obesity risk holds
merit. Indeed, a cohort study of veterans by Scherrer JF et al. (28)
affirmed that there was no significant association between PTSD and
the incidence of T2D after adjusting for obesity. Consequently, they
hypothesized that, in the absence of obesity, patients with PTSD would
not have an increased risk of T2D (28).

However, our findings suggest that PTSD contributes to an
increased genetic susceptibility to T2D through obesity, explaining
9.51% of the variance. Furthermore, PTSD also enhances genetic
susceptibility to T2D through hypertension, accounting for 2.09% of
the variance. Interestingly, the cumulative impact of obesity and
hypertension as mediators was only 11.60%, with smoking status,
alcohol consumption, and hyperlipidemia not contributing
significantly. This implies that PTSD may be an independent risk
factor for T2D. Several previous clinical studies and meta-analysis
substantiate this finding. A cohort study of U.S. military personnel
showed that PTSD remained significantly associated with an increased
risk of diabetes (OR, 2.07; 95% CI, 1.31-3.29) after adjusting for race,
gender, age, BMI, education, and mental health status (29). An analysis
of a national electronic database of community health services in the
Netherlands indicated a significantly higher prevalence of T2D in both
male patients with PTSD (APR, 1.40; 95% CI, 1.12-1.76) and female
patients with PTSD (APR, 1.22; 95% CI, 0.95-1.56) compared to
patients without PTSD (30). A meta-analysis of nine clinical studies
by Vancampfort D et al. (13) showed that the PTSD population had a
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FIGURE 5

Leave-one-out sensitivity analysis on the causal relationships between PTSD, T2D, and mediating factors. (A) PTSD on T2D; (B) PTSD on obesity;

(C) PTSD on hypertension; (D) PTSD on hyperlipidemia; (E) PTSD on alcohol consumption; (F) PTSD on smoking status; (G) Obesity on T2D;
(H) Hypertension on T2D.
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FIGURE 6

Mediated effect analysis on the causal relationships between PTSD and T2D. The dashed line represents the mediated effect, while the solid line
represents the direct effect.
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49% increased risk of T2D compared to the non-affected population
(RR, 1.49; 95% CI, 1.17-1.89). Additionally, a cohort study of U.S.
females indicated that females with the most PTSD symptoms had an
80% increased risk of T2D compared to females without trauma
exposure (HR, 1.80; 95% CI, 1.5-2.1) (31). The researchers of this
study concluded that PTSD severity was positively associated with the
risk of T2D, with more PTSD symptoms linked to a greater risk of T2D
(31). Another German cross-sectional study demonstrated that patients
with full PTSD had a substantial 290% increased risk of T2D compared
to those without traumatic events (OR, 3.90; 95% CI, 1.61-9.45) (32).
These pieces of evidence strongly suggest that PTSD is an independent
risk factor for T2D, and that the severity of the condition is positively
associated with the risk of T2D.

Consequently, PTSD emerges as an independent risk factor for
both obesity and T2D, increasing the risk of T2D both directly and
independently, as well as indirectly through obesity. Roberts AL et al.
(31) conducted a longitudinal study with a follow-up of up to 22 years
that supports our argument. They found that, after adjusting for BMI,
PTSD with varying numbers of symptoms remained associated with
an increased risk of T2D, although this association was weakened
(31). Vaccarino V et al. (15) further noted that the role of PTSD in
T2D includes its effects on BMI, lifestyle and metabolic factors. In
summary, the role of PTSD in increasing the risk of T2D is multi-
pathway and encompasses not only its direct effects on diabetes but
also its effects on other risk factors for diabetes.

Current studies suggest that the impact of PTSD on T2D may be
related to inflammatory responses and hypothalamic-pituitary-
adrenal axis (HPA) dysfunction. Firstly, individuals with PTSD had
higher plasma proinflammatory factor levels and exhibited a low
systemic proinflammatory state (33). Notably, these pro-
inflammatory factors, such as tumor necrosis factor-o. and
interleukin-6, were associated with an increased risk of insulin
resistance and pancreatic B-cell dysfunction (34). Secondly,
dysregulation of the HPA axis was identified as one of the
mechanisms involved in the development and progression of PTSD
(35), and it is similarly implicated in the pathogenesis of T2D. Under
normal physiological conditions, the HPA played a role in regulating
hormone levels associated with peripheral insulin sensitivity (36).
However, under pathological conditions, the HPA was activated by
stress, leading to elevated levels of glucocorticoids, which further
result in endocrine disorders such as insulin resistance, abdominal
obesity, hyperglycemia, etc. (36). As the current evidence is relatively
limited, more studies are warranted in the future to explore the
intrinsic mechanism of PTSD-mediated T2D.

In the same field of research, the Psychiatric Genomics
Consortium (PGC) updated and published the latest GWAS
dataset for PTSD in 2024 (37). It reported 95 SNPs significantly
associated with PTSD, including 16 core SNPs, namely rs2853999,
rs4810485, rs2384572, rs4626350, rs1051792, rs1051792,
rs4664313, rs115032094, rs116482870, rs342706, rs72957586,
rs805270, rs1054221, rs77874543, rs204993, and rs9461541 (37).
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However, these SNPs did not overlap with the 87 SNPs we included.
We speculate that this difference may be attributed to sample size,
population distribution, as well as data processing and quality
control. First, the number of participants and their genetic
diversity can affect the results. The sample size of the PTSD
dataset provided by PGC was 1,222,882 cases, while the sample
size of the PTSD dataset provided by FinnGen was only 339,859
cases, which may affect the detection results of SNPs. Second, even
within European ancestry, subtle population stratification may lead
to differences in genetic associations. FinnGen included primarily
individuals from Finland, a more genetically homogeneous group.
However, PGC included European ancestry groups from countries
such as the United States, Canada, Australia, the United Kingdom,
France, Germany, and the Netherlands, which may include more
genetic diversity. Third, each institution has independent data
processing pathways and quality control measures, which may
lead to differences in reported results. Moreover, to further
explore the genetic mechanisms contributing to the increased risk
of T2D associated with PTSD, we conducted a search for the 87
SNPs included in the study. Unfortunately, these SNPs have not
been cited in any publications, suggesting that their role or
significance in health and disease might not be well-established or
understood yet. More research is needed to explore the roles and
significance of these SNPs in the future.

Undoubtedly, this MR analysis has certain limitations. Firstly,
as entire datasets were derived from Europeans, the study primarily
elucidated the impact of PTSD on genetic susceptibility to obesity
and T2D within this ethnic group, and caution should be exercised
when extrapolating these findings to other ethnicities. Secondly,
since PTSD was derived from pooled GWAS data, the study
couldn’t separately analyze the role of different morbidity statuses
and various severities of PTSD on outcome variables. Thirdly, the
study could not exclude the potential impact of psychotropic drugs
on causal effects. Fourthly, potential unrecognized confounding
variables between PTSD and outcome variables may exist, posing a
risk of bias. Given these limitations, future studies could benefit
from improvements. Firstly, there is a need to further promote
global research on the human genome to establish a foundation for
understanding ethnically diverse genetics. Secondly, the promotion
of stratified clinical studies can help explore the effects of PTSD with
different morbidity statuses and severities, thereby enriching the
data for evidence-based studies.

5 Conclusion

This MR analysis suggests that PTSD increases the risk of T2D
and that this effect is partially mediated by obesity and hypertension.
Proactive prevention and treatment of PTSD can contribute to
reducing the risk of T2D. Further research is essential to delve into
the genetic mechanisms underlying PTSD in the future.
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