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Abstract
Aims. Prior research, largely focused on US male veterans, indicates an increased risk of car-
diovascular disease among individuals with post-traumatic stress disorder (PTSD). Data from
other settings and populations are scarce. The objective of this study is to examine PTSD as a
risk factor for incident major adverse cardiovascular events (MACEs) in South Africa.
Methods. Weanalysed reimbursement claims (2011–2020) of a cohort of SouthAfricanmedi-
cal insurance scheme beneficiaries aged 18 years or older. We calculated adjusted hazard ratios
(aHRs) for associations between PTSD and MACEs using Cox proportional hazard models
and calculated the effect of PTSD onMACEs using longitudinal targeted maximum likelihood
estimation.
Results. We followed 1,009,113 beneficiaries over amedian of 3.0 years (IQR 1.1–6.0). During
follow-up, 12,662 (1.3%) persons were diagnosed with PTSD and 39,255 (3.9%) had a MACE.
After adjustment for sex, HIV status, age, population group, substance use disorders, psychotic
disorders, major depressive disorder, sleep disorders and the use of antipsychotic medication,
PTSD was associated with a 16% increase in the risk of MACEs (aHR 1.16, 95% confidence
interval (CI) 1.05–1.28). The risk ratio for the effect of PTSD on MACEs decreased from
1.59 (95% CI 1.49–1.68) after 1 year of follow-up to 1.14 (95% CI 1.11–1.16) after 8 years of
follow-up.
Conclusion. Our study provides empirical support for an increased risk of MACEs in males
and females with PTSD from a general population sample in South Africa. These findings
highlight the importance of monitoring cardiovascular risk among individuals diagnosed with
PTSD.

Introduction

Post-traumatic stress disorder (PTSD) is a persistent and impairing mental disorder that
emerges following a traumatic event (O’Donnell et al., 2021). The global lifetime prevalence
of PTSD among the general population is estimated at 3.9%, with variations across different
countries (Kessler et al., 2017). In South Africa, the lifetime prevalence is estimated at 2.3%
(Herman et al., 2009).

The current scientific literature suggests a higher incidence of cardiovascular disease (CVD)
among persons diagnosed with PTSD (Edmondson et al. 2013; Edmondson and von Kanel,
2017; Jacquet-Smailovic et al., 2022). In a meta-analysis by Edmondson et al., (2013), PTSD
was associated with coronary heart disease. In individuals with PTSD, the pooled risk increased
by 55% (95% confidence interval (CI) 34%–79%) when adjusting for sociodemographic and
cardiovascular factors and by 27% (95% CI 8%–49%) after further adjustment for depression.
Similarly, Jacquet-Smailovic et al., (2022) conducted a systematic review and meta-analysis of
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14 studies to estimate the association between PTSD and the risk of
subsequent myocardial infarction. Before adjusting for depression,
the pooled risk increased by 49% (95% CI 31%–69%), while after
adjustment, it decreased to 32% (95% CI 12%–56%).

A key limitation of prior research on the relationship between
PTSD and CVD is its primary focus on males from the United
States. Much of the research has focused on male veterans from
the US and World Trade Center survivors, with only a few stud-
ies looking at females in the US or other high-income coun-
tries (Edmondson et al., 2013; Edmondson and von Kanel, 2017;
Jacquet-Smailovic et al., 2022). This focus leaves a considerable
knowledge gap concerning females and populations from low- and
middle-income settings, who are exposed to a range of traumas
that extend beyondwar-related experiences. According to a nation-
ally representative household survey conducted between January
2002 and June 2004, the most common traumatic event in South
Africa is the unexpected death of a loved one, affecting 39.2% of
the population, followed by physical violence at 37.6%, accidents
at 31.9% and witnessing traumatic events at 29.5%. Among spe-
cific types of events, being mugged or threatened with a weapon
is relatively common, with a prevalence of 18.3%. Life-threatening
illnesses also affect 13.2% of the population. Sexual violence affects
7.6% of the population, with specific events such as rape and sexual
assault affecting 2.1% and 1.6%, respectively (Atwoli et al., 2013).
However, it is important to consider that these estimates from the
household surveymight not reflect the full extent of the issue, given
that sexual violence might be under-reported in such surveys. The
Global Database on Violence Against Women reports that lifetime
physical and/or sexual intimate partner violence in South Africa
is at 21.3% (NDoH et al., 2019), indicating that the actual preva-
lence of sexual violence could be considerably higher than what is
suggested by the survey data.

Another potential issue with previous studies may be the inap-
propriate adjustment for psychiatric comorbidities. Psychiatric
comorbidities which include substance use disorders (Akasaki
and Ohishi, 2020), major depressive disorder, psychotic disorders
(Lambert et al., 2022) and sleep disorders (McCall et al., 2019;
Nambiema et al., 2023) can be risk factors for both CVD and PTSD
(Sareen, 2014). For this reason, it is necessary to adjust for these
confounding factors (Hernán and Robins, 2020). However, psy-
chiatric comorbidities can also act as mediators in the relationship
between PTSD and CVD and lie on the causal pathway between
exposure and outcome (Breslau et al., 1997; Radell et al., 2020). In
such a situation, adjustment for psychiatric comorbidity using tra-
ditional survival models can lead to biased estimates (Mansournia
et al., 2017; Schisterman et al., 2009).

In our study, we aim to quantify the increase in the risk of
incident major adverse cardiovascular events (MACEs) in South
African males and females diagnosed with PTSD, applying both
traditional survival analysis andmodern causal inferencemethods.
South Africa, as a middle-income country with a high preva-
lence of diverse trauma exposures, provides a unique study setting
that broadens our understanding of the PTSD-MACE relation-
ship beyond the predominantly male, US-centric populations
typically studied. Addressing the methodological limitations of
previous research, we used longitudinal targeted maximum like-
lihood estimation. This modern causal inference approach can
handle time-varying confounding affected by prior exposure with-
out blocking the causal path from exposure to outcome (Petersen
et al., 2014), thereby allowing for sound adjustment for psychiatric
comorbidities and potentially mitigating overcontrol bias inherent
in previous studies using conventional survival models.

Methods

Study design

In this longitudinal study, we followed a cohort of beneficiaries
from a large South African private medical insurance scheme. We
analysed outpatient, laboratory, hospital and drug claims from the
medical insurance scheme and linked these with beneficiary vital
status information from the National Population Register.

Study population

We included beneficiaries aged 18 years or older, who had health
insurance coverage at any point, between 1 January 2011 and
15 March 2020, the beginning of the COVID-19 pandemic in
South Africa. We excluded beneficiaries with unknown sex, or age,
MACE on the first day of follow-up, and those whose vital status
could not be ascertained because they did not have civil identifica-
tion numbers and could not be linked to the National Population
Register.

Measures

We defined the study measures based on the International
Classification of Diseases, 10th Revision (ICD-10) diagnoses from
outpatient and hospital claims, hospital procedure codes andmed-
ication claims. Hospital procedures were coded according to the
Current Procedural Terminology (CPT) and medication claims
according to the AnatomicalTherapeutic Chemical (ATC) classifi-
cation system.

The primary outcome was a three-point MACE (Bosco et al.,
2021), which included ICD-10 diagnoses of either myocardial
infarction (I21–I22), stroke (I60–I61, I63–I64 and H34.1) or hos-
pitalization for unstable angina (I20) or hospital procedure codes
for revascularization (CPT 33,503–33,572 and 92,920–92,984).The
complete list of ICD-10 and CPT codes is shown in the appendix
(Tables S1 and S2). In sensitivity analysis, we considered a two-
point MACE (MACE2) consisting of myocardial infarction or
stroke and a four-point MACE (MACE4) consisting of myocardial
infarction, stroke, hospitalization for unstable angina or revascu-
larization and heart failure (Table S1) as outcomes. We also con-
sidered individual MACE components such as stroke (ischaemic,
bleeding or unspecified) and acute coronary syndrome (myocar-
dial infarction or hospitalization due to unstable angina and revas-
cularization procedures) in sensitivity analyses. A single claim code
was considered evidence of the outcome.

The primary exposure was at least one ICD-10 diagnosis of
PTSD (F43.1).We considered the following psychiatric comorbidi-
ties that can increase the risk of both PTSD (Brewin et al., 2000;
Ozer et al., 2003; Sareen, 2014) and CVD (Akasaki and Ohishi,
2020; Lambert et al., 2022;Nambiema et al., 2023; Shao et al., 2020):
substance use disorders (F10–F16 and F18–F19), major depres-
sive disorder (F32–F33), psychotic disorders (F20–F29) and sleep
disorders (F51 and G47). Additionally, we considered antipsy-
chotic medication as a risk factor for CVD (De Hert et al., 2018).
Antipsychotic medication was defined based on ATC codes for
psychotic medication (N05A).

We considered the following CVD risk factors: hyperten-
sion, diabetes mellitus, dyslipidaemia and HIV. Hypertension was
defined based on ICD-10 codes for hypertensive disease (I10-I13,
I15, H35.0 and I67.4), evidence of use of medication used to treat
hypertension (i.e. certain diuretics, beta-blockers or drug combi-
nations) or at least two elevated systolic (≥140mmHg) or diastolic
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(≥90mmHg) blood pressure measurements (Appendix, Table S3).
Diabetes mellitus was defined using the ICD-10 codes for dia-
betes (E10–E14, H28, H36, M14.2, M14.6, G59.0, G63.2 or G99.0),
evidence of use of medications used for diabetes control (ATC
codes A10) or at least two abnormal laboratory results of HbA1c
≥6.5% (≥48 mmol/L), fasting blood glucose ≥7 mmol/L or ran-
dom blood glucose ≥11.1 mmol/L (American Diabetes, 2021)
(Appendix, Table S4). Dyslipidaemia was identified with the ICD-
10 codes E78.0–E78.5, evidence of the use of lipid-modifyingmed-
ication (ATC codes C10) or at least two abnormal lipid measure-
ments (High-Density Lipoprotein [HDL] cholesterol<1 mmol/L,
Low-Density Lipoprotein [LDL] cholesterol>4.1 mmol/L or total
cholesterol >6.2 mmol/L) (Arnett et al., 2019) (Appendix, Table
S5). We considered persons to be HIV positive if they had received
an HIV viral load, CD4 cell count or a positive confirmatory
HIV test, an ICD-10 diagnosis for HIV (B20–B24, Z21, R75
and O98.7) or antiretroviral medication for treating HIV, exclud-
ing medication commonly used in pre- or post-exposure pro-
phylaxis (Appendix, Table S6). Self-identified ethnic population
groups were defined as Black African, Indian/Asian, mixed ances-
try, white or unknown. We included beneficiaries’ age as a con-
tinuous variable. Psychiatric and physical health conditions were
modelled as time-varying covariates. Individuals were considered
exposed from the date of the first diagnosis of the respective
condition.

Statistical analysis

In survival analyses, we followed beneficiaries from the start
of insurance coverage, their 18th birthday or 1 January 2011
(whichever occurred last) until the event of interest (e.g., the
MACE), or censoring events such as death or end of insurance
coverage (whichever occurred first), for a maximum of 8 years.

We estimated the cumulative incidence of PTSD and 95% CIs
by sex considering death as a competing event (Gooley et al., 1999).
Next, we calculated adjusted hazard ratios (aHRs) for hypothesized
predictors of PTSD using a Cox proportional hazards model, strat-
ified by population group and adjusted for age group, sex and HIV
status.

To assess the association between PTSD and MACE and eval-
uate the influence of potential confounders and mediators, we
fitted three adjusted Cox proportional hazards models: model 1
adjusted for HIV and sociodemographic characteristics (age, sex
and population group); model 2 adjusted for HIV, sociodemo-
graphic characteristics and psychiatric comorbidity (substance use
disorders, psychotic, major depressive disorder and sleep disor-
ders); model 3 adjusted for HIV, sociodemographic characteristics,
psychiatric comorbidity and CVD risk factors (diabetes melli-
tus, dyslipidaemia and hypertension). We fitted Cox models for
both sexes, separate models for male and female beneficiaries
and tested for interactions between sex and PTSD. In sensitiv-
ity analysis, we fitted model 2 with alternative MACE definitions
(MACE2 and MACE4) and MACE components separately (stroke
and acute coronary syndrome). We did not consider secondary
MACE (repeated events). Beneficiaries exited the study at their first
MACE. This analytic approach ensures that the PTSD diagnoses
occurred before the MACE. We fitted Cox models to examine the
association between PTSD and CVD risk factors. We checked the
proportional hazard assumption using log–log plots and estimat-
ing Schoenfeld residuals after fitting the Cox models. We stratified
Cox models by variables not satisfying the proportional hazards
assumption.

We used modern doubly robust causal inference methods,
specifically longitudinal targeted maximum likelihood estimation
(Lendle et al., 2017; Schomaker et al., 2019), to estimate the
marginal risks of MACE over 8 years of follow-up from the start
of insurance coverage, beneficiaries’ 18th birthday, or 1 January
2011, whichever occurred last. We modelled two scenarios: con-
tinuous PTSD presence throughout follow-up for all beneficiaries
and the counterfactual, no PTSD presence for any beneficiary. We
divided beneficiaries’ follow-up into 16 six-monthly intervals and
assessed confounders, mediators and the outcome at the end of
each interval. We adjusted for measured time-varying confound-
ing by HIV (Tang et al., 2020), CVD risk factors, and psychiatric
comorbidity and antipsychotic medication. Results are presented
as absolute risks, risk differences and risk ratios with 95% CIs.
To avoid model misspecification in longitudinal targeted maxi-
mum likelihood estimation, we fitted models for the conditional
expectation of both MACE and PTSD in each 6-month follow-up
period using super learning. This data-adaptive approach com-
bines different modelling approaches to minimize the expected
prediction error (estimated via cross-validation). Our learner sets
included logistic (additive) regression models (with penalized
splines and optional interactions), Bayesian logistic regression
models and multivariate adaptive regression splines, after prior
variable screening with Least Absolute Shrinkage and Selection
Operator (LASSO) (Tibshirani, 1996) and Cramer’s V (Heumann
and Shalabh, 2016). Due to computational constraints, we split the
total sample randomly into two 50% subsets, executed longitudinal
targeted maximum likelihood estimation on each and combined
the results.

Statistical analyses were performed using Stata (Version 16.
College Station, TX: StataCorp) and R 4.1.2 (R Foundation for
Statistical Computing, Vienna, Austria). Causal inference analy-
sis was performed on UBELIX (http://www.id.unibe.ch/hpc), the
high-performance computing cluster at the University of Bern.

Ethical considerations

The Ethics Committee of the University of Cape Town in South
Africa and the Cantonal Ethics Committee in Bern, Switzerland,
granted permission for the analysis of this database.

Results

Study population

The database included 1,537,056 beneficiaries who had insurance
coverage at any point between 1 January 2011 and 15 March 2020.
We excluded 527,943 (34.3%) beneficiaries, including 438,759
(28.5%) children and adolescents under the age of 18, 70,062
(4.6%) persons who could not be linked to the National Population
Register, 9,928 (0.6%) personswith unknown sex, 9,108 (0.6%) per-
sons with unknown age and 86 who had an MACE on the first day
of follow-up (Figure S1).

Characteristics of the study population

We followed 1,009,113 beneficiaries over a median duration
of 3 years (IQR 1.1–6.0). During follow-up, 12,662 (1.3%)
beneficiaries were diagnosed with PTSD and 39,255 (3.9%) had an
MACE (Table 1). Half of the study population (51.8%)were female,
and the mean age was 39.3 years (SD 15.2). Hypertension was the
most frequent CVD risk factor (29.0%) followed by dyslipidaemia
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Table 1. Characteristics of beneficiaries with and without PTSD diagnosis at
the end of follow-up

PTSD No PTSD Total
N = 12,662

(1.3)
N = 996,451

(98.7)
N = 1,009,113

(100.0)

Characteristics at baseline, n (%)

Age, mean (SD) 37.9 (12.1) 39.3 (15.2) 39.3 (15.2)

Sex

Male 4,842 (38.2) 481,569 (48.3) 486,411 (48.2)

Female 7,820 (61.8) 514,882 (51.7) 522,702 (51.8)

Population group

Black African 8,382 (66.2) 515,225 (51.7) 523,607 (51.9)

Mixed Ancestry 769 (6.1) 64,978 (6.5) 65,747 (6.5)

White 1,744 (13.8) 182,939 (18.4) 184,683 (18.3)

Indian/Asian 366 (2.9) 45,650 (4.6) 46,016 (4.6)

Unknown 1,401 (11.1) 187,659 (18.8) 189,060 (18.7)

Characteristics at the end of follow-up

CVD risk factors

Diabetes mellitus 2,187 (17.3) 123,116 (12.4) 125,303 (12.4)

Hypertension 5,441 (43.0) 287,038 (28.8) 292,479 (29.0)

Dyslipidaemia 2,705 (21.4) 156,179 (15.7) 158,884 (15.7)

HIV 2,259 (17.8) 80,725 (8.1) 82,984 (8.2)

Psychiatric
comorbidity

Substance use
disorders

449 (3.5) 8,977 (0.9) 9,426 (0.9)

Psychotic
disorders

193 (1.5) 4,046 (0.4) 4,239 (0.4)

Major depressive
disorder

6,921 (54.7) 133,609 (13.4) 140,530 (13.9)

Sleep disorders 2,440 (19.3) 66,122 (6.6) 68,562 (6.8)

Antipsychotic
medication

3,136 (24.8) 92,557 (9.3) 95,693 (9.5)

Major adverse
cardiovascular event
(MACE)a

746 (5.9) 38,509 (3.9) 39,255 (3.9)

Myocardial
infarction

117 (0.9) 7,233 (0.7) 7,350 (0.7)

Stroke 399 (3.2) 19,768 (2.0) 20,167 (2.0)

Hospitalization
for unstable
angina or
revascularization

354 (2.8) 18,638 (1.9) 18,992 (1.9)

Follow-up time, years

Median (IQR) 6.2 (3.2−8.0) 3.0 (1.1−6.0) 3.0 (1.1−6.0)

Abbreviations: PTSD, post-traumatic stress disorder; SD, standard deviation; CVD, cardio-
vascular disease; HIV, human immunodeficiency virus; MACE, major adverse cardiovascular
event; IQR, interquartile range.
aMACE: myocardial infarction, stroke or hospitalization for unstable angina/
revascularization.

(15.7%) and diabetes (12.4%). Of the study population, 8.2% had
a positive HIV status. Major depressive disorder (13.9%) was the
most frequently diagnosed mental health condition (Table 1).

The cumulative incidence of PTSD and associated factors

Figure 1 shows the cumulative incidence of PTSD by sex. After
8 years of follow-up, the cumulative incidence was 3.2% (95%
CI 3.1–3.2) among females and 2.1% (95% CI 2.0–2.1) among
males. Females (aHR 1.55, 95% CI 1.50–1.61), beneficiaries aged
35–44 years (aHR 1.13, 95% CI 1.07–1.18) and people living with
HIV (aHR 1.34, 95% CI 1.27–1.42) had a higher risk of PTSD
(Appendix, Table S7).

Association between PTSD and MACE

After adjustment for sex, HIV status, age and population group
(model 1), PTSD was associated with an increased risk of MACE
(aHR 1.46, 95% CI 1.33–1.62). In a model adjusted for sex,
HIV status, age, population group, psychiatric comorbidities and
antipsychotic medication (model 2), the increase in risk was
attenuated (aHR 1.16, 95% CI 1.05–1.28). Additional adjustment
for CVD risk factors (model 3) did not affect the association
between PTSD and MACE (aHR 1.16, 95% CI 1.05–1.28) (Fig. 2,
Appendix, Table S8). Results were similar in sensitivity analy-
ses of associations between PTSD and MACE2 (model 2: aHR
1.17, 95% CI 1.04–1.32) and MACE4 (model 2: aHR 1.14, 95%
CI 1.05–1.24) (Appendix, Table S8). Associations between PTSD
and MACE were similar among male and female beneficiaries
(Appendix, Figure S2), and the test for an interaction between
PTSD and sex was not significant in model 1 (P = 0.317) and
model 2 (P = 0.244). PTSD was associated with an increased
risk of incident stroke (aHR 1.18, 95% CI 1.03–1.35) and acute
coronary syndrome (aHR 1.22, 95% CI 1.06–1.39) in models
adjusted for sex, HIV status, age, population group, and psychi-
atric comorbidities and use of antipsychotic medication (model 2)
(Figure S3).

Association between PTSD and CVD risk factors

PTSD diagnosis was associated with an increased incidence
of hypertension (aHR 1.23, 95% CI 1.17–1.29), diabetes mel-
litus (aHR 1.12, 95% 1.05–1.20) and dyslipidaemia (1.32, 95%
1.25–1.40) after adjusting for age, sex, population group and psy-
chiatric comorbidities.

Risk of MACE under PTSD and no PTSD

Using longitudinal targeted maximum likelihood estimation, we
calculated an absolute risk of MACE after 8 years of follow-up
of 7.2% under no PTSD and 8.2% under PTSD (Fig. 3, panel A).
After year 3, the risk difference between PTSD and no PTSD
increased from 0.3% (95% CI 0.2–0.4) to 1.0% (95% CI 0.8–1.2)
in year 8 (Fig. 3, panel B). Risk ratios decreased from 1.59 (95% CI
1.49–1.68) in year 1 to 1.14 (95% CI 1.11–1.16) in year 8 (Fig. 3,
panel C).

Discussion

In this cohort study of over one million South African medi-
cal insurance beneficiaries, we demonstrated an increased risk
of MACE among individuals diagnosed with PTSD compared
to those without it, using both traditional survival analysis and
modern causal inference methods. In survival analysis, adjusted
for sociodemographic factors, HIV and psychiatric comorbidities,
beneficiaries with a PTSD diagnosis experienced a 16% increase in

https://doi.org/10.1017/S2045796024000052 Published online by Cambridge University Press

https://doi.org/10.1017/S2045796024000052


Epidemiology and Psychiatric Sciences 5

Figure 1. Cumulative incidence of PTSD by sex.
Abbreviations: PTSD, post-traumatic stress disorder; CI, confidence interval.

Figure 2. Factors associated with major adverse cardiovascular events1.
Abbreviations: PTSD, post-traumatic stress disorder; HIV, human immunodeficiency virus; CI, confidence interval. 1We considered the following major adverse cardiovascular
events: myocardial infarction, stroke or hospitalization for unstable angina/revascularization. Model 1 was adjusted for PTSD, sex, HIV, age and population group. Model 2 was
adjusted for PTSD, sex, HIV, age, population group, substance use disorder, psychotic disorders, major depressive disorder, use of antipsychotic medication and sleep disorder.
Model 3 was adjusted for PTSD, sex HIV, age, population group, substance use disorder, psychotic disorder, major depressive disorder, use of antipsychotic medication, sleep
disorder, diabetes, dyslipidaemia and hypertension.

MACE risk compared to beneficiaries without PTSD. The causal
inference analysis showed a 14% increase in MACE risk for the
PTSD scenario compared to the non-PTSD scenario after the
eighth year of follow-up.

There are two potential causal mechanisms that might explain
the increased risk of CVD in individuals with PTSD. The first
mechanism is psychological and behavioural, with PTSD increas-
ing the risk of depression, substance misuse and sleep disorders
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Figure 3. Major adverse cardiovascular events under PTSD and no PTSD.
Abbreviations: PTSD, post-traumatic stress disorder; MACEs, major adverse
cardiovascular events.

and these factors leading to unhealthy lifestyle choices such as
reduced physical activity and poor dietary habits.These behaviours
can subsequently contribute to the development of CVD risk fac-
tors including hypertension, diabetes and high cholesterol, which
may ultimately result in CVD (Edmondson and von Kanel, 2017;
Scherrer et al., 2019). The second mechanism is pathophysiologi-
cal, as PTSD can impact various physiological processes that may
directly cause cardiovascular events, such asmyocardial infarction,
unstable angina or stroke.These processes include systemic inflam-
mation, dysregulation of the hypothalamic–pituitary–adrenal axis
and imbalances in the autonomic nervous system (Edmondson
and von Kanel, 2017). In our study, we evaluated the potential con-
tribution of CVD risk factors, specifically hypertension, diabetes
and dyslipidaemia. Using Coxmodels adjusted for sex, HIV status,
age, population group and psychiatric comorbidities, we found a

16% increased risk of MACE in individuals diagnosed with PTSD.
After further adjustments for CVD risk factors, this association
remained unchanged. This finding suggests that in our study pop-
ulation the elevated MACE risk in individuals with PTSD occurs
independent of traditional CVD risk factors. Physiological changes
induced by PTSD might play a significant role in driving the
increased risk of MACE observed in our study.

With the exception of few studies from Sweden (Song
et al., 2019), Denmark (Gradus et al., 2015) and Taiwan
(Chen et al., 2015), most previous research in this field was con-
ducted has been among males from the US and has primarily
focused on war- and terror-related trauma among veterans and
World Trade Centre survivors. In contrast, our study extends this
knowledge by using a general population sample likely exposed
to a variety of traumatic experiences, which are prevalent in the
context of South Africa. Common traumas in South Africa are
physical or sexual violence, the death of a loved one, witnessing
traumatic incidents and accidents (Atwoli et al., 2013). Our find-
ings not only reinforce and complement the prevailing evidence
but also extend our understanding the implications of PTSD in
diverse, trauma-exposed, and middle-income settings.The consis-
tency of our findings with prior research strengthens the credibility
of the elevatedCVDrisk in individualswith PTSDandunderscores
their wide applicability across diverse countries, populations and
trauma exposures.

The relationship between PTSD and psychiatric comorbidi-
ties is complex and bi-directional. Psychiatric comorbidities like
depression, substance use disorders, sleep disturbance and gener-
alized anxiety disorder can act as important confounders in the
relationship between PTSD and CVD, making adjustments for
their effects crucial. On the other hand, psychiatric comorbidi-
ties can also mediate the relationship between PTSD and CVD
(Scherrer et al., 2019). In this situation, using traditional sur-
vival models to adjust for psychiatric comorbidities can lead to
overadjustment bias (Mansournia et al., 2017; Schisterman et al.,
2009). Despite this potential bias, much of the previous research
has adjusted for psychiatric comorbidity using traditional survival
models. For instance, a recent meta-analysis of 14 studies inves-
tigating the relationship between PTSD and myocardial infarc-
tion included nine studies that adjusted for depression (Jacquet-
Smailovic et al., 2022). To overcome this issue, we implemented
modern causal inference methods, which can adjust for time-
varying confounding affected by prior exposure without blocking
the causal pathway from exposure to outcome (Petersen et al.,
2014). With these methods, we could appropriately adjust for
important potential confounders like depression, substance use
disorders, psychotic disorders and sleep disturbance. We could,
however, not adjust for other anxiety disorders. The common
symptoms between PTSD and other anxiety disorders complicate
differential diagnosis. In our data, many patients initially diag-
nosed with an unspecific or another anxiety disorder were later
accurately diagnosedwith PTSD.Consequently, adjusting for other
anxiety disorders would lead to overadjustment. From a clini-
cal standpoint, it may also be questionable whether adjusting for
psychiatric comorbidities, like depression and other anxiety disor-
ders, to estimate an independent effect of PTSD on cardiovascular
outcomes is justified. Psychiatric comorbidity is the rule, rather
than the exception in PTSD, with epidemiologic studies demon-
strating comorbidity in over 75% of patients with PTSD, with
depression the most frequent comorbid disorder (Brady et al.,
2000; Kessler, 2017). Psychiatric comorbidity is also associatedwith
chronicity, greater functional impairment and worse outcomes,
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including poorer response to treatment (Brady et al., 2000, Flory
and Yehuda, 2015). There is also evidence to suggest that indi-
viduals with comorbid depression may represent a subtype of
PTSD, with shared negative affectivity (Contractor et al., 2020;
Flory andYehuda, 2015). Since PTSD, depression and other anxiety
disorders share common symptoms (Angelakis and Nixon, 2015;
Flory and Yehuda, 2015) and comorbidity may reflect severity of
PTSD, such adjustment could potentially be seen as overadjust-
ing for PTSD severity. Given that we used ICD10 diagnoses from
administrative data, this issue might be further complicated by
potential misdiagnoses of PTSD as depression due to symptom
overlap.

This study has important implications for clinical practice.
Despite the growing evidence of the impact of mental disor-
ders on physical comorbidity and premature mortality (Ruffieux
et al., 2023), mental healthcare in many settings remains under-
funded and segmented into silos of mental and physical healthcare
(O’Connor et al., 2023). To address the physical healthcare needs of
individuals with mental illnesses, the World Health Organization,
along with international experts, advocates for integrated care
models that combine mental health services with physical health-
care (O’Connor et al., 2023). It is crucial for health professionals
to be informed about the potential cardiovascular implications
of PTSD to ensure comprehensive care including management of
CVD risk factors.

Key strengths of our study include our distinctive study pop-
ulation and our analytic approach. Our sample is drawn from a
population exposed to a wide spectrum of traumatic experiences
and females.Our secondmajor strength is the use ofmodern causal
inference methods, which enabled us to overcome methodolog-
ical limitations of previous research. The use of modern causal
inference methods has several benefits over traditional survival
analysis methods. First, the causal inference methods allow to
adjust for time-dependent confounding by psychiatric comorbid-
ity and CVD risk factors without blocking the causal path from
PTSD to MACE (Hernán and Robins, 2020). Second, our chosen
estimands (i.e. causal risks) prevent potential survivor bias inher-
ent in traditional survival analysis due to conditioning on being
event-free under PTSD/no PTSD at each time point in the defini-
tion of the hazard (Young et al., 2020).Third, longitudinal targeted
maximum likelihood estimation is a doubly robust method that
incorporatesmachine learning procedures to reduce the risk of bias
due to model misspecification (Van der Laan and Rose, 2011).

Our results should be interpreted considering the following lim-
itations. First, our study’s results, focused on South African private
medical insurance beneficiaries, are not representative of the gen-
eral population of South Africa since only 15% of the populace has
such coverage (Day and Gray, 2013). This insured group generally
has a higher socioeconomic status (Gordon et al., 2020) and likely
lower exposure to trauma and poor health outcomes than those
using the public health system. Second, we usedmedical insurance
scheme data to determine the presence of MACE, PTSD and phys-
ical and psychiatric comorbidities. Administrative data limitations
may include inaccuracy and misclassification. We based PTSD
and psychiatric comorbidity presence on ICD-10 diagnoses from
outpatient and hospital claims, possibly overlooking undiagnosed
cases or those not seeking care. Our MACE definition depended
on ICD-10 diagnoses and procedure codes, potentially missing
cases who died before medical attention. Third, our dataset lacked
information on socioeconomic factors, other CVD risk factors or
behaviours, or pre-insurance medical history, which could con-
found results. Moreover, the lack of pre-insurance medical history

could be an explanation for the relatively high risk ratio of the
absolute risks in year 1. Factors like employment, education and
neighbourhood characteristics impact CVD (Schultz et al., 2018),
PTSD vulnerability (DiGangi et al., 2013) and control of CVD
risk factors (Rosengren et al., 2019). Our study group, being pri-
vate insurance members, was relatively homogeneous with regard
to socioeconomic status. Still, residual confounding from socioe-
conomic differences among these members may still impact our
estimates. Fourth, a notable limitation of our study is the exclusion
of cardiovascular death in our definition of MACE. This exclusion
stems from our lack of access to detailed data regarding the exact
causes of death among the beneficiaries. Consequently, we may
have overlooked MACE events in individuals who succumbed to
an MACE-related cause but died before they could be diagnosed
with an MACE or underwent a revascularization procedure. This
limitation leads to an underestimation of the MACE prevalence in
our study. Fifth, our dataset did not contain information on trau-
matic events, and as such, we could not compare the MACE risk
between individuals exposed to traumatic events with and with-
out subsequent PTSD. Consequently, we were unable to determine
whether the increased MACE risk is a consequence of the trau-
matic event itself or the psychological sequelae that characterize
PTSD.

Conclusion

Our study provides empirical support for an increased risk of
MACE among males and female beneficiaries with PTSD in South
Africa, a population exposed to a range of traumas that extend
beyond war-related experiences. These findings highlight the
importance of monitoring cardiovascular risk among individuals
diagnosed with PTSD and support integrated care models that
combine mental health services with physical healthcare.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S2045796024000052.

Availability of data and materials. Data were obtained from the
International Epidemiology Databases to Evaluate AIDS-Southern Africa
(IeDEA-SA). Due to legal and ethical restrictions, the data cannot be made
publicly available. For inquiries about the data, readers can contact IeDEA-SA
through the online form available at https://www.iedea-sa.org/contact-us/.

Author contributions. CristinaMesa-Vieira andChristianeDidden are joint
first authors.

Financial support. Research reported in this publication was supported by
the SwissNational Science FoundationunderAwardNumber 193381, theMarie
Skłodowska-Curie (Horizon 2020 –COFUND), and theU.S.National Institutes
of Health’s National Institute of Allergy and Infectious Diseases, the Eunice
Kennedy Shriver National Institute of Child Health and Human Development,
Division of Cancer Epidemiology and Genetics, National Cancer Institute, the
National Institute of Mental Health, the National Institute on Drug Abuse, the
National Heart, Lung, and Blood Institute, the National Institute on Alcohol
Abuse and Alcoholism, the National Institute of Diabetes and Digestive and
Kidney Diseases and the Fogarty International Center under Award Number
U01AI069924. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the funders.

Competing interests. The authors declare none.

Ethical standards. The authors assert that all procedures contributing to this
work complywith the ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

https://doi.org/10.1017/S2045796024000052 Published online by Cambridge University Press

https://doi.org/10.1017/S2045796024000052
https://www.iedea-sa.org/contact-us/
https://doi.org/10.1017/S2045796024000052


8 Mesa-Vieira et al.

References
American Diabetes Association (2021) 2. Classification and diagnosis of

diabetes: Standards of medical care in diabetes—2021. Diabetes Care
44(Suppl 1), S15–S33.

Akasaki Y and Ohishi M (2020) Cerebrovascular and cardiovascular diseases
caused by drugs of abuse. Hypertension Research 43(5), 363–371.

Angelakis S and Nixon RDV (2015) The comorbidity of PTSD and MDD:
Implications for clinical practice and future research. Behaviour Change
32(1), 1–25.

Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD,
Hahn EJ, Himmelfarb CD, Khera A, Lloyd-Jones D, McEvoy JW,
Michos ED,MiedemaMD,MunozD, Smith SC Jr,Virani SS,WilliamsKA
Sr, Yeboah J and Ziaeian B (2019) 2019 ACC/AHA Guideline on the
Primary Prevention of Cardiovascular Disease: A report of the American
College of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. Circulation 140(11), e596–e646.

Atwoli L, Stein DJ,WilliamsDR,McLaughlin KA, PetukhovaM, Kessler RC
and Koenen KC (2013) Trauma and posttraumatic stress disorder in South
Africa: analysis from the South African Stress and Health Study. BMC
Psychiatry 13(1), 182.

Bosco E, Hsueh L, McConeghy KW, Gravenstein S and Saade E (2021)
Major adverse cardiovascular event definitions used in observational anal-
ysis of administrative databases: A systematic review. BMCMedical Research
Methodology 21(1), 241.

Brady KT, Kileen TK, Brewerton T and Lucerini S (2000) Comorbidity of
psychiatric disorders and posttraumatic stress disorder. Journal of Clinical
Psychiatry 61(Supplement 7), 22–32.

Breslau N, Davis GC, Peterson EL and Schultz L (1997) Psychiatric sequelae
of posttraumatic stress disorder in women. Archives of General Psychiatry
54(1), 81–87.

Brewin CR, Andrews B and Valentine JD (2000) Meta-analysis of risk fac-
tors for posttraumatic stress disorder in trauma-exposed adults. Journal of
Consulting and Clinical Psychology 68(5), 748–766.

Chen M-H, Pan T-L, Li C-T, Lin W-C, Chen Y-S, Lee Y-C, Tsai S-J, Hsu J-
W, Huang K-L, Tsai C-F, Chang W-H, Chen T-J, Su T-P and Bai Y-M
(2015) Risk of stroke among patients with post-traumatic stress disorder:
Nationwide longitudinal study. The British Journal of Psychiatry 206(4),
302–307.

Contractor AA, Weiss NH, Dolan M and Mota N (2020) Examination
of the structural relations between posttraumatic stress disorder symp-
toms and reckless/self-destructive behaviors. International Journal of Stress
Management 27(1), 35–44.

Day C and Gray A (2013) Health and related indicators. South African Health
Review 17.

De Hert M, Detraux J and Vancampfort D (2018)The intriguing relationship
between coronary heart disease and mental disorders. Dialogues in Clinical
Neuroscience 20(1), 31–40.

DiGangi JA, Gomez D, Mendoza L, Jason LA, Keys CB and Koenen KC
(2013) Pretrauma risk factors for posttraumatic stress disorder: A systematic
review of the literature. Clinical Psychology Review 33(6), 728–744.

Edmondson D, Kronish IM, Shaffer JA, Falzon L and Burg MM (2013)
Posttraumatic stress disorder and risk for coronary heart disease: A meta-
analytic review. American Heart Journal 166(5), 806–814.

Edmondson D and von Känel R (2017) Post-traumatic stress disorder and
cardiovascular disease.The Lancet Psychiatry 4(4), 320–329.

Flory JD andYehudaR (2015) Comorbidity between post-traumatic stress dis-
order andmajor depressive disorder: Alternative explanations and treatment
considerations. Dialogues in Clinical Neuroscience 17(2), 141–150.

Gooley TA, LeisenringW, Crowley J and Storer BE (1999) Estimation of fail-
ure probabilities in the presence of competing risks: New representations of
old estimators. Statistics in Medicine 18(6), 695–706.

Gordon T, Booysen F and Mbonigaba J (2020) Socio-economic inequalities
in the multiple dimensions of access to healthcare: The case of South Africa.
BMC Public Health 20(1), 289.

Gradus JL, Farkas DK, Svensson E, Ehrenstein V, Lash TL, Milstein A,
AdlerN and SørensenHT (2015) Associations between stress disorders and
cardiovascular disease events in the Danish population. BMJ Open 5(12),
e009334.

Herman AA, Stein DJ, Seedat S, Heeringa SG, Moomal H andWilliams DR
(2009) The South African Stress and Health (SASH) study: 12-month and
lifetime prevalence of common mental disorders. South African Medical
Journal 99(5 Pt 2), 339–344.

Hernán MA and Robins JM (2020) Causal Inference: What If. Boca Raton:
Chapman & Hall/CRC.

Heumann C and Shalabh MS (2016) Introduction to Statistics and Data
Analysis. Switzerland: Springer Cham.

Jacquet-Smailovic M, Brennsthul M, Denis I, Kirche A, Tarquinio C and
Tarquinio C (2022) Relationship between Post-traumatic Stress Disorder
and subsequent myocardial infarction: A systematic review and meta-
analysis. Journal of Affective Disorders 297, 525–535.

Kessler RC, Aguilar-Gaxiola S, Alonso J, Benjet C, Bromet EJ, Cardoso G,
Degenhardt L, deGirolamoG,DinolovaRV,Ferry F, Florescu S,GurejeO,
Haro JM,HuangY,KaramEG,KawakamiN, Lee S, Lepine JP, LevinsonD,
Navarro-Mateu F, Pennell BE, Piazza M, Posada-Villa J, Scott KM,
Stein DJ, Ten HaveM, Torres Y, VianaMC, PetukhovaMV, Sampson NA,
Zaslavsky AM and Koenen KC (2017) Trauma and PTSD in the WHO
World Mental Health Surveys. European Journal of Psychotraumatology
8(sup5), 1353383.

Lambert AM, Parretti HM, Pearce E, Price MJ, Riley M, Ryan R, Tyldesley-
Marshall N, Avşar TS, Matthewman G, Lee A, Ahmed K, Odland ML,
Correll CU, Solmi M and Marshall T (2022) Temporal trends in associ-
ations between severe mental illness and risk of cardiovascular disease: A
systematic review and meta-analysis. PLoS Medicine 19(4), e1003960.

Lendle SD, Schwab J, Petersen ML and van der Laan MJ (2017) ltmle: An R
package implementing targeted minimum loss-based estimation for longi-
tudinal data. Journal of Statistical Software 81(1), 1–21.

Mansournia MA, Etminan M, Danaei G, Kaufman JS and Collins G (2017)
Handling time varying confounding in observational research. BMJ 359,
j4587.

McCall CA, Turkheimer E, Tsang S, Avery A, Duncan GE and Watson NF
(2019) Sleep duration and post-traumatic stress disorder symptoms: A twin
study. Sleep 42(12), 1–10.

Nambiema A, Lisan Q, Vaucher J, Perier MC, Boutouyrie P, Danchin N,
Thomas F, Guibout C and Solelhac G, Heinzer R, Jouven X, Maruqes-
Vidal P and Empana JP (2023) Healthy sleep score changes and incident
cardiovascular disease in European prospective community-based cohorts.
European Heart Journal 44(47), 4968–4978.

NDoH, STATS S, SAMRC and ICF (2019) South Africa Demographic and
Health Survey 2016. Pretoria, South Africa, and Rockville, Maryland, USA:
National Department of Health, Statistics South Africa, South African
Medical Research Council, and ICF.

O’Connor RC, Worthman CM, Abanga M, Athanassopoulou N, Boyce N,
Chan LF, Christensen H, Das-Munshi J, Downs J, Koenen KC,
Moutier CY, Templeton P, Batterham P, Brakspear K, Frank RG,
Gilbody S, Gureje O, Henderson D, John A, Kabagambe W, Khan M,
Kessler D, Kirtley OJ, Kline S, Kohrt B, Lincoln AK, Lund C,
Mendenhall E, Miranda R, Mondelli V, Niederkrotenthaler T, Osborn D,
Pirkis J, Pisani AR, Prawira B, Rachidi H, Seedat S, Siskind D,
Vijayakumar L and Yip PSF (2023) Gone Too Soon: Priorities for
action to prevent premature mortality associated with mental illness and
mental distress.The Lancet Psychiatry 10(6), 452–464.

O’Donnell CJ, Schwartz Longacre L, Cohen BE, Fayad ZA, Gillespie CF,
Liberzon I, Pathak GA, Polimanti R, Risbrough V, Ursano RJ, Vander
Heide RS, Yancy CW, Vaccarino V, Sopko G and Stein MB (2021)
Posttraumatic stress disorder and cardiovascular disease: State of the sci-
ence, knowledge gaps, and research opportunities. JAMA Cardiology 6(10),
1207–1216.

Ozer EJ, Best SR, Lipsey TL and Weiss DS (2003) Predictors of posttrau-
matic stress disorder and symptoms in adults: Ameta-analysis. Psychological
Bulletin 129(1), 52–73.

PetersenM, Schwab J, Gruber S, BlaserN, SchomakerMand van der LaanM
(2014) Targetedmaximum likelihood estimation for dynamic and static lon-
gitudinal marginal structural working models. Journal of Causal Inference
2(2), 147–185.

RadellML,HamzaEAandMoustafaAA (2020)Depression in post-traumatic
stress disorder. Reviews in the Neurosciences 31(7), 703–722.

https://doi.org/10.1017/S2045796024000052 Published online by Cambridge University Press

https://doi.org/10.1017/S2045796024000052


Epidemiology and Psychiatric Sciences 9

Rosengren A, Smyth A, Rangarajan S, Ramasundarahettige C,
Bangdiwala SI, AlHabib KF, Avezum A, Bengtsson Bostrom K,
Chifamba J, Gulec S, Gupta R, Igumbor EU, Iqbal R, Ismail N, Joseph P,
Kaur M, Khatib R, Kruger IM, Lamelas P, Lanas F, Lear SA, Li W,
Wang C, Quiang D, Wang Y, Lopez-Jaramillo P, Mohammadifard N,
Mohan V, Mony PK, Poirier P, Srilatha S, Szuba A, Teo K, Wielgosz A,
Yeates KE, Yusoff K, Yusuf R, Yusufali AH, Attaei MW, McKee M and
Yusuf S (2019) Socioeconomic status and risk of cardiovascular disease in 20
low-income, middle-income, and high-income countries: The Prospective
Urban Rural Epidemiologic (PURE) study. The Lancet Global Health 7(6),
e748–e760.

Ruffieux Y, Wettstein A, Maartens G, Folb N, Mesa-Vieira C, Didden C,
Tlali M, Williams C, Cornell M, Schomaker M, Johnson LF, Joska JA,
Egger M and Haas AD(2023) Life-years lost associated with mental illness:
A cohort study of beneficiaries of a SouthAfricanmedical insurance scheme.
Journal of Affective Disorders 340, 204–212.

Sareen J (2014) Posttraumatic stress disorder in adults: Impact, comorbid-
ity, risk factors, and treatment. The Canadian Journal of Psychiatry 59(9),
460–467.

Scherrer JF, Salas J, Cohen BE, Schnurr PP, Schneider FD, Chard KM,
Tuerk P, FriedmanMJ, Norman SB, van denBerk-clark C and LustmanPJ
(2019) Comorbid conditions explain the association between posttraumatic
stress disorder and incident cardiovascular disease. Journal of the American
Heart Association 8(4), e011133.

Schisterman EF, Cole SR and Platt RW (2009) Overadjustment bias and
unnecessary adjustment in epidemiologic studies. Epidemiology 20(4),
488–495.

Schomaker M, Luque-Fernandez MA, Leroy V and Davies MA (2019) Using
longitudinal targeted maximum likelihood estimation in complex settings
with dynamic interventions. Statistics in Medicine 38(24), 4888–4911.

Schultz WM, Kelli HM, Lisko JC, Varghese T, Shen J, Sandesara P,
QuyyumiAA,TaylorHA,GulatiM,Harold JG,Mieres JH, FerdinandKC,
MensahGA and Sperling LS (2018) Socioeconomic status and cardiovascu-
lar outcomes: Challenges and interventions.Circulation 137(20), 2166–2178.

Shao M, Lin X, Jiang D, Tian H, Xu Y, Wang L, Ji F, Zhou C, Song X and
Zhuo C (2020) Depression and cardiovascular disease: Shared molecular
mechanisms and clinical implications. Psychiatry Research 285, 112802.

Song H, Fang F, Arnberg FK, Mataix-Cols D, Fernández de la
Cruz L, Almqvist C, Fall K, Lichtenstein P, Thorgeirsson G and
Valdimarsdóttir UA (2019) Stress related disorders and risk of cardiovas-
cular disease: Population based, sibling controlled cohort study. BMJ 365,
l1255.

Tang C, Goldsamt L, Meng J, Xiao X, Zhang L, Williams AB and Wang H
(2020) Global estimate of the prevalence of post-traumatic stress disorder
among adults living with HIV: A systematic review and meta-analysis. BMJ
Open 10(4), e032435.

Tibshirani R (1996) Regression shrinkage and selection via the Lasso. Journal
of the Royal Statistical Society. Series B (Methodological) 58(1), 267–288.

Van der Laan M and Rose S (2011) Targeted Learning in Data Science. New
York, NY: Springer.

Young JG, Stensrud MJ, Tchetgen Tchetgen EJ and Hernán MA (2020)
A causal framework for classical statistical estimands in failure-
time settings with competing events. Statistics in Medicine 39(8),
1199–1236.

https://doi.org/10.1017/S2045796024000052 Published online by Cambridge University Press

https://doi.org/10.1017/S2045796024000052

	Post-traumatic stress disorder as a risk factor for major adverse cardiovascular events: a cohort study of a South African medical insurance scheme
	Introduction
	Methods
	Study design
	Study population
	Measures
	Statistical analysis
	Ethical considerations

	Results
	Study population
	Characteristics of the study population
	The cumulative incidence of PTSD and associated factors
	Association between PTSD and MACE
	Association between PTSD and CVD risk factors
	Risk of MACE under PTSD and no PTSD

	Discussion
	Conclusion
	References


