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ABSTRACT

Introduction: Individuals who experienced traumatic events were more susceptible to non-communicable diseases and adop-
tion of health-harming behaviours. Clearer understanding of the relationship between trauma and PTSD on the risk trajectories
of CVD, especially among adolescents are missing in the literature.

Objective: This study investigated the associations of posttraumatic stress disorder (PTSD) manifestation and early risk factors
for cardiovascular physiological measures, i.e., high blood pressure and heart rate among adolescence.

Methods: A total number of 606 adolescents aged 14-19 years old (M=16.9, SD = 1.28) to participate in the present study. Their
blood pressure, heart rate and body mass index (BMI) were measured. They were asked to rate their possible trauma experi-
ences and PTSD symptoms via questionnaires.

Results: Results showed that PTSD symptoms had a significant effect on blood pressure and heart rate reading. Total PTSD
scores and only specific trauma types were significant predictors for the blood pressure and heart rate changes among adoles-
cence.

Conclusion: It is concluded that risk factors related to reported associations between trauma, PTSD symptoms, and physi-
ological outcomes among adults might be able to identify in adolescence suggesting early detection and intervention to reduce

adverse physical health outcomes are required.
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INTRODUCTION

An adverse traumatic experience may lead to Posttraumatic
Stress Disorder (PTSD) diagnosis and may affect physical
and mental health which persisted into adulthood.'? Individ-
uals with PTSD tend to have difficulties in their later mar-
ried life; especially problems with social life.** This may due
to the durable changes in human metabolic and homeostasis
as well as imbalanced allostatic systems in which lead to
progressive physiological damage.>® Thus, individuals who
experienced traumatic events were more susceptible to non-
communicable diseases and adoption of health-harming be-
haviours. However, only for the last few decades, additional
concern focused on the rising risk for adverse physical health
outcomes due to potentially traumatic experiences, and the
development and manifestation of PTSD.’

The increasing number of cardiovascular diseases (CVD)
cases has become a leading health issue globally, including
in Malaysia. Trauma exposure and PTSD were hypothesized
as one of the risk factors for the CVD development from
two different aspects - biological or behavioural alteration
or pathway.®!® The biological alteration or pathway in ex-
plaining the relationship of traumatic exposure, PTSD and
CVD involved the elevation of blood pressure and heart rate
as well as other biomarkers of inflammation.!" The behav-
ioural alteration or pathway, on the other hand, involved in-
dividuals’ health-related behaviours such as alcohol drink-
ing, smoking, physical inactivity, being overweight or obese
in which were also known as the traditional risk factors of
CVD. However, there was a need for a clearer understanding
of the relationship between trauma and PTSD on the risk tra-
jectories of CVD, especially among adolescents. This would
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have great benefit in understanding the aetiology and pathol-
ogy of the disease for prevention and healing.

With strong consistency between trauma and/or PTSD-re-
lated structural brain research, stress served as the mediator
with greater adverse health outcomes, especially cardiovas-
cular health.'>!* According to allostatic load theory, higher
allostatic responses referred to the aggregate physiological
detriment resulting from adaptation to high levels of stress.
This would increase inflammation, heart rate and blood pres-
sure, prolonged activation of hypothalamic-pituitary-adrenal
(HPA) and the sympathetic nervous system (SNS), which
eventually may lead to adverse physical health outcomes.>!
Individual’s heart rate was regulated due to the SNS or the
parasympathetic nervous system (PNS), and the Systolic
Blood Pressure (SBP) and Diastolic Blood Pressure (DBP) as
the key indicator for the cardiac physiological disturbance."

Trauma exposure and/or PTSD were also associated with in-
creased blood pressure, basal catecholamine and decreased
cortisol level which ultimately leads to atherosclerosis and
cardiovascular system damage.'>!® A higher heart rate was
found in women with PTSD than those without.!” Using car-
diovascular ambulatory monitoring research design, Beckham
et al."® were able to investigate cardiovascular functioning and
its relationship with PTSD among 193 women for 24 hours.
Women with PTSD has a significant association with a higher
ambulatory heart rate and DBP than those without PTSD, re-
sulting in harm cardiovascular functioning. However, Beck-
ham et al.'® study limited the interpretation of the causal effect
of PTSD and blood pressure and did not test the cardiovascu-
lar ambulatory monitoring on the male population.

The association between traumatic exposure and/or PTSD
with heart rate!' and blood pressure was found even in ado-
lescence.'® Blood pressure increases were due to the vaso-
constriction of vessels in the blood reservoir due to the secre-
tion of renin, angiotensin I and II which may have affected
by consistent high level of stress.!® One hundred and fifteen
adolescents with a history of lifetime violence exposure
showed elevated blood pressure and heart rate at both base-
lines and in response to laboratory stressor.'® Another Na-
tional Longitudinal Study of Adolescent Health comprised
of 3,555 males and 4,416 females (aged 11 to 17 years)
found the association between exposure and hypertension,
and subsequently adult cardiovascular risk."

In a nationally representative study of 9,699 adolescents and
young adults who suffered from severe victimization and
perpetration to physical intimate partner violence reported
an increase in blood pressure and incidence of hyperten-
sion.?’ Suglia et al.?! showed a significant elevation of blood
pressure, which resulted in adverse cardiovascular outcomes
in adulthood. One hundred and eighty-five military students
participated in a highly realistic mock-captivity scenario and
their blood pressure was measured before (as the baseline),

directly after and 24 hours and finally, after the captivity
scenario.” The result showed a significant elevation in SBP
even 24 hours after the stressful mock training, especially
for female participants. One criticism of this study was that
the elevation of SBP after a stressful event in 24 hours was a
normal physiological reaction of the body, thus was weak to
draw a strong conclusion.

A cardiovascular physiological reactivity change (i.e., the
elevation of blood pressure) occurring in traumatized indi-
viduals was found even before they developed PTSD.!* This
may provide hints for clinicians in detecting blood pressure
among traumatized individuals and clinicians may treat this
action as an early detection procedure of CVD. However,
the statistical power of the result obtained in Gandubert et
al.’’ study was weak due to its small sample of middle-aged
adults. Drawing any conclusion regarding the course of the
pathology processes for adverse physical health outcome
was further hindered since most individuals experienced
traumatic events at the age of 16 to 20.%* Thus, the present
study aimed to examine the relationship of traumatic expo-
sure on blood pressure among adolescents (age ranged from
14 to 18) to further investigate for the relationship.

Trauma exposure and/or PTSD concerning CVD might also
be explained by sympathetic over activation.* Overactiva-
tion of sympathetic responses resulted in an elevated heart
rate which was closely associated with being overweight as
well as obesity.?*? Being overweight and obese served as
mediators of increased sodium retention in blood vessels
which lead to an increase of blood volume and pressure; this
increase of volume and pressure, therefore, hurts cardiovas-
cular health.*** Apart from the relationship between trauma
exposure and/or PTSD with excessive weight and obesity,
researchers also associated trauma exposure and/or PTSD
with other unhealthy behaviours such as alcohol drinking,
smoking, and sleeping less that have a significant relation-
ship with adult cardiovascular disease.?”*® Most of the cross-
sectional and retrospective study reported that individual
with trauma exposure has poorer sleep.?’

This study collected data from adolescents across different
districts of Malaysia to investigate the unresolved issues.
This is not only reduced the potential recall bias that resulted
in an over-or under-estimation of trauma exposure. The pre-
sent study included physiological measures such as measure-
ment of blood pressure and BMI which may provide richer
data set in explaining the relationship of trauma exposure
and/or PTSD in health-related behaviours.

MATERIALS AND METHODS

Participants and procedure
The study sample comprised 606 adolescents who were recruit-
ed from different states, villages and schools to participate in the
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present study based on multistage sampling. Their age ranged
between 14 to 19 years (M = 16.9, SD = 1.28) with 63.2% fe-
male and 36.8% male. Most of them were Malays (77.4%),
followed by Iban (10.4%), Chinese (4.1%), others bumiputra
(6.1%), Bidayuh (1.2%) and Indian (0.8%).

Participants’ written consent for participation was obtained
in which permission from a parent or legal guardian was ob-
tained. All participants were informed about their rights, the
possible risks of the study, issues of confidentiality and the
procedure of data collection. All participants completed the
demographic questionnaire themselves. Other information
including potential traumatic events, mental and physical
health history, substance use habits (i.e. alcohol and ciga-
rette), and physical activities were gathered through a face-to-
face individual interview and anthropometric measures. This
study was approved by the Ethics Committees of University
Malaysia Sarawak (reference letter number: UNIMAS/NC-
21.02/03-02(51) and the Malaysian Ministry of Education
(reference letter number: JPS(W)/SK2P/(Lat)153/08/02/05/
J1d.51(41)), followed by the local District Office and Educa-
tion Departments. This study was approved by the Malaysian
Ministry of Health and the Malaysian National Institute of
Health (reference number: NMRR-15-721-25741 (IIR).

Possible Trauma Events

Life Event Checklist for DSM-5 (LEC-5%) with seventeen
potential traumatic or negative life events with additional
three items such as near-drowning, persecution/humilia-
tion and childhood neglect was used to investigate partici-
pant’s direct or indirect exposure to the potentially traumatic
events. The Cronbach’s alpha for the full sample in the pre-
sent study was 0.73.

Posttraumatic Stress Disorder (PTSD)

The Posttraumatic Stress Disorder Checklist for DSM-5
(PCL-5%%) was used to screen for PTSD symptoms. Partici-
pants were asked to rate 20 items self-administered question-
naire that corresponding to the DSM-5 PTSD symptoms on
a 5 Likert scale, ranging from 0 points (Not at all) to 4 (ex-
tremely). A total score was obtained and a cut-off of 33 was
used to determine a participant with or without PTSD?!32),
PCL-5 showed good internal consistency (o = .91) and test-
retest reliability (» = .61).

Health-related behaviours and physiological
measures

Participants were asked about their health-related be-
haviours using an adapted US National Health Interview
Survey Checklist.*® The questions include habit and the
quantities of cigarettes smoking, alcohol drinking, sleep-
ing hours, and a variety of physical health complaints such
as back pain, hypertension, and chronic headaches. Partici-
pants who reported never had smoking habits (rated as 0),

smoked one to ten cigarettes per day rated as 1, eleven to
twenty cigarettes rated as 2, above 20 cigarettes as 3, and a
former smoker as 4. Heavy alcohol drinker drank 5 or more
drinks (more than 3000 ml for 2-5% alcohol percentage al-
cohol beverage) in the past 30 days. For the full sample of
participants, the Cronbach’s alpha of adapted US National
Health Interview Survey Checklist in the present study was
0.72.

Field-testing protocol and measures
Anthropometric measurements were taken for each partici-
pant before they were asked to rest in a quiet place. They
were asked to remove their shoes before testing. Their height
and body mass were measured using a portable stadiometer
and electronic medical scale. Blood pressure and heart rate
were measured at different time points using an automatic os-
cillometric blood pressure unit. The participants were asked
to rest in a quiet location in the school for 15 minutes with
arm resting on the table. The automatic blood pressure unit
took three measures: once before the participants answered
any questions and have rested for 15 minutes, another meas-
urement was taken when they were answering the trauma
and PTSD questionnaires and the last one was taken before
they left the room. The measurement of blood pressure and
heart rate at different time points was important in examining
the direct effects of traumatic events on physical reactions.
Blood pressure and heart rate were only measured by using
the non-dominant hand to avoid the effect of movement on
blood pressure reading. All the measurements were done by
a nutritionist.

Data Analysis

The IBM SPSS statistics- version 22 was used for data analy-
sis after data checking and data cleaning. A descriptive anal-
ysis of frequency and percentage including the prevalence
of trauma exposure means of socio-demographic character-
istics, and BMI scores were reported. Unadjusted odds ratios
(OR) with 95% confidence intervals (95% CI) were used
to estimate the risk of the physical health condition, PTSD
and other adult psychopathology as they appear naturally in
the population. Significant associations or relationships or
predictors were claimed as obtained a p-value was less than
0.05.3* A stepwise regression was used in predicting the risk
of cardiovascular disease.

RESULTS

There were 90.6% of the participants reporting at least one
exposure to trauma (n = 549). Approximately 41.9% (n =
254) of the participants were retraumatized. Of 606 par-
ticipants, 13.7% of them reported PTSD symptoms. The
most prevalent forms of trauma among participants who
reported PTSD symptoms were a natural disaster (26.5%),
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transportation accident (22.9 %), near drowning (8.4%),
other forms of trauma (8.4%), and physical assault (7.2%).
Average SBP in the sample was 112 (+ 12) mmHg, average
DBP was 70 (+ 9) mmHg and mean HR was 84 (+ 12) beats
per minutes. On average, adolescents have a BMI of 21.8
(+5) kg/m.?

Numbers of trauma was significantly associated with SBP
changes (F ,, ., =2.44, p < 0.001) and heart rate changes
(F .55 — 1.644,p =0.033) among the adolescents but not
DBP changes (F s 556 =0.968, p =0.503). Both SBP and HR
changes have linear relationship with the numbers of trauma
experienced and reached its significant level, p =0.003 and p
=0.046 respectively.

Risk Factors of Blood Pressure and Heart Rate
Change

With all variables included in the analysis, a significant mod-
el has explained 21.2% of the variance, F a0 = 3174, p
< 0.001. Gender (t = 2.08, p =0.038), ethnicity (t = 2.21, p
=0.028), total score of PCL-5 (t=11.64, p <0.001) were the
significant predictors of SBP change. In models adjusted for
socio-demographic factors and PTSD, the model reached it
significance level, F 6.5 = 182, p < 0.001, in which na-
ture disaster (t = 2.64, p =0.009), near drowning (t = 2.32,
p =0.021) captivity (t = 2.46, p =0.014), humiliation (t =
2.55, p =0.011), serious injured that caused by participant (t
=2.33, p =0.020) and absence of parent (t = 2.07, p =0.039)
were the significant predictors for SBP change.

With all variables included in the analysis, a significant
model has explained 3.1% of the variance, F 356 5.94,
p =0.001. Ethnicity (t = 2.506, p =0.012), age (t = 2.049, p
=0.041) and total score of PCL-5 (t = 3.15, p =0.002) were
the significant predictors for DBP change. In models adjust-
ed for socio-demographic factors and PTSD, near drowning
(t=2.19, p =0.029) was the significant predictors for DBP
change and the model reached it significance level, F
4.81, p=0.029.

s

With all variables included in the analysis, a significant
model has explained 6.1% of the variance, F 56 15.32,p
<0.001). Gender (t=2.55, p=0.011), and total score of PCL-
5 (t=5.29, p <0.001) were the significant predictors for HR
change. In models adjusted for socio-demographic factors
and PTSD, serious accident (t = 2.24, p =0.025) and parental
divorce (t=2.86, p =0.004) was the significant predictors for
SBP change and the model reached it significance level, F ,
=6.19, p=0.002.

576)

With all variables included in the analysis, a significant
model has explained 3.6% of the variance, F 5580 = 7.30,
p < 0.001). Age (t = 3.53, p <0.011), ethnicity (t = 2.38, p
=0.017) and hours of sleep (t =2.06, p =0.040) were the sig-
nificant predictors for adolescents’ BMI.

DISCUSSION

Understanding the aetiology of PTSD would help in explain-
ing the mechanism of the PTSD and physical health outcome
association among adolescence with local data. Inconsistent
with the work of Pretty et al.*® who found no significant
traumatic effect on children (aged 11 to 14 years old) blood
pressure, the adolescent sample in the present study demon-
strated trauma event was significantly associated with SBP
and HR reading. The result also showed that PTSD served
as a significant predictor for the SBP, DBP and HR changes.
This suggested that that as early as late adolescence the ef-
fect of trauma and PTSD was shown in their blood pressure
and heart rate measure. A similar suggestion was made by
Stein et al.?” a data from ten countries (N = 18, 630), show-
ing that individuals with 2 or more childhood trauma have
their onset of hypertension at the age of 21 years old. Previ-
ous researchers commented that CVD as one of the chronic
diseases which generally have its onset during mid to late
adulthood should be viewed as a cumulative result of de-
velopmental disorder that begin in the early of life.>**” They
claimed that the incident of CVD could be reduced if early
detection and treatment were given to alleviate the stress-
related symptoms among the children and adolescents.?"
Thus, the present finding might give a hint for the early de-
tection of adverse physical health outcomes through moni-
toring blood pressure and heart rate among this age group.

Another issue was whether trauma exposure or PTSD itself
played a more important role in the blood pressure and heart
rate changes. This study suggested that PTSD played a more
important role in such changes. The present findings showed
that PTSD was persistent predictor throughout the models
for blood pressure and heart rate changes among the ado-
lescents even after adjusting the cofounders.’® The current
finding was consistent with other studies where authors used
different methodologies to investigate the role of PTSD in
predicting adverse physical health outcomes such as Gold-
berg et al.*® and Paulus et al.*” Sumner et al.* found that only
14% of participants with traumatic experience but with no
PTSD symptoms were associated with adverse physical out-
comes, whereas 47% of the participants who experienced
trauma and exhibited PTSD symptoms were associated with
CVD. This again showed that traumatized individuals with
PTSD symptoms were at a higher risk of CVD than those
with only traumatic experience but no PTSD symptoms.

Despite evidence indicating that PTSD was a risk factor for
physiological measure change, resulting in elevated blood
pressure and heart rate, other studies presented inconsistent
results. For example, Clark, Thatcher and Martin* and Good-
ing et al.*? found no association between history of childhood
abuse and blood pressure elevation in adolescents and young
adults aged between 12 to 32-years-old. This raised interest in
the effect of numbers of traumatic experiences in explaining
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this inconsistent finding. Most of these findings focused on a
single specific trauma exposure such as violence, or sexual
abuse, or 9/11 attack; however, it was important to take life-
time trauma into account as multiple trauma exposures were
common.” The present study found that numbers of trauma
were the significant linear association with SBP and HR
changes, suggesting that with increased numbers of traumatic
experience, individuals were at higher risk of having elevated
blood pressure and heart rate as young as late adolescence.
This would give a new perspective and focus on the paedi-
atric practice, parents, and teachers that served as the first-
line guardians of a healthy child and adolescent development
through increase mental health literacy especially topic related
to trauma exposure and PTSD.

This was further supported by a recent imaging study, show-
ing that emotional stressors significantly associated with
amygdala activity in which increased the arterial inflam-
mation that can lead to cardiovascular disease in human be-
ings.® This further supported the allostatic load theory that
explained the association between trauma exposure, PTSD
and cardiovascular-related outcomes. Human physiologi-
cal changes that associated with stress are due to the acti-
vation of the amygdale.?**° Kraynak et al.** and Tawakol et
al.* study not only focused on the physical manifestations of
stress, but the biochemical consequences of the stress per-
ceived. The result of these studies was consistent with the
allostatic load theory that has been discussed above, discuss-
ing that stress might induce cardiovascular events. As illus-
trated above, PTSD and traumatic event have a high level of
chronic stress.*

Limitation and Recommendation

One of the limitations of the present study was the retrospec-
tive self-reports that may argue to have recall bias in report-
ing their history. However, Scott, McLaughlin, Smith and El-
lis* commented that such bias was insufficient to invalidate
the study. They also commented that the retrospective study
would be able to explore the underlying cognitive mecha-
nisms of traumatized individuals and their medical outcomes
after the events. The present study did not include the bio-
chemical effect of trauma exposure and PTSD on cardiovas-
cular disease because this was beyond the scope of the study.

PTSD might play its mediator role that exaggerated the
physiological responses and increased the risk of adverse
physical health outcome among this group of adolescents.
However, it was possible that other variables such as dys-
lipidemia, age, diabetes mellitus which might affect the de-
velopment of CVD, thereby contributing to our finding that
PTSD was not a significant mediator. A bigger sample size
that involved clinical sample may be needed in a future study
to draw any conclusion.

Cardiovascular reactivity was demonstrated to associate with
the experience of negative valence emotions, for example,

shame.?® These negative emotions were always associated with
typical behaviour patterns like avoidance as coping mecha-
nisms.*® Alcohol drinking and smoking were common exam-
ples of avoidance coping style especially after experiencing
the traumatic event.’ Negative feelings of shame, guilt, and
anger as variables in the future study might able to serve as
moderators and to provide a more comprehensive explanation
of the PTSD — adverse physical health outcome association.

The manifestation of PTSD may also promote and exagger-
ate the unhealthy behaviours such as drinking alcohol, smok-
ing, binge eating which played an important role in CVD
development. It is, therefore, giving treatment or psycho-
intervention to patients with PTSD not only reducing the
mediation of the unhealthy behaviours, physiological meas-
ures, but would increase physical activities,**® and sleeping
hours. The treatment or psycho-intervention could also intro-
duce skills or techniques such as deep breathing exercises,
alternate nostril breathing® to manage their overwhelmed
emotions. With these changes, it might able to re-stabilize
and balanced the stress-response system, subsequently re-
duced the risk of developing CVD. As the participants re-
cruited in the present study was at a young age without any
physical health diagnosis, psychoeducation was suggested to
be suitable to imply. However, further research was needed
to investigate the effectiveness of psychoeducation among
individuals with trauma exposure and/or PTSD in the pre-
vention of cardiovascular health.

CONCLUSIONS

The present study has several clinical implications; most
importantly that PTSD could serve as one of the potential
risk factors for elevated blood pressure and heart rate. Ex-
posure to a traumatic event is likely to influence fundamen-
tal biological processes leading to adverse health outcomes
in adulthood. It is yet to draw any conclusion regarding the
PTSD role in any adverse physical health outcomes, the
study showed the association of the consequences of trauma
on physical health at a young age which might predispose
to the outcomes. Given that the association of physiologi-
cal changes among traumatized young adults suggested more
studies should be conducted especially trauma interventions
and prevention programmes that might have an impact on
the development of adult adverse physical health outcomes.
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