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ABSTRACT  

 

Introduction: Hypertension is the most prevalent risk factor of cardiovascular diseases in Malaysia. 

17.3% of hypertension cases in Malaysia is attributed to adults aged 18 to 39 years. Psychosocial distress is a 

possible risk factor for elevated blood pressure in young adults, and cortisol could be the mediating factor. 

The aim of this study is to evaluate the mediating role of cortisol in hypertension and psychosocial distress 

in young adults. Methods and materials: A comparative cross-sectional study was conducted in 240 young 

adults aged 18 to 45 years. The body mass index, waist circumference and blood pressure parameters were 

recorded. Serum cortisol, creatinine, fasting blood glucose and lipid profile were measured following acute 

mental stress test. Psychosocial distress was assessed using the DASS-21 questionnaire. Results: Mean 

(standard deviation) values for SBP, DBP, MAP were 126.0(16.3), 84.1(12.2) and 98.1(13.1) mmHg 

respectively. Anxiety was significantly associated with systolic blood pressure (β=0.644), diastolic blood 

pressure (β=0.454) and mean arterial pressure (β=0.516) after adjusting for sex, age and cortisol. However, 

it was not mediated by cortisol. Depression and stress were not found to have any effect on blood pressure 

of the young adults studied. Conclusion: The data suggest that there is no elevated risk for psychosocial 

distress and hypertension that cortisol poses in young adults.  
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INTRODUCTION 

Hypertension is a global epidemic affecting 40% of 

adults above 25 years old in 2008, and is responsible 

for 45 and 51% of ischemic heart disease and stroke 

death, respectively.1 The number in Malaysia is 

higher than the average among South East Asian 

countries (43 vs. 37%).1,2 Hence, putting it as the 

most prevalent cardiovascular risk factor (55%) 

among Malaysians as well as among acute coronary 

syndrome patients (65%), overcoming smoking, which 

is predominant elsewhere (62%).3-5 Noticeably, 17.3% 

of hypertension cases in Malaysia is attributed to 

adults age 18 to 39 years.6 It is disputed that 

additional factors could be contributing to the high 

numbers of young adults with above-normal blood 

pressure. Being a young adult is the epitome of 

progression and advancement in life including career, 

family, financial and social status, before reaching 

stability in later life. During this challenging and 

exciting period, many would have endured increasing 

psychosocial distress from the extra workload, unmet 
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expectation and fragmented emotion. Hence, 

psychosocial distress could be the perpetrator 

leading to elevated blood pressure.  

 

A number of studies have looked into the likelihood 

of having high psychosocial distress among subjects 

with essential hypertension with conflicting 

findings.7-11 Two most commonly associated 

psychosocial factors were chronic stress, and non-

adaptive stress response or low resilience.12-15 

Specifically, among middle-age population, stress 

was found to be a risk factor for hypertension among 

females, but not males (OR 1.231-1.285).16 

Nonetheless, studies looking at psychosocial factors 

and blood pressure among young adults are still 

lacking. 

 

The sympathetic-neuroendocrine over-reactivity was 

hypothesised as a chief reason linking psychosocial 

distress to hypertension.13,17,18 Specifically, in young 

adults, higher salivary cortisol levels predicted 

higher blood pressure only in subjects with agonistic 

striving, but not with depressive symptoms.19 

Nevertheless, it is not known if elevated cortisol 

further aggravates the associative effect of 

psychosocial stress on blood pressure. The aim of 

this study is to evaluate the mediating role of 

cortisol in hypertension and psychosocial distress in 

young adults. Eventually, it is hoped by identifying 

the link between psychosocial distress, cortisol and 

blood pressure, we could highlight the importance of 

maintaining mental well-being as a prevention of 

hypertension in young adults. 

 

MATERIALS AND METHODS 

 

This is a comparative cross-sectional study done in 

Kuantan, Pahang, Malaysia. Subjects were recruited 

by purposive sampling according to their blood 

pressure status as outlined by the Clinical Practice 

Guidelines on Management of Hypertension 4th 

edition.20 The study protocol was reviewed and 

approved by the Ministry of Health Malaysia 

Research Ethics Committee (NMRR-16-2572-32869) 

and International Islamic University Malaysia 

Research Ethics Committee (IREC 544). 

 

Subject Recruitment 

Two hundred and forty subjects aged between 18 to 

45 years were recruited from several public health 

screening programs and primary health care clinics. 

Subjects with previous diagnosis of hypertension or 

has been on anti-hypertensive medications, history 

of chronic diseases, including acute coronary 

syndrome, diabetes mellitus, autoimmune disease, 

epilepsy, endocrine diseases, including Cushing’s 

syndrome and Conn’s disease, neoplasm and 

psychiatric comorbidity, women on hormonal 

contraception or pregnant, patients on 

corticosteroid medication, and those with evidence 

of secondary hypertension were excluded from the 

study.  

 

Study Protocol 

 

Subjects were given an appointment to attend the 

Clinical Trial Unit at International Islamic University 

Malaysia, Kuantan Campus between 8 to 9 am. They 

were fasted overnight prior to the appointment and 

advised to avoid strenuous work and alcohol 

consumption for 24 hours prior to the appointment. 

All participants were provided with an information 

sheet and written informed consent was obtained.  

 

Social-demographic variables measured included 

age, sex, race, smoking status, alcohol intake 

status, body mass index (BMI) and waist 

circumference. Blood pressure was measured using 

recently validated automated digital blood pressure 

monitor (Omron HEM-7130) and average blood 

pressure was taken on three different occasions 

(screening, sample collection and blood results 

consultation day.)  

 

Mean arterial pressure (MAP) was derived from the 

formula, MAP = ⅓ Systolic blood pressure + Diastolic 

blood pressure (mmHg). Stroop Colour and Word 

Test (SCWT) were conducted prior to blood–taking 

to induce acute mental stress. Ten millilitres of 

venous blood were collected for biochemical tests, 

including serum creatinine, fasting blood glucose, 

fasting lipid profile, and serum cortisol. 

Psychosocial distress was measured by self-

administered, validated Bahasa Melayu version DASS

-21 Questionnaire.21 DASS-21 Questionnaire is a       

4-point severity scale of 21 questions measuring 

depression, anxiety and stress over the past one 

week, and were comparable to the 42 item 

questionnaire.21  
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Statistics 

 

The data was analysed using IBM SPSS Statistics 22.0 

(IBM Corp, Armonk, New York). All numerical data 

were described using mean (standard deviation). 

The associations among psychosocial distress, 

cortisol and blood pressure parameters were 

evaluated using general linear model. Subsequently, 

the mediation analysis of the role of cortisol in the 

associations between psychosocial distress and 

blood pressure parameters, were tested using 

PROCESS Macro version 2.16 for SPSS by Andrew F. 

Hayes.22 All models were adjusted for age, sex and 

fasting blood glucose. The theoretical model is 

shown in Fig. 1. p<0.05 was considered statistically 

significant. 

Figure 1: Theoretical model of the factors affecting 

blood pressure parameters. The factors tested include 

age, sex, psychosocial distress and serum cortisol. This 

model also includes the hypothesized mediating role of 

cortisol on the association of psychosocial distress with 

blood pressure parameters. Psychosocial distress 

components were depression (D), anxiety (A) and stress 

(S) as measured by DASS-21 questionnaire. Blood pressure 

parameters include systolic blood pressure (SBP), diastolic 

blood pressure (DBP) and mean arterial pressure (MAP).  

 

RESULTS 

 

The subjects were distributed between 18 to 45 

years old with the mean age of 32.4(6.9) years, 

63.8% were male and 91.3% were Malay (Table I). 

Mean (standard deviation) values for SBP, DBP and 

MAP were 126.0(16.3), 84.1(12.2) and 98.1(13.1) 

mmHg respectively. 

 

Associations between psychosocial distress and 

blood pressure parameters 

The anxiety level was positively associated with SBP 

(β=0.644, p=0.032), DBP (β=0.230, p=0.049) and 

MAP (β=0.516, p=0.035). No significant association 

between depression and stress level, with any blood 

pressure parameters were found after adjusting for 

age and sex. After adjusting for sex, age and fasting 

blood glucose, the cortisol level was not associated 

with SBP, DBP and MAP (Table II). 

 

Table I: Sociodemographic distribution of the subjects 

aMean (Standard deviation).  

 

Mediation analysis of the role of cortisol in the 

association between psychosocial distress and 

blood pressure parameters  

 

The mediation model for the effect of cortisol for an 

association between depression/anxiety/stress and 

blood pressure parameters is shown in Figure 2 with 

standardised regression coefficients. There was no 

significant association between depression (Figure 2a

-c), anxiety (Figure 2d-f) and stress (2g-i), with 

serum cortisol level, after adjusting for sex, age and 

fasting blood glucose. After adjusting for age, sex, 

fasting blood glucose and each component of 

psychosocial distress, we found that cortisol was not 

significantly associated with SBP, DBP or MAP (Figure 

2), however the trend appears to be approaching 

significance (p ranges from 0.052 to 0.076).  

 

The direct effect of depression and stress, on SBP, 

DBP and MAP were not significant (Figure 2a-c, 2g-i). 

However, anxiety had a significant direct effect on 

MAP (β=0.500, p=0.043), while the direct effect on 

SBP and DBP were approaching significance 

(p=0.051) (Figure 2d-f). On the other hand, indirect 

Sociodemographic aspect n (%) 

Age (years) 32.5(6.9)a 

Male 
153 (63.8) 

Race Malay 
220 (91.7) 

Others 
20 (8.3) 

Smoking  
54 (22.5) 

Alcohol intake  
10 (4.2) 

Body mass index (kg/m2) 27.5 (5.7)a 

Waist circumference (cm) 

                          

                          Female 

                          

                          Male 

90.5(12.9)a 

86.1(11.1)a 

93.1(13.2)a 
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effect output indicated that there was no mediation 

effect of cortisol in the association between anxiety 

and MAP (indirect effect=-0.0012, 95%CI=[-0.091, 

0.071]). Overall, serum cortisol did not mediate the 

association between psychosocial distress and blood 

pressure parameters. 

 

Table II: p-value of association between psychosocial 

distress and cortisol level with blood pressure, and 

psychosocial distress to cortisol level using general linear 

model.  

*(β) was mentioned when p<0.05. θAdjusted for age and 

sex. 

 

DISCUSSION  

 

In this study, our analysis showed that anxiety was 

positively associated with SBP, DBP and MAP 

whereas depression and stress were not. Moreover, 

the data suggest that anxiety had a significant 

direct effect on MAP only, and cortisol had no 

mediating role in the association. The significant 

relationship between anxiety and blood pressure is 

consistent with the findings of previous studies in a 

middle-aged Dutch cohort (mean age 58.2 years) 

and among European students (mean age 23.9 

years).23,24 This positive association highlights the 

importance of managing anxiety among young 

adults. Nevertheless, one study had previously 

reported an inverse relationship between anxiety 

and blood pressure among migrants in Ghanaian 

with high prevalence of hypertension (54%).10 With 

regards to stress, our finding was in contrast to 

many studies which reported that stress is a risk 

factor for hypertension.12,14,16,24,25 The non-

significant mediation by cortisol in the association 

between psychological distress and blood pressure 

parameters suggest that changes in serum cortisol in 

distressed young adults do not further affect the 

blood pressure.  

  p-value (β) after adjusting for age and 

sex 

Systolic 

blood pres-

sure (SBP) 

Diastolic 

blood pres-

sure (DBP) 

Mean 

arterial 

pressure 

(MAP) 

Depression 

level 

0.307 0.298 0.285 

Anxiety level 0.032* 

(0.644) 

0.049* 

(0.230) 

0.035* 

(0.516) 

Stress level 0.353 0.141 0.193 

Cortisol level 0.156θ 0.118θ 0.118θ 

 

The difference in results could be due to the 

different psychological tool used to measure 

psychological stress, and the duration of 

experiencing distress prior to the study. Among 

other tools used by other groups were Composite 

International Diagnostic Interview Short-Form for 

Major Depression, The Anxiety Scale of the Italian 

Version of the General Health Questionnaire (GHQ-

12) and 6-item Kessler Psychological Distress Scale. 

The current study utilised DASS-21 questionnaire 

which measured the depression, anxiety and stress 

over the past week. Furthermore, our hypertensive 

samples were newly-diagnosed who have yet to 

receive anti-hypertensive treatment. 

 

Based on our finding, a recent psychological distress 

does not cause a sudden increase in blood pressure. 

While our findings were in contrast to the findings of 

other researchers that reported positive association 

between chronic psychological distress and blood 

pressure, we suggest that the association could be 

reciprocal, i.e., in a long run, the psychological 

distress could cause an increase in blood pressure. 

Due to the cross-sectional study design, we cannot 

rule out the causal link and alternative mechanisms. 

 

In the present study, cortisol was not associated 

with any of the blood pressure parameters when 

adjusted to each psychosocial distress although the 

trends were approaching significance. This is in 

contrast to the hypothesis that cortisol reactivity 

could modulate blood pressure.26 We postulate that 

this finding could potentially change if the study 

was carried out in a larger sample size. The non-

significant mediation by cortisol in the association 

between psychological distress and blood pressure 

parameters suggest that changes in serum cortisol in 

distressed young adults do not further affect the 

blood pressure. Finally, it would also be beneficial if 

we could assess serum cortisol variability and 

quantitate the different sites of cortisol such as the 

urinary or salivary cortisol. 

 

This study attended current gaps in the literature in 

a few ways. We have narrowed down our samples to 

young adults which overcome the lack of literature 

on studies of essential hypertension in young adults, 

and we only included newly-diagnosed hypertensive 

samples which excluded the compounding effect of 

anti-hypertensive medication intake and 

hypertension-related complications from the 

analysis.  
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Figure 2: Results of the mediation model for each psychosocial distress component. The path weights in the graphs 

were standardised. (a)(b)(c) represents the mediation model of cortisol in the association between depression and blood 

pressure parameter, (d)(e)(f) represents the mediation model of cortisol in the association between anxiety and blood 

pressure parameters,(g)(h)(i) represents the mediation model of cortisol in the association between stress and blood 

pressure parameters. D = Depression. A = Anxiety. S = Stress. C = Serum cortisol. SBP = Systolic blood pressure. DBP = 

Diastolic blood pressure. MAP = Mean arterial pressure. β=standardised coefficient. All models are adjusted for age, sex 

and fasting blood glucose.      

Also, we address the question of the interrelations 

between psychosocial distress, cortisol and blood 

pressure which has not been studied elsewhere. 

Additionally, we measured SBP, DBP and MAP as 

blood pressure parameters to allow an inclusive 

review of the effect of psychosocial distress on 

blood pressure. Furthermore, many groups focused 

on one component of psychosocial distress, while 

we measured multiple components; depression, 

anxiety and stress, which enabled us to 

independently evaluate the directions of the 

association of each component.  

 

LIMITATIONS OF THE STUDY 

 

One of the limitations of this study is that  

 

the forte of the findings was restricted by the cross-

sectional observational study design.  

 

Second, the current study’s sample size is limited to 

n=240, and we cannot ensure that the direction 

would remain when the effect was studied in a larger 

sample size. Longitudinal study using a larger sample 

size is obliged to further describe the direction and 

magnitude of effects, and to satisfy the 

generalizability of findings. Third, the psychosocial 

distress described in this study was only of the recent 

one week. Hence, we cannot rule out the possibility 

that an acute or long-term distress could be 

differently associated with cortisol and blood 

pressure. Therefore, the proposed mediational 

pathway are subject to be tested with different 
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intervals of psychosocial distress. Finally, we could 

not exclude the white-coat effect during which the 

blood pressure was measured, although we have 

tried to minimize the effect by taking three 

measurements at different instances.   

 

Despite the limitations, the current study 

contributes to the literature by refining the 

associations between psychosocial distress, cortisol 

and blood pressure in young adults. Our findings 

suggest that in managing young adults with high 

blood pressure, emphasis should be made on the 

psychological aspect of their management, rather 

than relying merely on the blood results and 

pharmacotherapy.  

 

CONCLUSION 

 

The current study showed that there is no elevated 

risk for psychosocial distress and hypertension that 

cortisol poses in young adults. 
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