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Hypothalamic-pituitary-adrenal-axis dysregulation
and double product increases potentiate ischemic
heart disease risk in a Black male cohort: the
SABPA study

Leoné Malan1, Christiaan E Schutte1, Ala’a Alkerwi2, Saverio Stranges2,3 and Nicolaas T Malan1

Emotional distress has been associated with a poorer prognosis in myocardial infarction patients. Elevated adrenocorticotrophic

hormone (ACTH), lower cortisol, dehydroepiandrosterone sulfate (DHEAS) and cortisol:DHEAS, as measures of emotional distress,

might correlate with silent myocardial ischemia (SMI) and workload. Thus, we assessed the relationship between emotional

distress, SMI and double product (systolic blood pressure (SBP) ´ heart rate). Cross-sectional South African biethnic single-set

cohorts (N=378), aged 44.7±9.52 years, were investigated. Depressive symptoms (Patient Health Questionnaire-9),

anthropometric, fasting blood, 24-h double product and 24-h 2-lead electrocardiogram (ST-segment depression) values were

obtained. Blacks, mostly men, had increased depressive symptoms, hyperglycemia, SMI, double product, SBP hypertension and

ACTH but lower cortisol, DHEAS and cortisol:DHEAS than their White counterparts. Black men had the highest combined SBP

hypertension and below-median cortisol prevalence, 38%, compared with 5.9–13.8% in the other groups. Their SMI was

associated with ACTH and cortisol:DHEAS (adj. R2 0.29; β 0.27–0.31 (0.12–0.64); Pp0.05), double product (adj. R2 0.29; β
0.38 (0.18–0.57); P=0.050) and SBP hypertension (area under the curve: 0.68 (95% CI: 0.56, 0.80); P=0.042; sensitivity/

specificity 49/85%). Double product was positively associated with central obesity in all sex groups and with cortisol in the

Black men (Po0.05). A dysregulated hypothalamic-pituitary-adrenal-axis (HPAA) showed signs of a hyporesponsive adrenal

cortex, suggesting chronic emotional stress in the Black male cohort. In this cohort, HPAA dysregulation and compensatory

increases in double product occur as a potential defense mechanism to alleviate perfusion deficits, thereby potentiating ischemic

heart disease risk.

Hypertension Research (2017) 40, 590–597; doi:10.1038/hr.2017.5; published online 9 February 2017

Keywords: Africans; double product; hypothalamic-pituitary-adrenal-axis; myocardial ischemia

INTRODUCTION

Globally, hypertension is responsible for an estimated 45% of deaths
because of heart disease and 51% of deaths because of stroke.1

However, increasing concern regarding hypertension prevalence has
been raised by findings obtained from the Sympathetic activity and
Ambulatory Blood Pressure in Africans (SABPA) prospective study.2,3

Hamer et al.2 and Malan et al.3 demonstrated higher 24-h hyperten-
sion prevalence (66%) in Blacks compared with White teachers
(42%).2,3 Since 1989, various factors have contributed to higher
hypertension prevalence in Africans, particularly when exposed to a
taxing stressful environment and when acculturation is evident.4,5

Indeed, emotional stress has been associated with a risk for
hypertension3,5 and ischemic heart disease,6–8 but is largely

understudied in Africa. To date, emotional stress has been associated
with left ventricular wall remodeling,7 silent myocardial ischemia
(SMI) and vascular disease in a metanalyses8 and in a Black male
cohort.7,9–10 However, further investigation on the hypothalamic-
pituitary-adrenal-axis (HPAA) emotional stress response and cardio-
myopathy is warranted.
Prolonged exposure to taxing emotional stress may disrupt the

maintenance of normal circulatory levels of cortisol, resulting in
dysregulation of the HPAA and adrenal cortex maladaptation.9–15

Under normal circumstances, HPAA negative feedback responses
entail the secretion of hypothalamic corticotrophin‐releasing hormone
by parvicellular neurons of the hypothalamic paraventricular nucleus,
which stimulates pituitary adrenocorticotrophic hormone (ACTH)
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secretion and the synthesis and secretion of glucocorticoids by the
adrenal cortex.11–15 A dysregulated HPAA may thus elicit a gluco-
corticoid response, which impairs the individual’s adaptation to stress
to a more non-responsive system or adrenal fatigue. HPAA dysregula-
tion will elevate pituitary production of ACTH albeit lower cortisol
and androgen hormone, that is, dehydroepiandrosterone sulfate
(DHEAS) levels.13,14 DHEAS antagonizes the effects of cortisol and
lowers the levels of both cortisol and DHEAS. In fact, disrupted
cortisol:DHEAS ratios were found among those with depression and
adrenal fatigue.13,14 In hypertensive subjects, relative attenuation in
HPAA feedback sensitivity was found following dexamethasone
suppression.11 Thus, dysregulation of the HPAA might correlate to
myocardial ischemia and volume loading owing to increased metabolic
demands. Double product (systolic blood pressure (SBP) ×heart rate),
acting as an index of myocardial oxygen consumption and
workload,16,17 will increase to alleviate perfusion deficits (ST-segment
depression) to maintain homeostasis. Thus, our main aim was to
assess the relationships between emotional distress markers resembling
HPAA activity (ACTH, cortisol, DHEAS, cortisol:DHEAS, waist
circumference (WC)), SMI and double product in a South African
biethnic sex cohort.

METHODS

Study design and participant selection
Our substudy is nested in the Sympathetic activity and Ambulatory Blood
Pressure in Africans (SABPA) study (2008–2009), described in detail
elsewhere.18 Black Africans (Blacks) and White Africans (Whites) with similar
socioeconomic status included 409 school teachers (aged 20–65 years) from the
Dr Kenneth Kaunda Education District, South Africa (Figure 1). Exclusion
criteria were tympanum temperature above 37.5 °C, the use of psychotropic
substances or α- and β-blockers and blood donors or individuals vaccinated
within 3 months before data collection. In addition, we excluded cortisone
derivative users (n= 3), participants diagnosed with atrial fibrillation (n= 16)
and clinically diagnosed diabetes (n= 12). The final sample consisted of 378
individuals. Participants were fully informed of the study procedure and
provided their signed informed consent. The study was approved by the Ethics
Committee of the North-West University (NWU-00036-07-A6) and complied
with the Declaration of Helsinki criteria for Human Research (revised 2004).

Experimental methods and clinical assessments
Research procedure. The research team was thoroughly trained for the 48 h
clinical assessment phase, and all apparatuses were calibrated before use.
Between 0700 and 0900 hours on a working day at school, ambulatory blood
pressure, electrocardiogram (Cardiotens CE120; Meditech, Budapest, Hungary)

and accelerometer apparatuses were applied (Actical; Mini Mitter, Montreal,

Quebec). At 1630 hous, participants were transported to the North-West

University Metabolic Unit Research Facility, where they were introduced to the

experimental setup and underwent further clinical assessments. Participants

completed a battery of psychosocial tests under the supervision of a registered

clinical psychologist. Participants received a standardized dinner and were

requested to go to bed at no later than 2200 hours and to fast overnight.

At 0615 hours, the ambulatory blood pressure monitors and accelero-

meters were removed, followed by anthropometric measurements and blood

sampling.

Cardiovascular assessment. The ambulatory blood pressure was fitted to the
non-dominant arms of four teachers using an appropriately rectangular cuff

size. Blood pressure measurements were obtained every 30 min during the day

(0800–2200 hours) and hourly during the night (2200–0600 hours).19

Participants continued their usual daily activities and were asked to record

occurrences of stress, physical activity, headache, syncope, dizziness, nausea,

palpitations, hot flushes and visual disturbances on their ambulatory diary card.

The mean successful inflation rate was lower in Black subjects (men, 75.8% and

women, 69.6%) than White subjects (men, 84.5% and women, 84.6%). The

observed pronounced troncoconical-shaped arms20 of obese Black women

contributed to the lower cuff inflation rate.20,21

SMI events or perfusion deficits (ST-segment depression) were assessed by
two-channel 24-h electrocardiogram recordings (Cardiotens CE120; Meditech)

for 20 s at 5 min intervals. Before the start of the ambulatory investigation, the

isoelectric reference point (PQ segment), J point and L point (80 ms after the J

point), with an ST-segment detection interval of at least 3 mm as the initial ST

level, were calculated individually for each patient. An ischemic event

was recorded according to the following criteria: horizontal or descending

ST-segment depression by at least 1 mm; duration of the ST-segment episode

lasting ⩾ 1 min, and a ⩾ 1-min interval from the preceding episode.22 In the

case of horizontal or descending ST depression (1 mm–1 min duration at a

1- min interval from the preceding episode), an electrocardiogram tracing

lasting 60 s was recorded and an additional blood pressure measurement was

automatically initiated by the trigger mechanism of the device. The data were

analyzed using CardioVisions 1.19 Personal Edition (Meditech). Ambulatory

hypertension was defined as systolic and/or diastolic ⩾ 130/80 mm Hg or the

use of antihypertensive medication.

Anthropometric measurements
The Actical accelerometer monitor (Mini Mitter, Bend, OR, USA; Montreal,

QC, Canada) measured physical activity for 24 h considering resting metabolic

rate. Anthropometric measurements were performed in triplicate by registered

anthropometrists (Precision health scale (A & D Company, Tokyo, Japan) and

Invicta Stadiometer IP 1465 (Invicta, London, UK)). For standardization

purposes, circumference measurements were obtained with a non-extensible

and flexible anthropometric tape. WC was obtained at the midpoint between

the lower costal rib and iliac crest, perpendicular to the long axis of the trunk,

not at the narrowest point. Body surface area was calculated for each participant

according to the Mosteller formula. Intra- and interobserver variability was

o10%.

Depressive symptoms
Depressive symptoms were assessed using the 9-item Patient Health Ques-

tionnaire (PHQ-9),23 which has been validated in various ethnic groups,

including sub-Saharan Africans.24 The questionnaire is designed for use in

primary health-care settings adapting diagnostic criteria from the DSM-IV

(Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition). Each

item of the PHQ-9 evaluates the presence of one of the nine DSM-IV criteria of

major depression. In the current study, the Cronbach’s α reliability index for

the total PHQ-9 score was 0.81. Items on the questionnaire are scored to reflect

the frequency of symptom occurrence during the prior 2 weeks. The

recommended and established PHQ-9 cutoff point of 410 indicated clinical

moderate–severe depression.23,24
Figure 1 Design of the Sympathetic activity and Ambulatory Blood Pressure
in the African (SABPA) teacher cohort.
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Blood sampling and biochemical analyses
Fasting blood samples were obtained from the antebrachial vein branches with
a winged infusion set using a standardized protocol and stored at − 80 °C until
batch assay. γ-Glutamyl transferase (γ-GT) and cotinine levels were used as
proxy biomarkers for alcohol and smoking habits. Sequential multiple analyzers
assessed NaF glucose, serum γ-GT, high-sensitivity C-reactive protein, cotinine
and HbA1C (glycated hemoglobin) (Konelab 20i (Thermo Scientific, Vantaa,
Finland), Unicel DXC 800- Beckman and Coulter (Ludwigsburg, Germany)
and Integra 400 (Roche, Switzerland, respectively)). Serum cortisol, DHEAS
and ACTH samples were obtained before 0900 hours and analyzed with ECLIA
(Elecsys 2014, Roche Basel, Switzerland). Inter- and intrabatch variability was
5.4% and 2.9%, respectively. EDTA plasma HIV infection status was
determined using the First Response Kit (PMC Medical, Daman, India) and
confirmed using the Pareekshak test (Bhat Biotech, Bengaluru, India).

Statistical analysis
Statsoft (Statistica) version 13 (Statsoft Inc., Tulsa, OK, USA; 2013) and SPSS
software package version 22 for Windows (IBM, SPSS, Chicago, IL, USA) were
used to perform data analyses. Normality of the data was ascertained with
Shapiro–Wilks analyses, and logarithmic transformation was deemed appro-
priate for C-reactive protein, physical activity, cotinine, γ-GT and SMI. General
linear models determined the main effects interaction (ethnic× sex) for
cardiometabolic risk markers independent of a priori confounders (age, WC,
log physical activity, log cotinine and log γ-GT). Baseline characteristics were
compared using Student's t-tests and presented as the median± interquartile
ranges. χ2 Tests computed proportions and prevalence. To determine HPAA
dysregulation, the cohort was stratified into low (o346.45 nmol l− 1) and high
(⩾346.45) cortisol levels. Normal reference ranges for fasting serum cortisol
when sampled before 0900 hours varies between 171 and 536 nmol l− 1.13

The linear association between SMI and 24 h SBP hypertension was
determined from the maximum of the Youden index (J) (sensitivity+specifi-
city− 1) using nonparametric receiver operating characteristic curves in the
biethnic sex groups. Multiple linear regression analyses were computed in
several models. Forward stepwise regression analyses determined associations
(1) between the dependent (SMI and double product) and independent
variables (ACTH, cortisol, depressive symptoms and a priori confounders)
and (2) between the dependent (SMI and double product) and independent
variables (cortisol:DHEAS, depressive symptoms and a priori confounders).
Double product was added as covariate in the SMI models.

Sensitivity analyses
Linear regression analyses were repeated (1) after excluding HIV-infected
subjects and (2) hypertensive medication users. The null hypothesis was
rejected for values of P⩽ 0.05.

RESULTS

General linear models determined biethnic sex differences for SMI
(F1336= 13.15, Po0.001) and double product (F1364= 15.71,
Po0.001) independent of a priori confounders. Biethnic differe-
nces existed for ACTH (F1336= 19.13, Po0.006) and cortisol
(F1364= 15.69, Po0.001). Thus, we stratified the participant sample
into ethnic × sex subgroups.
In Table 1, Black subjects displayed a shorter stature; cardiometa-

bolic vulnerability (higher alcohol consumption, mean hyperglycemia
(HbA1C⩾ 5.7%), mean low-grade inflammation (C-reactive protein
⩾ 3 mg l− 1)); more emotional stress (higher ACTH, depressive
symptoms, lower DHEAS); increased SMI prevalence rate; and higher
double product, and BP and heart rate levels than White subjects.
In Table 2, considering confounders, a similar trend but more

defined profile of cardiometabolic risk was observed, particularly in
Black men. Black men revealed more emotional distress (higher
ACTH, lower cortisol and DHEAS, moderate–severe depression),
increased SMI, BP, double product and antihypertensive medications
usage than White men. Black women displayed less cardiometabolic

vulnerability than their male counterparts but demonstrated a higher
risk than White women in most cases (Pp 0.05).
SMI was associated with SBP hypertension in Black men

(area under the receiver operating characteristic curve= 0.68 (95%
CI: 0.56, 0.80); P= 0.02; sensitivity/specificity 49/85%) (Supple-
mentary Table A1).
In Table 3, positive associations (P⩽ 0.05) were observed between

SMI and emotional distress markers (ACTH and cortisol:DHEAS) in
Black men. Double product was positively associated with SMI,
cortisol and alcohol intake (γ-GT) in Black men (P⩽ 0.05). Positive
associations were also evident between double product and WC
in all ethnic and sex groups, P⩽ 0.05. Self-reported depressive
symptoms were not related to SMI or double product in any of the
subgroups. Excluding HIV-infected subjects and antihypertensive
medication users from the linear regression analyses did not change
the outcome.
In Figure 2, a composite profile of increased risk marker pre-

valence existed for emotional stress (below-median cortisol,
o346.45 nmol l− 1), perfusion deficits (SMI) and ambulatory SBP
hypertension (12.2–13%) in Black subjects compared with White
subjects (5.3–5.9%).
Figure 3 provides a graphical presentation of the proposed

dysregulated HPAA mechanism in Black men.

DISCUSSION

Overall, dysregulated HPAA suggestive of adrenal hyporesponsiveness
and chronic emotional distress was associated with myocardial silent
ischemia and increased myocardial workload in a Black African male
cohort. Compensatory increases in myocardial oxygen consumption
or workload to alleviate perfusion deficits were demonstrated with an
increased heart rate and an alarmingly high ambulatory SBP hyperten-
sion prevalence of 70.7%. To the best of our knowledge, this is the first
quantitative study demonstrating a direct relationship between the
brain (emotional stress) and heart (myocardial ischemia and double
product) in a cohort from sub-Saharan Africa.
Specifically, a matter of great concern is the poor BP control and

accompanying SMI profile of Black male teachers. Only 33.7% of these
teachers reported hypertension medication usage, reflecting
either unawareness or a lack of compliance, thereby increasing their
stroke risk.3 Concurrently, the Inter-stroke Investigators’ report
obtained from 32 countries showed a population stroke risk of
47.9% attributed to hypertension, whereas 9.1% was due to cardiac
causes.25 Despite the large representative study sample, for stress data,
similar to alcohol intake, a 5.8% risk was observed. However, findings
from this report were mostly self-reported (qualitative), and varying
protocols may not truly reflect susceptibility for ischemic heart disease
and stroke.

Emotional stress and HPAA dysregulation
In our cohort, quantitative measurement of emotional stress risk
markers were determined and higher ACTH levels but lower cortisol,
DHEAS and cortisol:DHEAS levels, were evident in the Black cohort.
Higher levels of cortisol were expected as high cortisol levels have
been associated with acute emotional distress.12 However, chronic
exposure to emotionally demanding psychosocial stress situations
may facilitate regulatory feedback, resulting in the downregulation or
hyporesponsiveness26–29 between the HPAA, pituitary ACTH and
adrenal activity.11–15 Indeed, chronic depression symptoms were
evident in the current urban-dwelling cohort, underscoring the
notion of chronic emotional distress and potential dysregulated
HPAA at baseline.3 Ongoing unremitting stress indicates that the
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adrenal gland is in a constant state of alert and does not have time to
recover, which may result in exhaustion.13,14 This finding might
explain the higher ACTH but lower cortisol, DHEAS and cortisol:
DHEAS levels in Black men, accompanied by more depressive
symptoms than in White men, exacerbating dysregulation of the
HPAA. A loss of downstream signaling appears to occur at the
receptor level in the adrenal cortex, desensitizing the cortisol-releasing
cells to ACTH, which reduces negative feedback mechanisms of
cortisol and DHEAS on ACTH.26,29 Thus, we cautiously suggest the
possibility of cortisol hyporesponsivity or potential exhaustion, as
chronic emotional distress facilitated HPAA hyperactivity and desen-
sitized cortisol. This finding supports the observed higher ACTH and
lower cortisol:DHEAS in Black men. However, the decline in cortisol:
DHEAS ratio is the result of a larger decline in cortisol than in
DHEAS. The positive association of cortisol:DHEAS with SMI is thus

driven more by lower cortisol than DHEAS levels. Our data firmly
support the results of De Kock et al.9 who showed attenuated cortisol
responses to acute mental stress in SABPA Black men, suggesting
adrenal hyporesponsiveness or fatigue. A similar trend was also
shown in other African cohort studies.5,7 However, prospective
findings are needed to confirm HPAA downregulation.
On a related note, when cortisol levels are disrupted, central obesity

acts as a strong supporting marker for emotional distress.30–33 Bjö
rntorp33 demonstrated an association between psychosocial stress
and increased corticoid receptor binding in abdominal adipose tissue,
thus reflecting increased cortisol levels and central obesity. The
urban Black male cohort presented higher ACTH, lower cortisol
and DHEAS levels accompanied by central obesity that exceeded
recently proposed ethnic-specific WC cut-points (Black men
(⩾90 cm))30 and support the possible dysregulation of the HPAA

Table 1 Baseline characteristics of the study population

Variable Black Africans (N=182) White Africans (N=196) P-values

Age (years) 43.0 (38.0, 51.0) 47.0 (39.0, 53.0) 0.330

Lifestyle confounders
Stature (cm) 164.48 (145.0, 186.6) 173.72 (153.6, 198.5) o0.001

Body surface area (m2) 1.90 (1.7, 2.1) 1.99 (80.6,102.8) 0.001

Waist circumference (cm) 92.38 (81.0, 103.0) 92.42 (80.6,102.8) 0.982

Physical activity (kcal per day) 2583.3 (2158, 43105.1) 2942.2 (2370, 43509.1) o0.001

Cotinine (ng ml−1) 0.01 (0.01,11.0) 0.10 (0.1, 0.0) 0.273

γ-Glutamyl transferase (U l−1) 40.55 (27.5, 70.1) 18.00 (12.0, 28.0) o0.001

Potential stress markers
ACTH (pg ml−1) 18.40 (12.2, 25.6) 13.33 (9.3,19.8) o0.001

Cortisol (nmol l−1) 329.20 (252.9, 448.7) 383.55 (264.4, 493.5) 0.094

DHEAS (nmol l−1) 2629.85 (1457.8, 4445.1) 3023.07 (1997.8, 5400.3) 0.008

Cortisol:DHEAS 0.13 (0.07, 0.22) 0.11 (0.06, 0.20) 0.183

Depressive symptoms score 9.00 (5.0, 12.0) 5.00 (2.0, 8.0) o0.001

Depressed, N (%)a 63 (34.6) 26 (13.3) o0.001

Ambulatory blood pressure and cardiovascular risk markers
C-reactive protein (mg l−1) 4.81 (1.9, 9.5) 1.50 (0.9, 3.7) o0.001

Cholesterol (mmol l−1) 4.45 (3.7, 5.4) 5.40 (4.7, 6.3) o0.001

Glucose (nmol l−1) 5.17 (4.7, 5.7) 5.68 (5.2, 5.90) o0.001

HbA1C (%) 5.7 (5.5, 6.1) 5.40 (5.2, 5.7) o0.001

SBP (mm Hg) 133 (121, 144) 123 (116,129) o0.001

DBP (mm Hg) 82 (75, 90) 76 (71, 81) o0.001

Heart rate (b.p.m.) 79 (72, 86) 74 (66, 81) o0.001

Double product (mm Hg.b min−1) 10 267 (9030, 11 760) 8826 (7972, 10 049) o0.001

Silent myocardial ischemia events, N (%) 93 (51.1) 83 (42.4) 0.003

Hypertension, N (%)b 118 (64.84) 76 (39.78) o0.001

Self-reported medication usage
Acetylcholine agonists, N (%) 3 (1.65) 0 (0) 0.71

ACE inhibitors, N (%) 19 (10.44) 4 (2.04) o0.001

ANG II antagonists, N (%) 1 (0.55) 1 (0.51) 0.958

ANG receptor blockers, N (%) 0 (0) 2 (1.02) 0.171

Diuretics, N (%) 21 (11.54) 8 (4.08) 0.006

Calcium blockers, N (%) 13 (7.14) 1 (0.51) o0.001

Aspirin, N (%) 3 (1.65) 10 (5.10) 0.065

Statins, N (%) 2 (1.04) 9 (4.55) 0.050

Abbreviations: ACE, angiotensin-converting enzyme; ANG, angiotensin; ACTH, adrenocorticotrophin; DBP, diastolic blood pressure; DHEAS, dehydroepiandrosterone sulfate; HbA1c, glycated
hemoglobin; N, number of observations; PHQ-9, 9-item Patient Health Questionnaire; SBP, systolic blood pressure.
Values are presented as median plus/minus interquartile range.
aClinical diagnosis: moderate-severely depressed (PHQ-9⩾10); bhypertension (ambulatory SBP⩾130 mm Hg and/or DBP⩾80 mm Hg or antihypertensive medication use).
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and higher susceptibility for chronic emotional distress.30–33 The
findings of Epel et al.31 also suggested that participants with greater
central obesity would be ‘non-habituators’ to stress, that is, that they
would reliably secrete cortisol in response to stressful situations.
Independent of emotional distress, WC showed strong associations
with the cardiovascular risk marker, double product, in the total
cohort. However, an increase in double product showed additive
myocardial ischemia risk in Black men only when emotional distress
values (cortisol:DHEAS) were considered.

Emotional stress, SMI and workload
Because more myocardial ischemic events were observed in the Black
men (11.1 events in 24 h), it is plausible that vascular respon-
siveness10,34 will increase the double product and may implicate
cardiac wall remodeling and ischemic heart disease. Even at the
microvasculature level, chronic emotional distress in relationship to
vascular dysregulation and ocular perfusion deficits has been shown.3

Chronic depression symptoms accompanied by hypoperfusion
predicted a wider retinal venular caliber, an index of stroke risk in
the current Black sex cohort.3

We could not identify any studies in Africa showing the importance
of double product as a risk marker for emotional distress or
cardiovascular disease. In Mongolians, the coexistence of hypertension
and high heart rate was shown to be a valuable predictor of stroke and
coronary heart disease incidence.35 Double product was also shown to
be an independent predictor of cardiovascular mortality in healthy
subjects and in patients with ischemic heart disease.36 In the Bogolusa
Heart study, African-American adults showed higher double product
and increased risk of cardiovascular disease compared with Caucasian
adults.37 However, these findings36,37 oppose the results of Schultz
et al.16 and Schutte et al.,38 who demonstrated that double product
may not be a good marker of increased cardiovascular disease in

African Blacks. In the International Database on Ambulatory blood
pressure in relationship to the Cardiovascular Outcomes (IDACO)
study,38 double product did not add to risk stratification beyond SBP
and heart rate in 9937 subjects (median age, 53.2 years; 47.3%
females). However, none of these studies16,35–38 considered associa-
tions between emotional stress markers and double product as a
cardiovascular disease risk.
Presently, we argue that double product may not precede SMI;22,39

instead, it may be compensatory to alleviate perfusion deficits and
associated HPAA dysregulation39–41 in Black men. Their higher
alcohol intake may further induce central nervous system depression
and a dysregulated HPAA, as cortisol interacts with the brain’s reward
system, contributing to the reinforcing effects of alcohol on myocar-
dial oxygen supply.39 The prognostic value of double product as an
index of myocardial oxygen consumption may also be supported by
enhanced sympathetic hyperactivity in Black men18,29–30,34 with initial
increases in cortisol. However, during chronic emotional distress,
HPAA dysregulation will increase vasoconstriction responsivity and
potentiate SMI.34 Thus, potential adrenal fatigue (higher ACTH,
hyporesponsive cortisol:DHEAS) accompanied by SMI may impair
autoregulation and facilitate compensatory increases in double
product. Thus, we cautiously suggest that when chronic emotional
distress and potential dysregulation of the HPAA is apparent,
maladaptive or high ACTH and below-median cortisol levels may
facilitate more SMI events to comply with higher central metabolic
demands. The dysregulated HPAA in the current study population
does not act as a protective mechanism against SMI.11,18,34 Thus, our
data contradict findings in metabolic syndrome rodent models, where
protective effects of glucocorticoid receptor blockers showed less
cardiac damage and adipose tissue inflammation.43

Increases in double product act as a compensatory mechanism or
defense response to upregulate metabolic demands, resulting in an

Table 2 Comparison of cardiometabolic risk markers in Black African vs. White African single-sex groups

Black men (N=92) White men (N=94) Black women (N=90) White women (N=102)

Unadjusted cardiometabolic risk markers
Stature (cm) 171.36 (169.9, 172.9) 180.54 (179.1, 182.0)** 158.49 (157.1, 159.9) 166.44 (165.2, 167.7)**

Waist circumference (cm) 96.13 (93.2, 99.1) 99.02 (96.1, 102.0)** 92.06 (89.7, 94.4) 86.36 (84.3, 88.5)**

γ-Glutamyl transferase (U l−1) 84.83 (70.1, 99.5) 34.83 (20.2, 49.4)** 46.9 (35.9, 57.9) 19.9 (9.6, 30.2)**

Cholesterol (mmol l−1) 4.55 (4.39, 4.8) 5.66 (5.4, 5.9)** 4.33 (4.04, 4.62) 5.73 (5.47, 6.0)**

C-reactive protein (mg l−1) 5.93 (4.6, 7.2) 1.71 (0.4, 3)** 11.14 (9.4, 12.8) 4.41 (2.8, 6.0)**

HbA1C (%) 6.27 (6.1, 6.5) 5.62 (5.4, 5.8)** 5.86 (5.7, 6.1) 5.39 (5.2, 5.6)**

Adjusted emotional stress and ABPM, and ECG risk markers
Adrenocorticotrophin (pg ml−1) 25.85 (22.62, 29.08) 17.74 (14.55, 20.93)** 17.81 (15.55, 20.07) 13.49 (11.44,15.54)*

Cortisol (nmol l−1) 357.67 (325.79, 389.55) 419.67 (386.92, 452.42)* 338.01 (297.44, 378.58) 377.39 (340.25, 414.52)

DHEAS (nmol l−1) 4128.94 (395.20) 5473.39 (301.04)** 1908.46 (190.21) 3115.07 (171.02)**

Cortisol:DHEAS 0.12 (0.01) 0.11 (0.01) 0.30 (0.04) 0.23 (0.04)

Depressed, N (%)a 29 (31.52) 9 (9.57)** 34 (37.78) 17 (16.67)*

SBP (mm Hg) 138 (136, 142) 126 (123, 129)** 128 (125,130) 121 (119, 124)**

DBP (mm Hg) 87 (86, 90) 79 (77, 81)**,† 78 (76, 80) 74 (73, 76)**

Heart rate (b.p.m.) 78 (76, 81) 73 (71, 76)** 78 (76, 80) 76 (74, 78)**

Double product (mm Hg.b min−1) 10 894.5 (10 475.6, 11 313.3) 9293.51(8863.28, 9723.7)* 9997.84 (9611.2, 10 384.5) 9303.06 (8949.2, 9656.9)

Silent myocardial ischemia (count) 11.28 (7.20,15.36) 1.70 (0.0, 5.74)** 3.43 (1.98, 4.88) 2.89 (1.56, 4.23)

SBP hypertension, N (%) 65 (70.65) 30 (31.91)** 37 (41.11) 17 (16.67)**

Antihypertensive usage, N (%) 31 (33.70) 11 (11.70)** 30 (33.33) 12 (11.76)**

Abbreviations: ABPM, ambulatory blood pressure; DBP, diastolic blood pressure; DHEAS, dehydroepiandrosterone sulfate; ECG, electrocardiogram; PHQ-9, 9-item Patient Health Questionnaire;
SBP, systolic blood pressure.
Adjustments were made for age, waist circumference, log cotinine, log γ-glutamyl transferase and log physical activity. Values are depicted as mean plus/minus (95% confidence interval).
Superscript symbol denotes significance: wP¼0.06; *P⩽0.05; **P⩽0.01.
aClinical diagnosis: moderate-severely depressed (PHQ-9⩾10).
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increase in myocardial oxygen supply in the maintenance of home-
ostasis. Higher chronic emotional demands emphasize susceptibility to
myocardial ischemia, and these emotional demands may be the
underlying reason for the differences observed in the biethnic sex
cohort. Black females may have increased resiliency towards emotional
distress as their SMI was positively associated with cortisol, which is
indicative of acute stress.30–33 However, no differences were observed
in SMI or double product when compared with White females. More
investigations are needed to clarify this matter.
Limitations of this study include the relatively small sample size,

which may not represent other teacher cohorts from sub-Saharan
Africa. Prospective findings are warranted to confirm dysregulation of
the HPAA and accompanying risk markers for cardiac stress.
In conclusion, a combination of increased central obesity and

higher ACTH-hyporesponsive cortisol:DHEAS may be the result of
chronic emotional distress in a Black male cohort. Such a profile

Table 3 Independent associations between silent myocardial ischemia, double product and emotional distress in Black and White single-sex

groups

Black men Black women

Independent variables Silent myocardial ischemia Double product Silent myocardial ischemia Double product

Adjusted R2; β (95% CI) 0.29 0.35 0.13 0.12

Waist circumference (cm) NS 0.32 (0.17, 0.51); Po0.001 NS 0.31 (0.09, 0.53); P=0.007

ACTH (pg ml−1) 0.27 (0.02, 0.53); P=0.041 — NS NS

Cortisol (nmol l−1) NS 0.23 (0.07, 0.41); P=0.009 0.30 (0.04, 0.58); P=0.04 NS

Depressive symptoms NS NS NS NS

GGT (U l−1) NS 0.31 (0.13, 0.49); Po0.001 - -

Adjusted R2; β (95% CI) 0.29 o0.10 o0.10 o0.10

Cortisol/DHEAS ratio 0.31 (0.12, 0.64)

P=0.007

NS NS NS

Depressive symptoms NS NS NS NS

Adjusted R2; β (95% CI) 0.29 o0.10 o0.10

Silent myocardial ischemia 0.38 (0.18, 0.57); P=0.050 –

Depressive symptoms NS NS NS NS

Independent variables

White men White women

Silent myocardial ischemia Double Product Silent myocardial ischemia Double product

Adjusted R2; β (95% CI) o0.10 0.32 o0.10 0.38

Waist circumference (cm NS 0.50 (0.32, 0.68); Po0.001 NS 0.38 (0.24, 0.62); P=0.002

ACTH, (pg ml−1) NS NS NS NS

Cortisol, (nmol l−1) NS NS NS NS

Depressive symptoms NS NS NS NS

GGT, (U l−1) NS 0.20 (0.02, 0.68); P=0.001 — —

Adjusted R2; β (95% CI) o0.10 o0.10 o0.10 o0.10

Cortisol/DHEAS ratio NS NS NS NS

Depressive symptoms NS NS NS NS

Adjusted R2; β (95% CI) o0.10 o0.10 o0.10 o0.10

Silent myocardial ischemia NS NS

Depressive symptoms NS NS NS NS

Abbreviations: CI, confidence interval; DHEAS, dehydroepiandrosterone sulfate; log γ-GT, gamma glutamyl transferase; —, no entry into model; NS, nonsignificant.
F to enter=3. Covariates included age, log physical activity and log cotinine. In silent myocardial ischemia models, double product was added as covariate.
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Figure 2 Composite profile of risk marker prevalence in a biethnic single-sex
cohort from South Africa with SBP hypertension; SBP hypertension plus
24 h SMI (silent myocardial ischemic events); SBP hypertension plus low
cortisol (cortisol below median: o346.45 nmol l−1); or SBP hypertension
plus 24 h SMI plus low cortisol (cortisol below median: o346.45 nmol l−1).
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resembles a dysregulated HPAA in Black men. The absence of chronic
emotional distress in Black females or in the White sex cohort may
explain the lower ACTH-cortisol:DHEAS in these groups. Dysregula-
tion of the HPAA in Black men further correlated with myocardial
ischemia and volume loading due to higher metabolic demands.
Double product increases, as a defense response to alleviate perfusion
deficits, potentiated future ischemic heart disease risk.
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