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Abstract

Background Posttraumatic stress disorder (PTSD) is associated with cardiometabolic diseases, concurrent anxiety,
alcohol use disorder and depression. The relationship between PTSD and cardiometabolic diseases are still unclear,
and less is known about the effects of socioeconomic status, comorbid anxiety, comorbid alcohol use disorder and
comorbid depression. The study, therefore, aims to examine the risk of developing cardiometabolic diseases includ-
ing type 2 diabetes mellitus over time in PTSD patients, and to what extent socioeconomic status, comorbid anxiety,
comorbid alcohol use disorder and comorbid depression attenuate associations between PTSD and risk of develop-
ing cardiometabolic diseases.

Method A retrospective, register-based cohort study with 6-years follow-up of adult (> 18 years) PTSD patients (N=7
852) compared with the general population (N=4 041 366), was performed. Data were acquired from the Norwegian
Patient Registry and Statistic Norway. Cox proportional regression models were applied to estimate hazard ratios (HRs)
(99% confidence intervals) of cardiometabolic diseases among PTSD patients.

Results Significantly (p <0.001) higher age and gender adjusted HRs were disclosed for all cardiometabolic diseases
among PTSD patients compared to the population without PTSD, with a variation in HR from 3.5 (99% Cl 3.1-3.9) for
hypertensive diseases to HR=6.5 (5.7-7.5) for obesity. When adjusted for socioeconomic status and comorbid mental
disorders, reductions were observed, especially for comorbid depression, for which the adjustment resulted in HR
reduction of about 48.6% for hypertensive diseases and 67.7% for obesity.

Conclusions PTSD was associated with increased risk of developing cardiometabolic diseases, though attenuated
by socioeconomic status and comorbid mental disorders. Health care professionals should be attentive towards the
burden and increased risk that low socioeconomic status and comorbid mental disorders may represent for PTSD
patients’ cardiometabolic health.
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Introduction

Posttraumatic stress disorder (PTSD) [1], a severe
sequela of traumatic experiences, characterized by symp-
toms such as flashbacks; nightmares; avoidance; a sense
of “numbness” and emotional blunting; anhedonia and
acute burst of fear or panic, frames a significant part of
the population. Lifetime prevalence of PTSD is estimated
to be 3.9%, with a variation of 2.1% in lower to low mid-
dle income countries and 5.0% in high-income countries
[2]. PTSD, in turn, is associated with poorer physical
health and health related quality of life [3] and lower life
expectancy [4].

Although several systematic reviews and meta-analyses
during the past years indicate increased risk for devel-
oping cardiometabolic diseases, e.g., cardiovascular dis-
eases (CVD), cardiovascular risk factors such as type
2 diabetes mellitus (T2DM), and metabolic syndrome
(MetS) in people with PTSD [5-7], a causal relationship
has been difficult to establish [8]. The pathogenesis of
cardiometabolic diseases in people with PTSD is com-
plex, consisting of biological, psychosocial and behav-
ioural factors (e.g., eating behavior, physical inactivity
and smoking) [9]. For example, traumatic stress might
impact eating behavior [10], that over time can cause
adverse health consequences. Koenen, et al. [8] suggest at
least five different causal structures explaining the statis-
tical association between PTSD and cardiometabolic dis-
eases; 1) a confounding bias explaining the relationship
(e.g., trauma exposure and socioeconomic status (SES));
2) a reverse causal association, i.e., myocardial infarc-
tion can lead to PTSD; 3) a one-way link between PTSD
and cardiometabolic disease, i.e.,, PTSD causes cardio-
metabolic diseases; 4) a mediating factor explaining the
association, e.g. smoking; or 5) a two-way association,
i.e., scenario 2 and 3. However, although the majority
of previous studies have found an association between
PTSD and an increased risk of cardiometabolic diseases,
Crum-Cianflone, et al. [11] found that PTSD symptoms
in United States military personnel was not associated
with coronary heart diseases after adjustment for depres-
sion and anxiety.

People with PTSD are often diagnosed with concur-
rent alcohol use disorder (AUD) [12], depressive dis-
orders [13] and anxiety [14]. Estimated prevalence for
co-occurring AUD range between 13% in Denmark
to 55% in USA [14-16], while for co-occurring major
depressive disorder and anxiety, the prevalence is esti-
mated to be 52% and 49%, respectively [13, 14]. Both anx-
iety, AUD, and depressive disorders are in turn associated
with increased risk of cardiometabolic diseases [17-19].
However, research on the effect of comorbid AUD on
the risk of developing cardiometabolic diseases in people
with PTSD is so far limited, and the majority of studied
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populations regarding impacts of comorbid depression
on the association between PTSD and cardiometabolic
diseases consist of war veterans and military service per-
sonnel. In addition, since the effect of depression and
anxiety on the cardiovascular system seems comparable,
Batelaan, et al. [20] suggests adjusting for anxiety when
examining the effect of depression on the cardiovascular
system.

As people with PTSD are a particularly vulnerable
group for developing cardiometabolic diseases, which
may negatively impact quality of life and life expectancy,
knowledge about how health and disease develops over
time, including possible risk factors for development of
serious diseases, is of importance for developing meas-
ures to prevent diseases and early death. Confounding
factors such as gender, increased age and SES appear
to impact on health outcome [5, 21-23], and should
thus be considered when studying health and diseases
in a population. Moreover, mental disorders are associ-
ated with lower SES [24]. Large population-based ret-
rospective cohort studies, investigating the occurrence
of cardiometabolic diseases, including the effect of SES,
comorbid anxiety, comorbid AUD and comorbid depres-
sion, in people with PTSD, are limited and there is a need
for further exploration. The present study thus aims to
answer the following research questions; 1) what is the
risk of developing cardiometabolic diseases including
T2DM over time in PTSD patients? and 2) to what extent
do SES, comorbid anxiety, comorbid AUD and comorbid
depression attenuate associations between PTSD and risk
of developing cardiometabolic diseases?

Methods

Study design and population

This is a register-based cohort study combining soci-
odemographic information from Statistics Norway and
information on physical diseases and mental disorders
obtained from the Norwegian Patient Registry (NPR).
NPR holds data on all registered diagnoses obtained
during contacts with specialist health care services. The
unique number assigned to each person enables tracking
the same patient over time from hospital to hospital, and
analysing the data without concern of duplicates of cardi-
ometabolic events. All diagnoses are based on the back-
ground of the International Classification of Diseases 10
Revision (ICD-10) codes [1]. As illustrated in Fig. 1, the
total identified study population consisted of all adults
18 years or older who were legal residents in Norway
starting from January 1, 2008 to December 31, 2016
(N=4 652 365). PTSD patients (N=8 997) were identi-
fied during the preceding 2 years (2008—2009), and then
followed for cardiometabolic comorbidity for 6 years,
from January 1, 2010, through December 31, 2016.
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Total identified population from SSB
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Fig. 1 Study population flow chart

People who were registered as deceased (N=363 783)
during the study period (2008-2016) were excluded from
analysis, and a two years washout period (2008—2009)
was performed to exclude all individuals with cardio-
metabolic diseases (N=792 with PTSD and N=238 572
without PTSD).

Exposure, explanatory and outcome variables

All diagnoses were received during outpatient and inpa-
tient contacts with specialist healthcare between 2008
and 2016. We defined cardiovascular diseases, endo-
crine and metabolic diseases according to the ICD-10
codes [1]. The following dichotomous variables in Table 1

representing ICD-10 diagnostic categories were coded to
specific disorders.

Covariates

Age and gender were used as covariate variables. The age
variable (per 1. January 2008) was used as a continuous
variable. Gender was coded 0 for males and 1 for females.
We included being recipient of social benefits as an index
for SES. According to the EU-scale, household poverty
is defined as less than 60% of the annual median dispos-
able equivalised household income after adjusted for the
size of household members. A dummy variable (0 and 1)
was constructed to indicate whether participants were
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Table 1 ICD-10 codes and year of diagnosis for primary
exposure variables, explanatory variables and outcome variables

ICD-10 Codes Year of diagnosis

Primary exposure variable

PTSD F43.1 2008-2009
Explanatory variables
Anxiety F40-F41 2008-2009
AUD F10 2008-2009
Depression F32-F33 2008-2009
Outcome variables
Cardiovascular diseases
Hypertensive diseases 110-115 2010-2016
Ischaemic heart diseases 120-125 2010-2016
Pulmonary heart diseases 126-128 2010-2016
Cerebrovascular diseases 160-169 2010-2016
Endocrine and metabolic diseases
Diabetes mellitus E10-E14 2010-2016
Obesity E66 2010-2016
Metabolic disorders E70-E90 2010-2016

defined as living in a household with poverty in each year.
A sum score for all years was calculated with 0 being the
lowest score (no years in poverty) and 9 being the high-
est sum score (in poverty during all years in the study).
A higher sum score indicates more years with household
poverty between 2008 and 2016.

Statistical analysis

Before the analysis, a directed acyclic graph (DAG) [25]
was created to identify and illustrate unobserved and
adjusted variables, and causal pathways (Online Sup-
plementary Fig. 1). The Cox proportional regression
models were applied to estimate the risks of cardiometa-
bolic diseases (event outcomes) among PTSD patients
(an independent risk factor). Hazard ratios (HRs) with
99% confidence intervals (99% Cls) were reported, with
calendar year as the underlying time axis. A stepwise
regression was applied: model 1 presents age and gender
adjusted HR estimates; HR estimates in model 2 adjusted
for age, gender and recipient of social welfare (SES indi-
cator); HR estimates in model 3 adjusted for age, gender,
SES indicator and comorbid anxiety; HR estimates in
model 4 adjusted for age, gender, SES indicator, comor-
bid anxiety and comorbid AUD; HR estimates in model 5
adjusted for age, gender, SES indicator, comorbid anxiety
and comorbid depression; and HR estimates in model 6
adjusted for age, gender, SES indicator, comorbid anxiety,
comorbid depression and comorbid AUD. Estimates were
judged as statistically significant when p-values<0.01.
The analyses were performed using Stata SE/16.
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The proportional hazard assumptions were tested for
each model on the basis of Schoenfeld residuals. Since
some of the covariates did not often meet the propor-
tional hazards assumption after fitting each model (“estat
phtest tests”), interaction terms between time and time-
variant covariates (age and SES), including specified
stratification for gender in all models, were added.

To evaluate our findings against potential confound-
ing factors, a sensitivity analysis was performed. The
E-values for the association in the model adjusted for
comorbid mental disorders found in our Cox regres-
sion analysis were calculated. The E-value represent the
minimum strength of association between outcome and
unmeasured confounding factors that would be required
to explain away the association between the outcome
variable and explanatory variables presented in the Cox
regression. An E-value that is small relative to the HR
would indicate that even weak confounding effects could
explain the association, while a relatively large E-value
suggests that the association is unlikely to be explained
by confounding factors [26] (Online Supplement Table 1).

Ethics

All study procedures were approved by the Norwegian
Regional Committee for Medical and Health Research
Ethics (ref: 17/26919-5).

Results

Description of the study population

A descriptive summary of the study population’s charac-
teristics is presented in Table 2. Among the total of 7 852
adults (> 18 years) registered with the diagnosis PTSD in
the period 2008-2009, a higher number of women (N=5
372, 68.4%) than men (N=2 480, 31.6%). For the popu-
lation with PTSD patients, the mean age was 37.8 years
(SD=11.5), and the mean for receiving social welfare
(ranging from 0 to 9) 0.6 (SD=1.2). For the population
without PTSD, the mean age was 44.7 years (SD=15.9),
and the mean for receiving social welfare was 0.1
(SD=0.4).

During 2008-2009, the proportion registered with
comorbid mental disorders was higher among PTSD
patients compared with the general population without
PTSD. Compared with the population without PTSD, a
smaller proportion of the population with PTSD patients
was registered with hypertensive diseases, ischaemic
heart diseases and cerebrovascular diseases during the
period 2010-2016. A larger proportion of the popula-
tion with PTSD patients was registered with pulmonary
heart diseases, diabetes mellitus, obesity and metabolic
disorders than the population without PTSD during the
period 2010-2016.
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Table 2 Descriptive summary of the study population
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Population without PTSD
(N=4041 366, 100%)

Population with PTSD
(N=7 852, 100%)

Covariates and explanatory variables
Gender: N (%)

Men 2286 220 (56.6) 2480 (31.6)

Women 1755121 (43.4) 5372 (68.4)
Age (years): Mean (SD) 44.7 (15.9) 37.8(11.5)
Anxiety: N (%) 33181(0.8) 1411 (18.0)
AUD: N (%) 13401 (0.3) 417 (5.3)
Depression: N (%) 48 586 (1.2) 2477 (31.6)
Recipient of social welfare: Mean (SD) 0.1(04) 06(1.2)

Event outcomes: N (%)

Hypertensive diseases 245062 (6.1) 428 (5.5)
Ischaemic heart diseases 127 359 (3.2) 230 (2.9)
Pulmonary heart diseases 17 353 (0.4) 43(0.6)
Cerebrovascular diseases 58621 (1.5) 06 (1.4)
Diabetes mellitus 98 574 (2.4) 293 (3.7)
Obesity 45949 (1.1) 344 (4.4)
Metabolic disorders 134367 (3.3) 9(6.6)

Risks of cardiometabolic diseases among PTSD patients
and the effect of SES and comorbid mental disorders

Table 3 presents results (HR with 99% CI) from stepwise
Cox regression models, showing HR for cardiometabolic
diseases in PTSD patients adjusted for age and gender in
model 1; age, gender and SES indicator in model 2; age,
gender, SES indicator and comorbid anxiety in model 3;

age, gender, SES indicator, comorbid anxiety and comor-
bid AUD in model 4; age, gender, SES indicator, comor-
bid anxiety and comorbid depression in model 5; and
age, gender, SES indicator, comorbid anxiety, comorbid
depression and comorbid AUD in model 6.

Age and gender adjusted estimates in model 1 pre-
sents significantly higher HRs of all cardiometabolic

Table 3 Cox regression models showing adjusted HRs of cardiometabolic comorbidities among PTSD patients compared to the

population without PTSD

Event outcomes Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
HR HR HR HR HR HR
(99% CI) (99% CI) (99% ClI) (99% CI) (99% CI) (99% CI)
Hypertensive diseases 35 3.1 26 24 1.8 1.8
(3.1-3.9) (2.7-3.5) (23-2.9) (2.1-2.7) (1.6-2.1) (1.6-2.1)
Ischaemic heart diseases 4.2 3.6 29 2.7 20 20
(3.6-5.0) (3.1-4.3) (25-3.5) (23-32) (1.7-24) (1.7-2.4)
Pulmonary heart diseases 4.6 38 29 2.7 1.9 1.9
(3.1-6.8) (26-5.7) (1.9-4.3) (1.8-4.0) (1.3-2.9) (12-2.8)
Cerebrovascular diseases 4.2 35 2.8 25 18 1.8
(3.3-54) (2.7-4.5) (2.1-3.6) (1.9-3.2) (1.4-24) (14-23)
Diabetes mellitus 50 4.1 33 3.1 2.2 2.2
(4.3-5.8) (3.5-4.7) (2.8-3.8) (2.6-3.6) (1.9-26) (1.9-26)
Obesity 6.5 50 36 34 2.1 20
(5.7-7.5) (4.3-5.7) (3.1-4.2) (2.9-3.9) (1.8-2.4) (1.8-23)
Metabolic disorders 6.2 50 37 3.1 23 2.2
(5.5-6.9) (4.5-5.6) (3.3-4.1) (2.8-3.5) (2.1-2.6) (2.0-2.5)

Model 1 =estimates adjusted for age and gender; model 2 = estimates adjusted for age, gender and recipient of social welfare (SES indicator); model 3 = estimates
adjusted for age, gender, SES indicator and comorbid anxiety; model 4 = estimates adjusted for age, gender, SES indicator, comorbid anxiety and comorbid AUD;
model 5=estimates adjusted for age, gender, SES indicator, comorbid anxiety and comorbid depression; model 6 =estimates adjusted for age, gender, SES indicator,
comorbid anxiety, comorbid depression and comorbid AUD. All HR estimates are statistically significant under p-value less than 0.001
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diseases among PTSD patients compared to the popula-
tion without PTSD, ranging from 3.5 (99% CI 3.1-3.9) for
hypertensive diseases to 6.5 for obesity (99% CI 5.7-7.5).
Although adjusting for SES and comorbid mental disor-
ders in model 2—6 resulted in reductions of HR estimates
of all cardiometabolic diseases, PTSD patients still had
statistically significant higher HRs in all cardiometabolic
diseases than the population without PTSD. E-values that
were calculated for model 6 indicated relatively robust
estimates of HRs (Online Supplement Table 1).

Compared to model 1, HR estimates in model 2
decreased for all cardiometabolic diseases; 11.4% for
hypertensive diseases; 14.3% for ischaemic heart dis-
eases, 17.4% for pulmonary heart diseases; 16.7% for cer-
ebrovascular heart diseases; 18.0% for diabetes mellitus;
23.1% for obesity, and 19.4% for metabolic disorders.

Compared to model 2, HR estimates in model 3
decreased for all cardiometabolic diseases; 16.1% for
hypertensive diseases; 19.4% for ischaemic heart dis-
eases; 23.7% for pulmonary heart diseases; 20.0% for cer-
ebrovascular diseases; 19.5% for diabetes mellitus; 28.0%
for obesity, and 26.0% for metabolic disorders.

Compared to model 3, HR estimates in model 4
decreased for all cardiometabolic diseases; 7.7% for
hypertensive diseases; 6.9% for ischaemic heart diseases;
6.9% for pulmonary heart diseases; 10.7% for cerebrovas-
cular heart diseases; 6.1% for diabetes mellitus; 5.6% for
obesity, and 16.2% for metabolic disorders.

The largest reduction in HR was observed in model 5
and 6. Compared to model 3, HR estimates in these mod-
els decreased for all cardiometabolic diseases; 30.8% for
hypertensive diseases; 31.0% for ischaemic heart dis-
eases; 34.5% for pulmonary heart diseases; 35.7% for
cerebrovascular heart diseases; 33.3% for diabetes mel-
litus; respectively 41.7% and 44.4%, for obesity, and
respectively 37.8% and 40.5% for metabolic disorders.
Compared to model 5, HR estimates in model 6 only
decreased for obesity and metabolic disorders, 4.8% and
4.3% respectively.

Discussion

The main finding in this large retrospective registry-based
population study is that PTSD patients had increased risk
of developing cardiometabolic diseases, compared to the
general population without PTSD. Adjusted for SES and
comorbid mental disorders, the association was attenu-
ated, strongest by comorbid depression.

Our results confirm previous findings of associations
between PTSD and increased risk of developing cardio-
metabolic diseases [5-7]. The theory of allostatic load
[27], which refers to the cumulative burden of chronic
stress and stressful life events, can contribute to the
understanding of the association between PTSD and

Page 6 of 9

cardiometabolic diseases. Allostatic load is associated
with increased risk of several cardiometabolic diseases,
and early traumatic life experiences have been associ-
ated with high levels of allostatic load in adulthood [28].
If environmental challenges exceed the individual’s abil-
ity to cope, there is an allostatic overload, which might
involve consequences such as low SES, poor sleep,
physical inactivity, smoking, alcohol consumption and
unhealthy eating [28], which in turn can lead to poor
health outcomes. For example, in a recent qualitative
study [10], trauma exposed inpatients described how
traumatic stress impacted their eating behaviors, and
for some, consumption of food and snacks with high
amounts of sugar, salt and saturated fat.

Furthermore, traumatic experiences can cause several
physiological and somatic responses, which in turn can
influence the developing of cardiometabolic diseases.
Stress affects secretion of stress hormones and thereby
peripheral organs, especially the cardiovascular and
immune systems, i.e. via neurotransmitters and hor-
mones in the hypothalamus—pituitary—adrenal axis (HPA
axis) and the sympathetico-adrenal-medullary system
(SAM system) [29]. Chronic stress appears to affect met-
abolic processes through oxidative stress in fat cells and
the cells’ mitochondria. This might lead to increased vis-
ceral fat deposits [30]. Increased inflammatory cytokine
levels in PTSD patients has also been found [31].

The attenuating effect of SES on the association
between PTSD and the risk of developing cardiometa-
bolic diseases supports previous reports showing that the
risk of developing cardiometabolic diseases such as CVD
and T2DM increases with lower SES [21]. Long-term
social assistance recipients can limit life opportunities
and income trajectories [32], and lead to poor health out-
comes and social health inequities [23], which should be
taken into account by the healthcare providers and policy
makers.

Furthermore, results from previous research suggests
comparable effects of depression and anxiety on the risk
of cardiovascular diseases [20]. Surprisingly, our results
documented a larger attenuating effect of comorbid
depression than comorbid anxiety on the risk of all cardi-
ometabolic diseases in PTSD patients. However, accord-
ing to the ICD-10, PTSD is categorized as an anxiety
disorder. Since symptoms of anxiety disorders and PTSD
can overlap, this may explain why depression showed a
greater effect than anxiety in this current study.

The attenuating effect of comorbid AUD on the asso-
ciation between PTSD and the risk of developing cardi-
ometabolic diseases has been less studied, although the
consequences of long-term alcohol use on the cardiovas-
cular system, e.g. hypertension, cardiac arrhythmia, car-
diomyopathy and heart failure are well established [33].
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However, PTSD patients with comorbid AUD have also
been shown to have poor access and use of healthcare
services [34, 35], which might explain the increased risk
of cardiometabolic diseases.

Our findings of an attenuating effect of comorbid
depression are in line with previous studies. Earlier
research has documented attenuating effects of comorbid
depression in several cardiometabolic diseases among
people with PTSD [36-38]. Furthermore, biological
mechanisms in depression, including dysregulation of
the HPA-axis function [39], and increased levels of pro-
inflammatory cytokines [40], might explain the increased
risk of developing cardiometabolic diseases. Genetic
mechanisms are possible underlying factors for the devel-
opment of both depression and cardiovascular diseases
[41].

Additionally, the attenuating effect of comorbid mental
disorders might both be related to confounding behavio-
ral factors such as physical inactivity, poor dietary habits
and smoking [42—-46], while in turn can increase the risk
of cardiometabolic diseases including T2DM [47].

Strengths and limitations

There are several strengths in this large population-based
cohort-study. Firstly, the study includes data about all
registered cases of cardiometabolic diseases across two
large groups over six years, which thus brings adequate
statistical power to detect differences. Secondly, the cov-
erage of healthcare services and the quality of health
records in Norway is considered to be high [48], and
clinical set diagnosis in the NPR are found to be accu-
rate and consistent compared to research-based diagno-
sis of severe mental disorders [49]. The NPR data used
in this study are therefore considered to be highly reli-
able. Thirdly, clinically set diagnosis from specialist care
may, or may not, be reliable, but systematic differences
between the populations are nevertheless unlikely, mak-
ing the relative estimates valid.

There are, however, some challenges in the present
study that are important to note. The e-values calcu-
lated for model seven should be interpreted with cau-
tion because they do not necessarily reflect reality.
Further, the registries do not have information about
the type of traumatic exposure, psychotherapy, medica-
tion use, volume of health care utilization (i.e. number of
clinic encounters per month or year), or health behavior
(e.g., eating behavior, nicotine dependence and physical
activity level) that may constitute confounding factors;
information about severity of AUD (e.g., volume and fre-
quency of consumption); information about the onset
and duration of problematic alcohol consumption; or
information about the time where diagnosis of PTSD and
comorbid mental disorders were set. There is a possibility
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to adjust for all F-codes (00-99) in the ICD-10 as an indi-
cator for volume of healthcare utilization, however due to
concerns for overadjustment, we did not. Further, a wor-
ryingly large proportion of trauma-exposed people with
PTSD symptoms do not seek help and are more likely to
use alcohol as self-medication [50]. In addition, misdi-
agnosis and under diagnosis of PTSD is not uncommon
[51]. Finally, use of registry-data from NPR might pro-
mote a risk of misclassification.

Implications and further research

The results of this present study highlight some impor-
tant implications that could be relevant for clinical
practice and policy development practice. As this study
documented higher risk of cardiometabolic diseases
among PTSD patients compared to the population with-
out PTSD, this suggests a need for somatic health in
PTSD patients to be given high priority by healthcare
professionals, and that screening for somatic health
should be considered as a routine part of the follow-up
of PTSD patients to expose cardiometabolic risk factors
and diseases and be able to start early preventive inter-
ventions. Furthermore, healthcare professionals should
be aware of the additional burden these comorbid mental
disorders may represent for PTSD patients’ cardiometa-
bolic health, and consider offering concomitant treat-
ment of the disorders. In addition, with a political goal of
levelling out social inequalities in health, the authorities
should be attentive to, and take seriously, the increased
risk that low SES may entail for cardiometabolic health
in vulnerable groups such as PTSD patients. The com-
plexity of the association between PTSD and cardiometa-
bolic risk factors and diseases warrants future research to
explore the effects of possible confounding factors such
as health behavior (e.g., diet, physical activity, alcohol use
and smoking).

Conclusion

The current study shows that PTSD was associated with
increased risk of developing cardiometabolic diseases,
and that SES and comorbid mental disorders attenu-
ated the risk. In other words, low SES and comorbid
mental disorders in PTSD patients were associated with
increased risk of developing cardiometabolic diseases.
This implies that social inequalities in health among
vulnerable populations like PTSD patients should be
targeted.

Abbreviations

AUD Alcohol use disorder

@ Confidence Interval
CVvD Cardiovascular diseases
DAG Directed acyclic graph
HR Hazard Ratio



Roer et al. BMC Psychiatry (2023) 23:349

ICD-10 International Classification of Diseases 10! Revision
MetS Metabolic syndrome
NPR Norwegian Patient Registry

PTSD Posttraumatic stress disorder
T2DM Type 2 diabetes mellitus
SES Socioeconomic status

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512888-023-04866-x.

Additional file 1: Supplemental material Figure 1. Directed acyclic
graph for the association between PTSD and cardiometabolic diseases.
Supplemental material Table 1. E-values for the HRs of cardiometabolic
comorbidities among PTSD patients compared to the population without
PTSD.

Acknowledgements
Not applicable.

Disclaimer
The funder had no role in study design, data collection, data analysis, data
interpretation, or writing of the report.

Authors’ contributions

Conceptualization and design of the study: GER, LL, 1B, DSA. Preparation
of data file and statistical analysis: DSA. Interpretation and reporting of the
results: GER, LL, IB, JOA, DSA. Writing the first draft of the manuscript: GER.
Drafting, reviewing, editing and final approval: GER, LL, IB, JOA, DSA. The
author(s) read and approved the final manuscript.

Funding

This research were funded by Innlandet Hospital Trust through the research pro-
ject awarded to Ph.D. fellow Roer Is traumatic experiences a risk factor for meta-
bolic syndrome and type 2 diabetes mellitus?’ (project number 150632) and
from the Southern and Eastern Norway Regional Health Authority through the
research project awarded to Professor Abebe ‘Patterns and courses of somatic
iliness and the utilization of health services among patients with substance use
disorders and/or mental disorders in Norway’ (project number 150901).

Availability of data and materials

The data that support the findings of this study are available from Statistics
Norway and Norwegian Directorate of Health for the Norwegian Patient Reg-
ister, but restrictions apply to the availability of these data, which were used
under license for the current study, and so are not publicly available. Data are
however available from the corresponding author upon reasonable request
and with permission of Statistics Norway and Norwegian Directorate of Health
for the Norwegian Patient Register.

Declarations

Ethics approval and consent to participate

Informed Consent to participate was not required since this study uses already
existing administrative data. Informed Consent to participate was waived

by Norwegian Regional Committee for Medical and Health Research Ethics
South East Norway (ref: 17/26919-5). All authors declare that all procedures
contributing to this work have been performed in accordance with the ethical
standards of the 1975 Helsinki Declaration, as reproduced in 2008 and Nor-
wegian Regional Committee for Medical and Health Research Ethics. Ethical
approval for this study was granted by the Norwegian Regional Committee for
Medical and Health Research Ethics South East Norway (ref: 17/26919-5) and
all registry owners approved the use of their data.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Page 8 of 9

Author details

"Norwegian National Advisory Unit on Concurrent Substance Abuse and Men-
tal Health Disorders, Innlandet Hospital Trust, PO. Box 104, NO-2381 Brumund-
dal, Norway. 2Department of Nursing and Health Promotion, Oslo Metro-
politan University, St. Olavs Plass, PO. Box 4, NO-0130 Oslo, Norway. *Faculty

of Social and Health Sciences, Inland Norway University of Applied Sciences,
PO. Box 400, NO-2418 Elverum, Norway. “Research Department, Innlandet
Hospital Trust, PO. Box 104, NO-2381 Brumunddal, Norway.

Received: 6 July 2022 Accepted: 13 May 2023
Published online: 20 May 2023

References

1. WHO.The ICD-10 classification of mental and behavioural disorders :
clinical descriptions and diagnostic guidelines. Geneva: World Health
Organization; 1992.

2. Koenen KC, Ratanatharathorn A, Ng L, McLaughlin KA, Bromet EJ, Stein
DJ, Karam EG, Meron Ruscio A, Benjet C, Scott K, et al. Posttraumatic stress
disorder in the World Mental Health Surveys. Psychol Med. 2017;47:2260~
74. https://doi.org/10.1017/50033291717000708.

3. Pacella ML, Hruska B, Delahanty DL. The physical health consequences
of PTSD and PTSD symptoms: a meta-analytic review. J Anxiety Disord.
2013,27:33-46. https://doi.org/10.1016/jjanxdis.2012.08.004.

4. Lohr JB, Palmer BW, Eidt CA, Aailaboyina S, Mausbach BT, Wolkowitz OM,
Thorp SR, Jeste DV. Is Post-Traumatic Stress Disorder Associated with Pre-
mature Senescence? A Review of the Literature. Am J Geriatr Psychiatry.
2015;23:709-25. https://doi.org/10.1016/}jagp.2015.04.001.

5. Vancampfort D, Rosenbaum S, Ward PB, Steel Z, Lederman O, Lamwaka
AV, Richards JW, Stubbs B. Type 2 Diabetes Among People With Posttrau-
matic Stress Disorder: Systematic Review and Meta-Analysis. Psychosom
Med. 2016;78:465-73. https://doi.org/10.1097/PSY.0000000000000297.

6. Dedert EA, Calhoun PS, Watkins LL, Sherwood A, Beckham JC. Posttrau-
matic stress disorder, cardiovascular, and metabolic disease: a review of
the evidence. Ann Behav Med. 2010;39:61-78. https://doi.org/10.1007/
$12160-010-9165-9.

7. Rosenbaum S, Stubbs B, Ward PB, Steel Z, Lederman O, Vancampfort D.
The prevalence and risk of metabolic syndrome and its components
among people with posttraumatic stress disorder: a systematic review
and meta-analysis. Metabolism. 2015;64:926-33. https://doi.org/10.
1016/j.metabol.2015.04.009.

8. Koenen KC, Sumner JA, Gilsanz P, Glymour MM, Ratanatharathorn A, Rimm
EB, Roberts AL, Winning A, Kubzansky LD. Post-traumatic stress disorder and
cardiometabolic disease: improving causal inference to inform practice.
Psychol Med. 2017;47:209-25. https.//doi.org/10.1017/50033291716002294.

9. Ryder AL, Azcarate PM, Cohen BE. PTSD and Physical Health. Curr Psychia-
try Rep. 2018;20:116. https://doi.org/10.1007/511920-018-0977-9.

10. Roer GE, Solbakken HH, Abebe DS, Aaseth JO, Bolstad |, Lien L. Inpatients
experiences about the impact of traumatic stress on eating behaviors: an
exploratory focus group study. J Eat Disord. 2021;9:119. https://doi.org/
10.1186/540337-021-00480-y.

11. Crum-Cianflone NF, Bagnell ME, Schaller E, Boyko EJ, Smith B, Maynard
C, Ulmer CS, Vernalis M, Smith TC. Impact of Combat Deployment and
Posttraumatic Stress Disorder on Newly Reported Coronary Heart Disease
Among US Active Duty and Reserve Forces. Circulation. 2014;129:1813-
20. https://doi.org/10.1161/CIRCULATIONAHA.113.005407.

12. Jacobsen LK, Southwick SM, Kosten TR. Substance use disorders in
patients with posttraumatic stress disorder: a review of the literature. Am J
Psychiatry. 2001;158:1184-90. https://doi.org/10.1176/appi.ajp.158.8.1184.

13. Rytwinski NK, Scur MD, Feeny NC, Youngstrom EA. The Co-Occurrence of
Major Depressive Disorder Among Individuals With Posttraumatic Stress
Disorder: A Meta-Analysis. J Trauma Stress. 2013;26:299-309. https://doi.
0rg/10.1002/jts.21814.

14.  Smith SM, Goldstein RB, Grant BF. The association between post-traumatic
stress disorder and lifetime DSM-5 psychiatric disorders among veterans:
Data from the National Epidemiologic Survey on Alcohol and Related
Conditions-IIl (NESARCHIII). J Psychiatr Res. 2016;82:16-22.

15. De Matos MB, de Mola CL, Trettim JP, Jansen K, da Silva RA, Souza LD, Ores
LdC, Molina ML, Coelho FT, Pinheiro RT. Psychoactive substance abuse and


https://doi.org/10.1186/s12888-023-04866-x
https://doi.org/10.1186/s12888-023-04866-x
https://doi.org/10.1017/S0033291717000708
https://doi.org/10.1016/j.janxdis.2012.08.004
https://doi.org/10.1016/j.jagp.2015.04.001
https://doi.org/10.1097/PSY.0000000000000297
https://doi.org/10.1007/s12160-010-9165-9
https://doi.org/10.1007/s12160-010-9165-9
https://doi.org/10.1016/j.metabol.2015.04.009
https://doi.org/10.1016/j.metabol.2015.04.009
https://doi.org/10.1017/S0033291716002294
https://doi.org/10.1007/s11920-018-0977-9
https://doi.org/10.1186/s40337-021-00480-y
https://doi.org/10.1186/s40337-021-00480-y
https://doi.org/10.1161/CIRCULATIONAHA.113.005407
https://doi.org/10.1176/appi.ajp.158.8.1184
https://doi.org/10.1002/jts.21814
https://doi.org/10.1002/jts.21814

Roer et al. BMC Psychiatry (2023) 23:349

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

dependence and its association with anxiety disorders: a population-based
study of young adults in Brazil. Braz J Psychiatry. 2018;40:349-53.

Toftdahl NG, Nordentoft M, Hjorthgj C. Prevalence of substance use
disorders in psychiatric patients: a nationwide Danish population-based
study. Soc Psychiatry Psychiatr Epidemiol. 2016;51:129-40. https://doi.org/
10.1007/500127-015-1104-4.

Abebe DS, Lien L, Bramness JG. Effects of age and gender on the relation-
ship between alcohol use disorder and somatic diseases: a national register
study in Norway. BMJ Open. 2021;11:e050608. https://doi.org/10.1136/
bmjopen-2021-050608.

Van der Kooy K, van Hout H, Marwijk H, Marten H, Stehouwer C, Beekman A.
Depression and the risk for cardiovascular diseases: systematic review and
meta analysis. Int J Geriat Psychiatry. 2007;22:613-26. https://doi.org/10.
1002/gps.1723.

Celano CM, Daunis DJ, Lokko HN, Campbell KA, Huffman JC. Anxiety Disor-
ders and Cardiovascular Disease. Curr Psychiatry Rep. 2016;18:101. https//
doi.org/10.1007/511920-016-0739-5.

Batelaan NM, Seldenrijk A, Bot M, van Balkom AJLM, Penninx BWJH. Anxiety
and new onset of cardiovascular disease: critical review and meta-analysis.
Br J Psychiatry. 2016;208:223-31. https://doi.org/10.1192/bjp.bp.114.156554.
Schultz WM, Kelli HW, Lisko JC, Varghese T, Shen J, Sandesara P, Quyyumi AA,
Taylor HA, Gulati M, Harold JG, et al. Socioeconomic Status and Cardiovascu-
lar Outcomes. Circulation. 2018;137:2166-78. https://doi.org/10.1161/CIRCU
LATIONAHA.117.029652.

Regitz-Zagrosek V, Lehmkuhl E, Weickert MO. Gender differences in the
metabolic syndrome and their role for cardiovascular disease. Clin Res
Cardiol. 2006,95:136-47. https://doi.org/10.1007/500392-006-0351-5.
Mackenbach JP, Stirbu I. Roskam A-JR, Schaap MM, Menwvielle G, Leinsalu M,
Kunst AE: Socioeconomic Inequalities in Health in 22 European Countries. N
Engl J Med. 2008,;358:2468-81. https://doi.org/10.1056/NEJMsa0707519.
World Health Organization and Calouste Gulbenkian Foundation. Social
determinants of mental health. Geneva: World Health Organization; 2014.
Textor J, van der Zander B, Gilthorpe MS, Liskiewicz M, Ellison GT. Robust
causal inference using directed acyclic graphs: the R package ‘dagitty”Int J
Epidemiol. 2016;45:1887-94. https://doi.org/10.1093/ije/dyw341.

Haneuse S, VanderWeele TJ, Arterburn D. Using the E-Value to Assess the
Potential Effect of Unmeasured Confounding in Observational Studies.
JAMA. 2019;321:602-3. https://doi.org/10.1001/jama.2018.21554.

McEwen BS, Stellar E. Stress and the Individual: Mechanisms Leading to
Disease. Arch Intern Med. 1993;153:2093-101. https.//doi.org/10.1001/archi
nte.1993.00410180039004.

Guidi J, Lucente M, Sonino N, Fava GA. Allostatic Load and Its Impact on
Health: A Systematic Review. Psychother Psychosom. 2021;90:11-27. https://
doi.org/10.1159/000510696.

Aaseth J, Roer GE, Lien L, Bjorklund G. Is there a relationship between PTSD
and complicated obesity? A review of the literature. Biomed Pharmacother.
2019;117:108834. https://doi.org/10.1016/j.biopha.2019.108834.
Aschbacher K, Kornfeld S, Picard M, Puterman E, Havel PJ, Stanhope K, Lustig
RH, Epel E. Chronic stress increases vulnerability to diet-related abdomi-

nal fat, oxidative stress, and metabolic risk. Psychoneuroendocrinology.
2014,46:14-22. https.//doi.org/10.1016/j.psyneuen.2014.04.003.

Toft H, Bramness JG, Lien L, Abebe DS, Wampold BE, Tilden T, Hestad K,
Neupane SP. PTSD patients show increasing cytokine levels during treat-
ment despite reduced psychological distress. Neuropsychiatr Dis Treat.
2018;14:2367-78. https;//doi.org/10.2147/NDT.S173659.

Layland B, Hermansen A, Dahl E, Wahl AK. Differences in income trajectories
according to psychological distress and pain: A longitudinal study among
Norwegian social assistance recipients. Scand J Public Health. 2021,49:865-
74. https://doi.org/10.1177/1403494820939812.

Piano MR. Alcohol’s Effects on the Cardiovascular System. Alcohol Res.
2017;38:219-41.

Alonso J, Angermeyer MC, Bernert S, Bruffaerts R, Brugha TS, Bryson H, de
Girolamo G, Graaf R, Demyttenaere K, Gasquet |, et al: Use of mental health
services in Europe: results from the European Study of the Epidemiology of
Mental Disorders (ESEMeD) project. Acta Psychiatr Scand Suppl 2004:47-54.
https://doi.org/10.1111/j.1600-0047.2004.00330.x

Hasin DS, Stinson FS, Ogburn E, Grant BF. Prevalence, correlates, disability,
and comorbidity of DSM-IV alcohol abuse and dependence in the United
States: results from the National Epidemiologic Survey on Alcohol and
Related Conditions. Arch Gen Psychiatry. 2007,64:830-42. https://doi.org/10.
1001/archpsyc.64.7.830.

Page 9 of 9

36. Bartoli F, Crocamo C, Clerici M, Carra G. The association between PTSD
and metabolic syndrome: A role for comorbid depression? Metabolism.
2015;64:1373-5. https//doi.org/10.1016/j.metabol.2015.07.017.

37. Lukaschek K, Baumert J, Kruse J, Emeny RT, Lacruz ME, Huth C, Thorand B,
Holle R, Rathmann W, Meisinger C, et al. Relationship between posttrau-
matic stress disorder and type 2 diabetes in a population-based cross-
sectional study with 2970 participants. J Psychosom Res. 2013;74:340-5.
https.//doi.org/10.1016/jjpsychores.2012.12.011.

38. Akosile W, Colquhoun D, Young R, Lawford B, Voisey J. The association
between post-traumatic stress disorder and coronary artery disease: a meta-
analysis. Australas Psychiatry. 2018;26:524-30. https://doi.org/10.1177/10398
56218789779.

39. Bao AM, Meynen G, Swaab DF. The stress system in depression and
neurodegeneration: focus on the human hypothalamus. Brain Res Rev.
2008;57:531-53. https://doi.org/10.1016/j.brainresrev.2007.04.005.

40. Williams JW. Huang L-h, Randolph GJ: Cytokine circuits in cardiovascular
disease. Immunity. 2019;50:941-54.

41. McCaffery JM, Frasure-Smith N, Dubé M-P, Théroux P, Rouleau GA, Duan Q,
Lespérance F. Common genetic vulnerability to depressive symptoms and
coronary artery disease: a review and development of candidate genes
related to inflammation and serotonin. Psychosom Med. 2006;68:187-200.
https://doi.org/10.1097/01.psy.0000208630.79271.a0.

42. Vancampfort D, Firth J, Schuch FB, Rosenbaum S, Mugisha J, Hallgren M,
Probst M, Ward PB, Gaughran F, De Hert M, et al. Sedentary behavior and
physical activity levels in people with schizophrenia, bipolar disorder and
major depressive disorder: a global systematic review and meta-analysis.
World Psychiatry. 2017;16:308-15. https://doi.org/10.1002/wps.20458.

43. Kelly PJ, Baker AL, Deane FP, Kay-Lambkin FJ, Bonevski B, Tregarthen J.
Prevalence of smoking and other health risk factors in people attending
residential substance abuse treatment. Drug Alcohol Rev. 2012;31:638-44.
https://doi.org/10.1111/).1465-3362.2012.00465 x.

44. Vancampfort D, Vandael H, Hallgren M, Probst M, Hagemann N, Bouckaert
F,Van Damme T. Physical fitness and physical activity levels in people with
alcohol use disorder versus matched healthy controls: A pilot study. Alcohol.
2019;76:73-9. https;//doi.org/10.1016/j.alcohol.2018.07.014.

45, Konttinen H, Mannisto S, Sarlio-Léhteenkorva S, Silventoinen K, Haukkala A.
Emotional eating, depressive symptoms and self-reported food consump-
tion A population-based study. Appetite. 2010;54:473-9. https;//doi.org/10.
1016/j.appet.2010.01.014.

46. Otto MW, Smits JAJ: Anxiety sensitivity, health behaviors, and the preven-
tion and treatment of medical illness. Clin Psychol (New York) 2018, 25:n/a.
https.//doi.org/10.1111/cpsp.12253

47. Rad N. Nordic Nutrition Recommendations 2012: Integrating nutrition and
physical activity. Copenhagen: Nordisk Ministerrad; 2014.

48. Ringard A, Sagan A, Sperre Saunes |, Lindahl AK. Norway: Health system
review. Health Systems in Transition. 2013;15(8):1-162.

49. Nesvdg R, Jonsson EG, Bakken 1J, Knudsen GP, Bjella TD, Reichborn-
Kiennerud T, Melle |, Andreassen OA. The quality of severe mental disorder
diagnoses in a national health registry as compared to research diagnoses
based on structured interview. In BMC psychiatry. 2017;17:93.

50. Sheerin C, Berenz EC, Knudsen GP, Reichborn-Kjennerud T, Kendler KS,
Aggen SH, Amstadter AB. A population-based study of help seeking and
self-medication among trauma-exposed individuals. Psychol addict Behav.
2016;30:771-7. https://doi.org/10.1037/adb0000185.

51. daSilva HC. Furtado da Rosa MMM, Berger W, Luz MP, Mendlowicz M,
Coutinho ESF, Portella CM, Marques PIS, Mograbi DC, Figueira |, Ventura P:
PTSD in mental health outpatient settings: highly prevalent and under-
recognized. Braz J Psychiatry. 2019;41:213-7. https://doi.org/10.1590/
1516-4446-2017-0025.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1007/s00127-015-1104-4
https://doi.org/10.1007/s00127-015-1104-4
https://doi.org/10.1136/bmjopen-2021-050608
https://doi.org/10.1136/bmjopen-2021-050608
https://doi.org/10.1002/gps.1723
https://doi.org/10.1002/gps.1723
https://doi.org/10.1007/s11920-016-0739-5
https://doi.org/10.1007/s11920-016-0739-5
https://doi.org/10.1192/bjp.bp.114.156554
https://doi.org/10.1161/CIRCULATIONAHA.117.029652
https://doi.org/10.1161/CIRCULATIONAHA.117.029652
https://doi.org/10.1007/s00392-006-0351-5
https://doi.org/10.1056/NEJMsa0707519
https://doi.org/10.1093/ije/dyw341
https://doi.org/10.1001/jama.2018.21554
https://doi.org/10.1001/archinte.1993.00410180039004
https://doi.org/10.1001/archinte.1993.00410180039004
https://doi.org/10.1159/000510696
https://doi.org/10.1159/000510696
https://doi.org/10.1016/j.biopha.2019.108834
https://doi.org/10.1016/j.psyneuen.2014.04.003
https://doi.org/10.2147/NDT.S173659
https://doi.org/10.1177/1403494820939812
https://doi.org/10.1111/j.1600-0047.2004.00330.x
https://doi.org/10.1001/archpsyc.64.7.830
https://doi.org/10.1001/archpsyc.64.7.830
https://doi.org/10.1016/j.metabol.2015.07.017
https://doi.org/10.1016/j.jpsychores.2012.12.011
https://doi.org/10.1177/1039856218789779
https://doi.org/10.1177/1039856218789779
https://doi.org/10.1016/j.brainresrev.2007.04.005
https://doi.org/10.1097/01.psy.0000208630.79271.a0
https://doi.org/10.1002/wps.20458
https://doi.org/10.1111/j.1465-3362.2012.00465.x
https://doi.org/10.1016/j.alcohol.2018.07.014
https://doi.org/10.1016/j.appet.2010.01.014
https://doi.org/10.1016/j.appet.2010.01.014
https://doi.org/10.1111/cpsp.12253
https://doi.org/10.1037/adb0000185
https://doi.org/10.1590/1516-4446-2017-0025
https://doi.org/10.1590/1516-4446-2017-0025

	The impact of PTSD on risk of cardiometabolic diseases: a national patient cohort study in Norway
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and population
	Exposure, explanatory and outcome variables
	Covariates
	Statistical analysis
	Ethics

	Results
	Description of the study population
	Risks of cardiometabolic diseases among PTSD patients and the effect of SES and comorbid mental disorders

	Discussion
	Strengths and limitations
	Implications and further research

	Conclusion
	Anchor 21
	Acknowledgements
	References


