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Abstract

Prevalence of diabetes and prediabetes, post-traumatic stress disorder (PTSD)
as well as atherosclerotic cardiovascular disease is very high among veterans.
The primary aim of this study is to compare the rate of progression of pre-
diabetes to diabetes among veterans with or without PTSD and associated
conditions and or risk factors for that. This retrospective observational data-
base study included all subjects with prediabetes based on HbA1C (5.7 to 6.4),
after exclusion criteria between 2008 and 2019 at Veterans Health Adminis-
tration at Columbia, South Carolina. PTSD codes were used to identify vet-
erans with PTSD. Subjects with prediabetes identified include 72,604 with
mean age of 66 and mean HbA1C of 5.9% and 29% of them had PTSD. Fol-
low-up data is available for 62,184 subjects. Among those who had follow-up,
35% progressed to diabetes, while 65% remained as prediabetic. Progression
to diabetes negatively is correlated with HbA1C (r = 0.34; p < 0.001). Asso-
ciated other risks include obesity, hypertension and atherosclerotic cardi-
ovascular disease. The rate of progression was higher among subjects with
PTSD though much younger than those without PTSD.
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1. Background

Posttraumatic stress disorder (PTSD), traumatic exposure frequently involving
actual or threatened physical harm with very high prevalence rates of 12% - 30%
among combat veterans compared to life time risk of 7.8% in general population
in the United States [1]. Prediabetes (PDM) is an intermediate condition with
hemoglobin A1C (HbA1C) between 5.7 and 6.4, and at a higher risk of develop-
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ing type 2 diabetes. Both obesity and PTSD are common among veterans. Vet-
erans with PTSD are at higher risk for obesity [2]. In general, post-deployment
period is said to be critical for weight gain, more so among all veterans with
PTSD. Among veterans with PTSD, women veterans had a higher rate than men
[3]. In an observational study, reductions in PTSD scores were reported to be
associated with a lower risk of incident type 2 diabetes (T2DM) [4]. This incident
diabetes among veterans with PTSD is said to be 3.5 times higher compared to
those without obesity and that signifies the role of obesity for incident T2DM [5].
Obesity and overweight are high among veterans with obesity rates of 41% and
overweight of 37%. PTSD is associated with increased prevalence of DM [5] [6]
and cardiovascular disease [7] [8] [9] [10] [11]. Prevalence of diabetes and predia-
betes, PTSD as well as cardiovascular disease are very high among veterans. Preva-
lence of type 2 diabetes among veterans is >25%. In the USA, 33.9% population
(84.1 million adults) have prediabetes. The primary objectives of this study are to
compare the rate of progression of prediabetes to diabetes among veterans with or

without PTSD and identify associated conditions and or risk factors for that.

2. Methods

Design: Single center, retrospective study with subjects with prediabetes (he-
moglobin A1C between 5.7 and 6.4 at William Jennings Bryan Dorn Veteran
Hospital in Columbia SC. All available subjects have prediabetes from 2008 Jan-
uary to June 2019 with no exclusion criteria. The data of prediabetes is analyzed
between subjects with prediabetes and PTSD compared to that of prediabetes
without PTSD. The data for this study was collected from computerized patient
record system (CPRS) based on hemoglobin A1C who qualifies for Prediabetes
and without a diagnosis of diabetes or diabetes therapeutic medications; Codes
for PTSD used for presence or absence of PTSD, after approval by institutional

review board (IRB) as well as research and development board.

3. Statistical Analysis

Data collected is expressed as means and standard deviation of the mean. The
rate of progression to diabetes by each year and their relation to baseline HbA1C
was carried out. The associated risk factors in those progressed to diabetes are
compared between those with or without PTSD. Correlation between the rate of

progression with baseline HbA1C carried out.

4. Results

Among 72,604 subjects with PDM, 20,963 had PTSD while 51,641 subjects did
not have the diagnosis of PTSD. The comparative data of subjects with or with-
out PTSD is shown in Table 1. Among all the subjects with PDM, 62,140 had
follow up HbAIC and/or other labs. Follow up data includes follow up of 2 - 9
years. Among those who had follow up, 21,986 (35%) progressed to diabetes,

while 40,154 (65%) remained as prediabetic. Progression to diabetes negatively
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Table 1. Comparison of data between those who have PTSD and those without PTSD in
prediabetic veterans at baseline.

All Subjects  PDM + PTSD  PDM with no PTSD

Total number 72,604 20,963 51,641
Age 66 + 14 67 + 15 69 + 12
BMI 32+2.6 33+6 31+2.8
HbA1C 59+1.1 59+1.2 59+1.1
HTN (%) 55 56 57
ASCVD (%) 13 13 14
Hyperlipidemia/meds (%) 55 50 58

PTSD: post-traumatic stress disorder HTN: hypertension; ASCVD: atherosclerotic cardi-
ovascular disease; PDM: prediabetes; BMI: body mass index.

correlated with HbA1C (r = 0.34; p < 0.001). The comparative data of those pro-
gressed and who did not progress is shown in Table 2. The mean age of subjects
with PTSD who progressed to diabetes is 65 compared to those without PTSD is
69. The comparative data of associated risk factors include obesity, hypertension
and atherosclerotic cardiovascular disease among those progressed to T2Dm be-
tween those with or without PTSD are shown in Table 3. As noted in Table 3,
though the subjects with PTSD are much younger and less number of associated
risk factors have progressed to diabetes. The rate of progression to diabetes over
time and associated increased percentage of associated risk factors such as age,
hypertension, ASCVD and baseline HbA1C are shown in Table 4.

5. Discussion

Both obesity and PTSD are common among veterans. Veterans with PTSD are at
higher risk for obesity [2]. The findings of the current study suggest that subjects
with PTSD have higher BMI compared to those without PTSD as shown in Ta-
ble 1. The post-deployment period is critical for weight gain, particularly for
veterans diagnosed with PTSD, more so among women veterans with PTSD [3].
Obesity is a high-risk factor for insulin resistance. Obesity and overweight are
very high among veterans with obesity rates of 41% and overweight of 37%. In
this study, most of the prediabetics are obese. Lifestyle modification and weight
loss interventions have been successful in preventing or delaying progression
from PDM to T2DM in the Diabetes Prevention Program (DPP) [12] and Fin-
nish DPP [13].

There is a significant difference in the rate of progression to T2DM between
those with or without PTSD (p = 2.760E—16) as well as age (p = 1.7E-215) and
prevalence of atherosclerotic cardiovascular disease (p = 8.53E—22). Interesting-
ly, the rate of progression to diabetes negatively correlates with the baseline
HbA1C in subjects with PTSD (t = 0.338; p < 0.01). PTSD is associated with in-

creased prevalence of metabolic syndrome (21.3% vs controls 2.5%; p < 0.001)
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Table 2. Comparison of % progressed to diabetes, with or without PTSD.

Total Pro to DM % Pro No Prog % No Pro

PDM with F/U 62,140 21,986 35 40,154 65
PDM + PTSD 20,963 7017 335 13,974 66.6
PDM with No PTSD 41,177 14,969 36.4 26,208 63.6

F/U: follow up; %Pro: % progressed to diabetes; No Pro: not progressed to diabetes;
PTSD: post-traumatic stress disorder; PDM: prediabetes.

Table 3. Comparison of parameters between prediabetes subjects progressed to Diabetes
with or without PTSD.

PDM + No PTSD PDM + PTSD p-Value
No. 14969 7017 <0.01
Age 69 65 <0.01
HTN % 79 54 <0.01
CAD% 21 10 <0.01
HbALC 6.15 5.9 <0.01

HTN; hypertension; CAD: atherosclerotic heart disease; PDM: prediabetes; PTSD:
post-traumatic stress disorder.

Table 4. Rate of progression of prediabetes to diabetes each year from baseline.

% Sub Mean A1C Mean age HTN (%) ASCAD (%)

<1Y 35 6.23 70.3 81 22
1-2Y 25 6.17 69.4 78 18
2-3Y 13 6.12 69.2 78 16
3-4Y 9 6.1 68.4 71 13
4-5Y 6 6.07 68.7 70 13

>5Y 12 6.02 67.5 73 12

% sub: percentage of subjects progressed to diabetes; HTN: hypertension; ASCVD: athe-
rosclerotic cardiovascular disease.

and insulin resistance as calculated by HOMA-IR (4.3 + 4.3 vs controls 2.4 + 2.0;
P < 0.001) compared to controls [14]. In addition, inactivity can contribute for
the rate of progression to diabetes as reported in a study of physical activity and
physical performance among psychiatric disorders, Hall KS et al reported nega-
tive association between PTSD and physical function in older military veterans
[15]. These may be the reasons why the prevalence of DM is high among sub-
jects with PTSD. PTSD is said to be associated with increased prevalence of DM
[5] [6] and cardiovascular disease [7] [8] [9] [10] [11]. Combined islet dysfunc-
tion comprised of impaired insulin secretion and exaggerated glucagon secretion
is the key defect of hyperglycemia. In general, annual incidence rates for pro-
gression to T2DM were 7.6% [16], similar to our data that suggest 6% - 6.5%

annual progression. Importance of diet, lifestyle interventions and increased
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physical activity are said to decrease progression of PDM to diabetes [17] [18].
PTSD and associated cardiometabolic disease and its sequelae lead to diminished
quality of life, and also contribute substantially to the PTSD-associated excess
mortality rate, which is 2 - 3 times higher than the general population [19] [20]
[21] [22].

Our data shows that prevalence of hypertension and ASCVD is high among
subjects with no PTSD compared to those without PTSD. But the rate of pro-
gression is faster in association with higher rates of hypertension and ASCVD
presence as shown in Table 4. That indicates those with higher rates of metabol-
ic syndrome are at higher risk for progression to diabetes.

C-reactive protein (CRP), a marker of systemic inflammation, has been asso-
ciated with psychiatric disorders including major depressive disorder (MDD)
and PTSD. Prediabetes is associated with adverse cardiovascular risk, in addition
to be high risk of progression to diabetes. Framingham heart study indicated
noted that subjects with prediabetes who never progress to diabetes also confer
increased propensity for death from a cardiovascular cause.

Natural history of diabetes starts with genetic predisposition with normal
glucose tolerance followed by insulin resistance with weight gain, then predia-
betes and then progression to T2DM with superimposed beta cell failure. Thus,
PDM is a high-risk state for future development of T2DM. As PDM progresses
to T2DM glucolipotoxicity occurs. This glucolipotoxicity with metabolic de-
rangement is secondary to impaired S-Cell function leading to increase in fast-
ing and/or increase in post prandial glucose, release of fatty acids from adipose
tissue [23]. PTSD is associated with increased risk of type 2 diabetes (T2DM)
[24] [25]. Prevalence of diabetes and prediabetes, PTSD as well as cardiovascular
disease are very high among veterans. prevalence of type 2 diabetes among vet-
erans is >25%. In the USA, 33.9% population (84.1 million adults) have predia-

betes and most of them are >65 years old.

6. Conclusion

Early identification of high-risk pre-diabetic patients is a critical step in the
treatment and prevention of DM and associated atherosclerotic cardiac disease.
In subjects with PTSD, control of PTSD, increase in activity and preventing
weight gain and initiation of weight loss measures are important to prevent pro-

gression to diabetes and or regression to normoglycemia.

Limitations

Since it is a retrospective study, two-hour post prandial glucoses are not availa-
ble. Second limitation is limited information on family history of diabetes and
socioeconomic status. Third is lack of lifestyle information. Fourth is the activity
of PTSD.
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