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The relationship between cortisol, C-reactive protein
and hypertension in African and Causcasian women:

the POWIRS study

CLAIRE M TOLMAY, LEONE MALAN, JOHANNES M VAN ROOYEN

Research on the roles that C-reactive protein (CRP) and
other risk factors such as cortisol and obesity play in the
diagnosis of cardiovascular disease (CVD) in African and
Caucasian women has become increasingly imperative when
one considers the prevalence of hypertension in these groups.
CRP and cortisol have been associated with an increased
prevalence of hypertension and obesity. Cortisol has also
been linked with both hypertension and the hypothalamic—
pituitary—adrenal (HPA) response. African women have
previously presented with an increased vascular reactivity.
Conversely, Caucasian women have displayed an increased
central cardiac reactivity. We included African (» = 102) and
Caucasian (n = 115) women in the study, matched for age
and body mass index. Elevated CRP levels were observed in
African women compared to Caucasian women. A trend of
hypocortisolism was exhibited in both hypertensive ethnic
groups. Systolic blood pressure (SBP) and a vascular marker,
arterial compliance (Cw), predicted hypertension in African
women. Conversely, in Caucasian women, only SBP predicted
hypertension. These results suggest the apparently diverse
roles that dysregulation by the HPA axis, in conjunction
with the respective cardiac and vascular responses in both
Caucasian and African women, can play in future cardiovas-
cular risk for these groups.
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Several studies in southern Africa have explored the relationship
between C-reactive protein (CRP), cortisol and the prevalence of
hypertension, and cardiovascular, anthropometric and other risk
factors in the development of cardiovascular disease (CVD)."”
These factors include the influence of urbanisation in different
ethnic groups.>” Urbanisation has been shown to play a signifi-
cant role in increasing cardiovascular reactivity in Africans when
compared to other ethnic groups.>** These studies have also
demonstrated a correspondingly higher prevalence of hyperten-
sion in this group compared to Caucasians, Indians and those of
mixed origin.>3*

African women have previously been shown to have signifi-
cantly higher high-sensitivity C-reactive protein (hs-CRP) and
blood pressure (BP) levels compared to their Caucasian coun-
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terparts. However, no cardiovascular parameters could explain
the variation in levels of this inflammatory marker.® Caucasian
women, however, did show strong significant correlations
between CRP, Windkessel compliance (Cw) and total peripheral
resistance (TPR).® Nevertheless these correlations became non-
significant and weak after adjustments were made for age, body
mass index (BMI) and waist circumference (WC).*

Recently, Hamer and Malan® have revealed that urban Africans
had higher BP and hypertension (HT) rates in conjunction with
higher arterial resistance and lower cardiac output compared to
their rural counterparts. The exact mechanism of the increased
prevalence of hypertension in this ethnic group is still unknown
but great strides have been made in the determination of other
possible risk factors such as psychosocial stress and coping
responses."®” Hypocortisolism, in conjunction with urbanisa-
tion, has been proposed as a possible contributing factor to the
increased incidence of hypertension in African women,* however
further studies need be conducted in order to assess what role
this observation plays in association with other risk factors for
CVD in this ethnic group.

Several studies have shown that acute or chronic stress may
lead to dysregulation of the hypothalamic—pituitary—adrenal
(HPA) axis, which in turn is mediated by certain inflamma-
tory markers such as CRP and other stress hormones, including
cortisol.*'" Free fatty acids, which are released from increased
visceral or abdominal adipose tissue, also play a role in heighten-
ing levels of CRP.""* Elevated levels of cortisol are also linked
to increased adiposity and subsequently increased inflammation,
which consequently leads to increased risk for cardiovascu-
lar disease."™!" Moreover, this link is further supported by the
decrease in inflammatory mediators in individuals where weight
loss was demonstrated."

It is important to note, however, that although several of these
studies have explored in detail the relationships between cortisol,
CRP and vascular responses, and the prevalence of hyperten-
sion, and that although guidelines have been set for other ethnic
groups,” the investigation of African and Caucasian women from
South Africa has been limited. It is therefore imperative that the
relationship between cortisol, CRP and vascular responses, and
the prevalence of hypertension be explored further in the ethnic
groups of South Africa in order to fully substantiate and assess
possible risk for CVD.

Methods

The POWIRS (Profiles of Obese Women with Insulin Resistance
Syndrome) study comprised two cross-sectional studies, of
which the first was performed on 102 urban African women.
This study was then repeated on a group of 115 Caucasian
women. The two groups were matched on the basis of age and
BMI. Attempts were made to choose African women of a higher
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socio-economic status (living area, household composition,
income and educational level).” These women were recruited
from among the employees of a government institution. The
dietician in this institution recruited the subjects while taking the
initial study design into account.

An attempt was made to include Caucasian women from
the same institution, but since only a very small percentage of
women employed by the institution were Caucasian, we had
to include women from other institutions as well. The research
nurse who was involved in the second phase of the study
recruited the Caucasian women, based on the characteristics of
the African women, namely, for each urban African woman who
was, for example, 30 years of age, with a BMI of 25 kg/m?* and
employed, a similar Caucasian woman with these characteristics
was sought.

All participants lived in the Potchefstroom district, South
Africa. Exclusion criteria were pregnancy, lactation, diabetes
mellitus or an oral temperature above 37°C. CRP readings were
only available for 101 African subjects.

Following the introduction of the subjects to the experimen-
tal set up and an explanation of the procedures used, they each
signed an informed consent form. The Ethics Committee of the
North-West University approved the study, and all procedures
followed were in accordance with institutional guidelines. Each
subject received a participant sheet that guided her through the
different research stations, and was signed at each station.

All anthropometric measurements (except height and weight
measurements) were taken during the course of the evening,
after which all participants received an identical supper at
20:00, which excluded alcohol or caffeine. All subjects were
asleep before 23:00 and fasted overnight. At 6:00 the follow-
ing morning, weight, height and blood pressure measurements
were obtained, followed by blood sampling at 08:00. They then
received breakfast and personal information sheets regarding
their own blood pressure, blood glucose levels, etc, and indicat-
ing where further testing and/or treatment were necessary. All
subjects were given a small financial compensation and were
transported back to their places of work.

All data were collected from the African subjects during
March and April 2003, and the samples were assayed during
August 2003. Data collection on the Caucasian subjects was
done during August 2004 and the assays were completed during
October 2004.

Height (stature), weight and waist circumference of the
subjects were measured by a qualified anthropometrist with
calibrated instruments using standard methods (Precision Health
scale, A & D Company, Japan; Invicta Stadiometer, IP 1465,
UK; Holtain unstretchable metal tape; John Bull callipers). All
measurements were standardised and taken in triplicate.

A seven-minute resting continuous measurement of cardio-
vascular parameters was taken while in the supine position using
the Finometer device (Finapres Medical Systems®, Amsterdam,
Netherlands). The Beatscope® version 1.1 software further
calculated an integrated age-dependent aortic flow curve from
the surface area beneath the pressure/volume curve, determin-
ing each subject’s heart rate (HR), systolic (SBP) and diastolic
(DBP) blood pressure, stroke volume (SV), cardiac output (CO),
total peripheral resistance (TPR) and arterial compliance (Cw)
of the small and large arteries (Finapres Medical Systems®,
Amsterdam, Netherlands). Duplicate blood pressure readings

were taken using a single-headed stethoscope and a mercury
sphygmomanometer (model ALPK2) both before and after the
Finometer measurements. The first and fifth Korotkoff phases
were recorded as the SBP and DBP, respectively.

hs-CRP levels were determined using blood serum samples
that were analysed with a high-sensitivity C-reactive protein
kit from Immage® Immunochemistry Systems (Cat no. 474630,
Beckham Coulter, Inc). Serum cortisol was measured with 1
RIA Coat-a-count kit (Diagnostic Products Corporation, Cat no.
TKCO1). The intra- and inter-assay coefficients of variation for
cortisol were, respectively, 7.7 and 9.8%.

Statistical analyses

Data were analysed using the software computer package
STATISTICA 9.0. Departure from normality was evaluated
through Shapiro-Wilk’s analyses and hs-CRP and cortisol were
log transformed. All data was corrected for age, smoking and
alcohol consumption. Independent #-tests were performed to
compare the two ethnic groups in terms of age, anthropometric,
cardiovascular and biochemical variables. Partial correlations
were performed to determine the correlations of both CRP and
cortisol with various anthropometric and cardiovascular varia-
bles, while adjusting for age, smoking and alcohol consumption.

The subjects of each ethnic group were stratified into
normotensive (NT) and hypertensive (HT) groups according to
WHO recommendations to determine their hypertensive status."”
Significant differences in each ethnic group were determined
by ANCOVA analyses for both cardiovascular and anthropo-
metric variables, while adjusting for age, smoking and alcohol
consumption. Stepwise forward regression analyses were used in
each ethnic group to predict the relationship between cardiovas-
cular and anthropometric variables and hypertension.

Results

Table 1 represents the cardiovascular and anthropometric char-
acteristics of the African and Caucasian women. Waist circum-
ference was the only anthropometric variable that exhibited
significantly higher values in Caucasian women compared to
African women. Conversely, SBP and the vascular markers
TPR and DBP were increased in African women compared
to their Caucasian counterparts. In the Caucasian women the
cardiac markers CO and SV, and cortisol values were increased
compared to African women. Both ethnic groups exhibited
elevated CRP levels (> 3.0 mg/l).

Table 2 represents the overall mean characteristics of the
normotensive/hypertensive Caucasian and African women
subjects after adjusting for age, smoking and alcohol usage.
There was an overall trend of a significant increase in mean
values of WC and BMI in the African women once the hyperten-
sive range (> 140/90 mmHg) was approached.

In Fig. 1, increased vascular responses (increased TPR and
decreased Cw) were demonstrated in African women compared
to Caucasian women. The central cardiac pattern (increased SV
and CO) seen in Fig. 2 showed a propensity to significantly
increase (p < 0.05) from normotensive to hypertensive values in
Caucasian women.

In Table 3, hypertensive African women exhibited significant
positive associations between log CRP and both WC and BMI.
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TABLE 1. DESCRIPTIVE STATISTICS OF CARDIOVASCULAR
AND ANTHROPOMETRIC VARIABLES BETWEEN
AFRICAN AND CAUCASIAN WOMEN

African women
mean (95 % CI)

Caucasian women
mean (95% CI)

n=102 n=115
Age 31.12(29.43; 32.81) 30.98 (29.17; 32.79)
WC (cm) 81.62(79.02; 84.22) 85.98 (83.18; 88.76)"
BMI (kg/m?) 27.98 (26.74; 29.23) 28.51 (27.16; 29.85)
SBP (mmHg) 129.82 (125.97; 133.66)°  125.24 (123.03; 127.45)
DBP (mmHg) 77.68 (75.58; 79.78)¢ 72.30 (70.61; 73.99)
CO (I/min) 5.72 (5.49; 5.95) 7.09 (6.73; 7.45)"
SV (ml) 84.67 (81.84; 87.51) 97.94 (93.14; 102.74)
TPR (mmHg/s/ml) 1.10 (1.04; 1.15)" 0.84 (0.80; 0.83)"
Cw (ml/mmHg) 1.85(1.79; 1.91) 2.29(2.21;2.36)¢

hs-CRP (mg/l) 5.54 (3.19; 7.88) 3.29 (2.57;4.01)
Cortisol (nmol/ml)  455.74 (402.37; 509.11)"  604.90 (545.23; 664.56)"

CI, confidence interval; WC, waist circumference; BMI, body mass index;
SBP, systolic blood pressure; DBP, diastolic blood pressure; CO, cardiac
output; SV, stroke volume; TPR, total peripheral resistance; Cw, Windkes-
sel compliance; hs-CRP, high-sensitivity C-reactive protein.

All data were adjusted for age, smoking and alcohol consumption and
tested at a 95% confidence interval.

Significant differences (p < 0.05) between variables in the groups are
indicated with the same superscript letters.

Caucasian hypertensive women showed significant correlations
of log CRP with both SV and Cw (Table 3). Conversely, hyper-
tensive African women showed highly significant correlations
of log CRP with all cardiovascular variables (excluding DBP)
(Table 3).

In Table 4, the hypertensive Caucasian women showed posi-
tive associations between log cortisol and the vascular markers
Cw and DBP. On the other hand, hypertensive African women
only exhibited positive associations between log cortisol and
TPR and SBP.

Stepwise forward regression analyses (Table 5) revealed that
the cardiac (SBP and SV) and vascular markers (Cw) predicted
hypertension in African women. In Caucasian women, only SBP
predicted hypertension.

Discussion

The aim of this study was to investigate the contribution of
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Fig. 1. Resting mean (+ SD) vascular responses of African
and Caucasian women between normotensive (BP <
140/90 mmHg) and hypertensive (BP > 140/90 mmHg)
groups. SD, standard deviation; BP, blood pressure; TPR,
total peripheral resistance (mmHg/s/ml); Cw, Windkessel
compliance (ml/mmHg); NT, normotensive; HT, hyperten-
sive. Values are adjusted for age, smoking and alcohol
consumption and tested at a 95% confidence interval.
Bars with the same superscript letter differ significantly.
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Fig. 2. Resting mean (+ SD) cardiac responses of African
and Caucasian women between normotensive (BP <
140/90 mmHg) and hypertensive (BP > 140/90 mmHg)
groups. SD, standard deviation; BP, blood pressure; CO,
cardiac output (I/min); SV, stroke volume (I); NT, normo-
tensive; HT, hypertensive. Values are corrected for age,
smoking and alcohol consumption and tested at a 95%
confidence interval. Bars with the same superscript letter
differ significantly.

TABLE 2. CARDIOVASCULAR AND ANTHROPOMETRIC VARIABLES BETWEEN NORMOTENSIVE
AND HYPERTENSIVE AFRICAN AND CAUCASIAN WOMEN

African women Caucasian women

Normotensive (NT) Hypertensive (HT)
n=3481 n=21

Normotensive (NT) Hypertensive (HT)
n=100 n=12

Age 30.02 (28.28; 31.77) 36 (31.49; 40.51) 30.76 (28.94; 32.59) 35.58 (29.15; 42.02)
BMI (kg/m?) 27.31 (25.96; 28.65)° 30.59 (27.51; 33.67) 27.94 (26.54; 29.34) 31.79 (26.54; 37.05)
WC (cm) 80.01 (77.17; 82.86)° 87.81 (81.83; 93.79) 84.54 (81.65; 87.42)" 94.60 (84.37; 104.83)"
SBP (mmHg) 122.93 (120.90; 124.96)" 156.37 (144.58; 168.15)! 122.05 (120.43; 123.67) 146.91 (138.81; 155.00)
DBP (mmHg) 74.34 (72.50; 76.18)¢ 90.58 (86.53; 94.64)¢ 70.89 (69.27; 72.51y 82.12 (75.12; 89.13)

hs-CRP (mg/l) 5.55 (2.64; 8.45) 5.50 (3.04; 7.95) 3.27 (2.45; 4.10) 3.50 (2.05; 4.95)
Cortisol (nmol/ml) 462.24 (397.84; 526.63) 430.68 (348.22; 513.15) 610.29 (545.70; 674.88) 534.87 (318.67; 751.07)

ClI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; WC, waist circumference; BMI, body mass index; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure. All data were adjusted for age, smoking and alcohol consumption and tested at a 95% confidence interval.
Significant differences (p < 0.05) between variables in the groups are indicated with the same superscript letters.
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African women

TABLE 3. SIGNIFICANT ASSOCIATIONS BETWEEN CARDIOVASCULAR AND ANTHROPOMETRIC VARIABLES AND
HIGH-SENSITIVITY LOG CRP IN NORMOTENSIVE AND HYPERTENSIVE AFRICAN AND CAUCASIAN WOMEN

Caucasian women

Log CRP: normotensive

Log CRP: hypertensive

Log CRP: normotensive Log CRP: hypertensive

r p r

WC (cm) 0.46 0.00 0.69
BMI (kg/m?) 0.37 0.02 0.80
CO (I/min) 0.28 0.18 0.66
SV (ml) 0.19 0.56 0.73
TPR (mmHg/s/ml) 0.28 0.17 0.74
Cw (ml/mmHg) 0.24 0.34 0.85
SBP (mmHg) 0.31 0.10 0.79
DBP (mmHg) 0.16 0.73 0.64

CRP, C-reactive protein; WC, waist circumference; BMI, body mass index; CO, cardiac output; SV, stroke volume; TPR, total peripheral resis-
tance; Cw, Windkessel compliance; SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation. All data were adjusted for
age, smoking and alcohol consumption and tested at a 95% confidence interval. Significant differences (p < 0.05) are highlighted in bold. Signifi-
cant differences (p < 0.05) between variables in the groups are indicated with the same superscript letters.

p r p r p

0.03 0.39 0.01 0.53 0.45
0.00 043 0.00 0.52 0.48
0.04 0.29 0.15 0.52 0.47
0.01 021 0.47 0.84 0.01
0.01 0.31 0.09 0.59 0.33
0.00 0.18 0.63 0.83 0.01
0.00 0.81 0.97 0.53 0.47
0.06 0.14 0.84 0.62 0.26

CRP, cortisol and hypertension to the increased likelihood of
cardiovascular disease in both African and Caucasian women
from South Africa. This study is relevant in that it describes the
relationship between various cardiovascular risk markers and
hypertension in two ethnic groups, which, as far as we have
ascertained, have been neglected.

Hypertensive Caucasian women exhibited an increased central
cardiac activity, as demonstrated by the increased CO (Table 2,
Fig. 2). There was also a significant difference between normo-
tensive and hypertensive SBP and DBP values, respectively, for
Caucasian women (Table 2). These observations, in conjunction
with the decreased cortisol levels in the hypertensive group,
suggest increased sympathetic reactivity with an accompanying
hypocortisolism. This corresponds with recent studies,*'*'* where

it was found that hypocortisolism has in some cases been related
to hypertension.

Hypertensive African women, conversely, showed increased
vascular reactivity (Table 2, Fig. 1). Cw significantly decreased
in this group, with a corresponding significant increase in TPR.
Hypocortisolism was also exhibited in the hypertensive African
women (Table 2). This possibly suggests an over-stimulated
HPA axis, leading to hypertension in association with hypo-
cortisolism.*!*'*

Urbanisation has previously been shown to be a psychosocial
stressor that contributes to increased cardiovascular reactivity
and hence, hypertensiveness."* Since the African women in this
study were urbanised, one could hypothesise that this could
be a possible explanation for these results.'® Specifically, the

African women

TABLE 4. SIGNIFICANT ASSOCIATIONS BETWEEN CARDIOVASCULAR AND ANTHROPOMETRIC VARIABLES AND LOG
CORTISOL IN NORMOTENSIVE AND HYPERTENSIVE AFRICAN AND CAUCASIAN WOMEN

Caucasian women

Log cortisol: normotensive

Log cortisol: hypertensive

Log cortisol: normotensive  Log cortisol: hypertensive

r p r

WC (cm) 0.46 0.00 0.23
BMI (kg/m?) 0.35 0.04 0.28
TPR (mmHg/s/ml) 0.28 0.18 0.66
Cw (ml/mmHg) 0.23 0.36 0.82
SBP (mmHg) 0.24 0.36 0.73
DBP (mmHg) 0.14 0.84 0.62

CRP, C-reactive protein, WC, waist circumference; BMI, body mass index; CO, cardiac output; SV, stroke volume; TPR, total peripheral resis-
tance; Cw, Windkessel compliance; SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation. All data were adjusted for
age, smoking and alcohol consumption and tested at a 95% confidence interval. Significant differences (p < 0.05) are highlighted in bold. Signifi-
cant differences (p < 0.05) between variables in the groups are indicated with the same superscript letters.

p r p r p

0.93 0.38 0.02 0.53 0.46
0.84 0.41 0.00 0.52 0.48
0.048 0.32 0.09 0.59 0.32
0.00 0.18 0.66 0.81 0.02
0.01 0.16 0.72 0.64 0.22
0.09 0.18 0.65 0.80 0.03

Caucasian women

TABLE 5. STEPWISE FORWARD REGRESSION ANALYSES OF CARDIOVASCULAR AND ANTHROPOMETRIC
VARIABLES PREDICTING HYPERTENSION IN CAUCASIAN AND BLACK WOMEN

African women

Adjusted R? B (= SE) p-value Adjusted R? B« SE) p-value
SBP 0.81 0.69 (0.11) 0.00 0.99 1.58 (0.13) 0.00
SV 0.84 0.59 (0.12) 0.39 0.94 0.15(0.11) 0.02
Cw 0.79 —0.96 (0.01) 0.14 0.97 —0.18 (0.10) 0.03

f denotes standardised regression coefficient and F to enter model, 2.5. Analyses adjusted for age, BMI, WC, CO, TPR, log CRP and log cortisol.
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increased vascular reactivity in the hypertensive African women
corresponds to previous studies that found an increased relative
risk for hypertension in both Africans and African-Americans
compared to other ethnic groups, due to increased measure-
ments of cardiovascular reactivity when a specific stressor was
applied'2,3,5.19-23

CRP was significantly correlated with WC and BMI in the
hypertensive African women. However, this observation did not
apply to the Caucasian women (Table 3). These observations
agree with previous studies, where it was shown that CRP had
its strongest correlations with BMI and WC,*** and that these
correlations were most noticeable among African-American and
African women.™”’

Mean values of BMI and WC in hypertensive African women
also significantly increased (Table 2). This increase in mean
body fat indicators could possibly explain the high correlations
with CRP when one considers the relationship between IL-6 and
CRP concentrations. IL-6 is expressed in adipose tissue and this
inflammatory marker in turn stimulates the production of CRP
in the liver.*** In addition, IL-6 has been shown to increase with
increasing adiposity in healthy men and women, with higher
amounts being expressed in visceral fat depots compared to
subcutaneous fat depots.'>** This mechanism could possibly
explain the observed higher correlation with WC compared to
BMI in African women, as BMI represents overall adiposity
whereas WC represents abdominal adiposity.

This could possibly be attributed to the observation that
the normotensive Caucasian and African women had already
exhibited elevated mean values of both BMI and WC (Table
2) before reaching hypertensive status. These individuals could
already have been exhibiting reactivity of the HPA axis™'*** to
the elevated adiposity, and therefore a significant correlation to
both CRP and cortisol was seen. Since the duration of obesity
was unknown, the loss of these correlations in the hypertensive
groups could possibly be attributed to dysregulation of the HPA
axis,*!*!* which was further supported by the observed hypocor-
tisolism (Table 2).

CRP was associated with all cardiovascular variables in the
hypertensive African women. However, the highest correlations
were exhibited with the peripheral vascular reactivity indica-
tors, TPR and Cw (Table 3). Once again, these observations, in
conjunction with the significant differences between the mean
values of these indices (Table 2), suggest a complementary
peripheral cardiovascular reactivity accompanying an increase in
blood pressure in African women.

This, together with the significant associations with CRP
in this group, is congruous with previous studies where CRP
was reported to be associated with hypertensive blood pres-
sure values, with greater associations occurring among women
and black ethnic groups.®*3*# In addition, increases in blood
pressure in obese African-American women have previously
been demonstrated, with a greater indexed peripheral resistance,
taking into account body surface area and not BMI (compared
to Caucasians).”"** Moreover, CRP levels have previously corre-
sponded to an increased likelihood of peripheral arterial disease
in United States adults, independent of smoking, WC, BMI,
hypertension and other confounders.*

It can therefore be deduced that in African women, the high
correlations between CRP and the peripheral cardiovascular vari-
ables TPR and Cw suggest a greater risk for the development

of hypertension and consequently the development of cardio-
vascular disease. In addition to these observations, the overall
mean values of CRP were higher in Africans compared with
Caucasians (Table 1). However, both ethnic groups demonstrated
CRP levels that fell within the high-risk group for CVD (> 3.0
mg/l).* Caucasian women displayed a significant correlation
between CRP and both SV (= 0.84; p =0.01) and Cw (r = 0.83;
p =0.01) (Table 3).

Previous studies have found that increased CRP levels have
been associated with decreased nitric oxide production.”*
Inhibition of nitric oxide in turn leads to increased a-adrenergic
effects, including increased vasoconstriction and sympathetic
activity. We suggest that the inhibition of nitric oxide produc-
tion could possibly explain the decrease in Cw and the signifi-
cant increases in CO and SV values (Table 2), in conjunction
with the high correlations of CRP with SV and Cw (Table 3).
Therefore the increased CRP in Caucasian women could feasi-
bly cause endothelial dysfunction, which in turn could lead to
hypertension and subsequent cardiovascular dysfunction. Both
Caucasian and African women therefore exhibited possible risk
markers for future cardiovascular disease.

Cortisol correlated significantly with both Cw and TPR in
the hypertensive African women, whereas in the Caucasian
women there was a significant correlation with only Cw (Table
4). Decreased cortisol levels were also exhibited in both hyper-
tensive ethnic groups (Table 2). This could be indicative of hypo-
cortisolism, which has previously been displayed in hypertension,
particularly in African women.*'*'"® Suggestions have been made
that this could be attributed to dysregulation of the HPA axis,
which in turn is mediated by certain inflammatory markers such
as CRP." Therefore the high correlation between Cw and TPR in
these ethnic groups could still be attributed to the initial effects
of increased cortisol production by the HPA axis in response to
stress. This in turn could further support the significant increase
in the cardiac markers CO and SV in the hypertensive Caucasian
women (Table 2), and the significant increase in means of TPR
and Cw in the hypertensive African women (Table 2).

A possible mechanism for this could be the permissive effect
of norepinephrine release by cortisol stimulation and subsequent
B-adrenergic responses.” In the hypertensive African women,
SBP and the vascular marker Cw predicted hypertension (Table
5), suggesting possible dysregulation of the HPA axis in conjunc-
tion with norepinephrine release by cortisol stimulation in this
group.*'*!*154 Therefore in the hypertensive African women,
dysregulation of the HPA axis is the most likely explanation.
However, in the hypertensive Caucasian women, these observa-
tions were not reiterated.

A limitation of this study could be the duration of obesity in
the participants, which could have influenced the habituation/
adaptation of physiological resources. Furthermore, one needs
to consider that hs-CRP is a non-specific marker for inflamma-
tion and although the participants in this study were apparently
healthy, the higher hs-CRP levels could possibly be explained by
other unknown inflammatory conditions.” Additionally, the time
difference in data collection could have influenced the results,
although temperatures were similar for both collection periods
(autumn and spring). The significance of this study could have
been further substantiated if more data were obtained regard-
ing duration of stay in an urban area. Additionally, the use of
hormone replacement therapy or oral contraceptives should have
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been ascertained, as these could have affected the CRP values in
this study.

Conclusion

Both African and Caucasian women displayed possible dysregu-
lation of the HPA axis, which could explain the hypertension in
these groups. The roles of CRP and cortisol remain uncertain
in these groups. However, in the Caucasian women, cortisol
presented a higher likelihood of contribution towards hyperten-
sion than in the African women, whereas in the hypertensive
African women, CRP seemed to play a larger role (Tables 3, 4).
Future studies should include further examination of the role of
dysregulation of the HPA axis in these groups and the possible
mechanisms of action regarding the incidence of hypertension
considering these effects.
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project: the National Research Foundation (GUN 2054068), the Medical
Research Council and the Research Focus Area 9.1 of the North-West
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References
1.

—_

—

—_

1.

2.

S.

Meyburgh D, Malan L, Van Rooyen JM, Potgieter JC. Cardiovascular,
cortisol and coping responses in urban Africans: The SAPBA study.
Cardiovasc J Afr 2012; 23(1): 29-34.

Gerin W, Pickering TG, Glynn L, Christenfeld N, Schwartz A, Carroll
D, et al. An historical context for behavioral models of hypertension. J
Psychosom Res 2000; 48: 369-377.

Hinderliter AL, Blumenthal JA, Waugh R, Chilukuri M, Sherwood A.
Ethnic differences in left ventricular structure: relations to hemody-
namics and diurnal blood pressure variation. Am J Hypertens 2004;
17: 43-49.

Huisman HW, van Rooyen JM, Malan NT, Eloff FC, Malan L,
Laubscher PJ, et al. Prolactin, testosterone and cortisol as possible
markers of changes in cardiovascular function associated with urbaniza-
tion. J Hum Hypertens 2002; 16: 829-835.

Seedat YK. Perspectives on research in hypertension. Cardiovasc J Afr
2009; 20(1): 39-42.

Hamer M, Malan L. Psychophysiological risk markers of cardiovas-
cular disease. In: Psychophysiological Biomarkers of Health. Special
Edition: Neurosc Biobehav Rev 2010; 35: 76-83.

Schutte AE, Huisman HW, van Rooyen JM, Schutte R, Malan L,
Reimann M, et al. Should obesity be blamed for the high prevalence
rates of hypertension in black South African women? J Hum Hypertens
2008; 22: 528-536.

Bjorntorp P, Rosmond R. Obesity and cortisol. Nutrition 2000; 16(10):
924-936.

Rosmond R. Role of stress in the pathogenesis of the metabolic
syndrome. Psychoneuroendocrinology 2005; 30: 1-10.

Kopp MS, Réthelyi J. Where psychology meets physiology: chronic
stress and premature mortality — the Central-Eastern European health
paradox. Brain Res Bull 2004; 62: 351-367.

Black PH. The inflammatory response is an integral part of the stress
response: Implications for atherosclerosis, insulin resistance, type II
diabetes and metabolic syndrome X. Brain Behav Immun 2003; 17:
350-364.

Misra A, Vikram NK. Clinical and pathophysiological consequences
of abdominal adiposity and abdominal adipose tissue depots. Nutrition
2003; 19: 457-466.

Frithbeck G, Salvador J. Role of adipocytokines in metabolism and
disease. Nutr Res 2004; 24: 803—826.

Ahima RS, Flier JS. Adipose tissue as an endocrine organ. Transmis
Electron Microsc 2000; 11(8): 327-332.

Black PH. The inflammatory consequences of psychologic stress:

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Relationship to insulin resistance, obesity, atherosclerosis and diabetes
mellitus, type II. Med Hypotheses 2006; 67: 879—-891.

Schutte AE, Kruger HS, Wissing MP, Underhay C, Vorster HH. The
emergence of the metabolic syndrome in urban obese African women:
The POWIRS study. S Afi- J Sci 2005; 101: 61-67.

World Health Organization. Obesity: Preventing and managing the
global epidemic. Report of a WHO consultation on obesity, June 3-5,
1997, Geneva, Switzerland. World Health Organisation: Geneva, 1997.
International Society of Hypertension (ISH) statement on management
of hypertension. J Hypertens 2003; 21: 1983-1992.

Hellhammer DH, Wiist S, Kudielka BM. Salivary cortisol as biomarker
in stress research. Psychoneuroendocrinology 2009; 34: 163-171.
Malan NT, Van der Merwe JS, Huisman HW, Kruger A, Eloff FC,
Pretorius PJ, ef al. A comparison of cardiovascular reactivity of rural
blacks, urban blacks and whites. Stress Med 1992; 8: 1-6.

Gerin W, Pickering TG, Glynn L, Christenfeld N, Schwartz A, Carroll
D et al. An historical context for behavioral models of hypertension. J
Psychosom Res 2000; 48: 369-377.

Suarez EC, Saab PG, Llabre MM, Kuhn CM, Zimmerman E. Ethnicity,
gender, and age effects on adrenoreceptors and physiological responses
to emotional stress. Psychophysiology 2004; 41: 450-460.

Knox SS, Hausdorff J, Markovitz JH. Reactivity as a predictor of
subsequent blood pressure. Racial differences in the coronary artery
risk development in young adults (CARDIA) study. Hypertension
2002; 40: 914.

Liao Y, Tucker P, Okoro CA, Giles WH, Mokdad AH, Harris VB.
REACH 2010, Surveillance for health status in minority communi-
ties — United States, 2001-2002. MMWR. Surveillance summaries:
Morbidity and mortality weekly report. Surveillance summaries 2004;
53(6): 1-36.

Rexrode KM, Pradhan A, Manson JE, Buring JE, Ridker PM.
Relationship of total and abdominal adiposity with CRP and IL-6 in
women. Ann Epidemiol 2003; 13(10): 674-682.

Vikram NK, Misra A, Dwivedi M, Sharma R, Pandey RM, Luthra K,
et al. Correlations of C-reactive protein levels with anthropometric
profile, percentage of body fat and lipids in healthy adolescents and
young adults in urban North India. Atherosclerosis 2003; 168: 305-313.
Lear SA, Chen MM, Birmingham CL, Frohlich JJ. The relationship
between simple anthropometric indices and C-reactive protein: ethnic
and gender differences. Metabolism 2003; 52(12): 1542—-1546.

Albert MA, Glynn RJ, Buring J, Ridker PM. C-reactive protein levels
among women of various ethnic groups living in the United States (from
the Women’s Health Study). Am J Cardiol 2004; 93(10): 1238—1242.
Libby P, Ridker PM. Inflammation and atherosclerosis: Role of
C-reactive protein in risk assessment. Am J Med 2004; 116(6A):
9S-16S.

Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V. Inflammation,
obesity, stress and coronary heart disease: is interleukin-6 the link?
Atherosclerosis 2000; 148: 209-214.

al’ Absi M, Arnett DK. Adrenocorticol responses to psychological stress
and risk for hypertension. Biomed Pharmacother 2000; 54: 234-244.
Whitworth JA, Brown MA, Kelly JJ, Williamson PM. Mechanisms of
cortisol-induced hypertension in humans. Steroids 1995; 60: 76-80.
Malan NT, Brits JS, Eloff FC, Huisman HW, Kruger A, Laubscher PJ, et
al. The influence of acculturation on endocrine reactivity during acute
stress in urban black males. Stress Med 1996; 12: 55-63.

Kullo 1J, McConnell JP, Bailey KR, Kardia SL, Bielak LF, Peyser PA,
et al. Relation of C-reactive protein and fibrinogen to coronary artery
calcium in subjects with systemic hypertension. 4m J Cardiol 2003;
92: 56-58.

Srikumar N, Hopkins PN, Jeunemaitre X, Hunt SC, Williams GH.
Inflammatory marker C-reactive protein in hypertensive subjects. Am J
Hypertens 2002; 15(4): 227A.

Sesso HD, Buring JE, Rifai N, Blake GJ, Gaziano JM, Ridker RM.
C-reactive protein and the risk of developing hypertension. J 4m Med
Assoc 2003; 290: 2945-2951.

de Ferranti S, Rifai N. C-reactive protein and cardiovascular disease:
a review of risk prediction and interventions. Clin Chim Acta 2002;
317: 1-15.



38.

39.

40.

41.

42.

43.

CARDIOVASCULAR JOURNAL OF AFRICA - Vol 23, No 2, March 2012

Sung KC, Suh JY, Kim BS, Kang JH, Kim H, Lee MH, et al. High
sensitivity C-reactive protein as an independent risk factor for essential
hypertension. Am J Hypertens 2003; 16: 429-433.

Schillaci G, Pirro M, Gemelli F, Pasqualini L, Vaudo G, Marchesi S,
et al. Systolic and pulse pressure as major culprits of increased plasma
C-reactive protein levels in patients with newly diagnosed hypertension.
Am J Hypertens 2003; 16(5): 258A.

Saito M, Ishimitsu T, Minami J, Ono H, Ohrui M, Matsuoka H.
Relations of plasma high-sensitivity C-reactive protein to traditional
cardiovascular risk factors. Atherosclerosis 2003; 167: 73-79.
Williams MJA, Williams SM, Milne BJ, Hancox RJ, Poulton R.
Association between C-reactive protein, metabolic cardiovascular risk
factors, obesity and oral contraceptive use in young adults. /nt J Obes
2004; 28: 998-1003.

de Maat MP, Kluft C. Determinants of C-reactive protein concentration
in blood. Ital Heart J 2001; 2(3): 189-195.

Kraus VB, Stabler TV, Luta G, Renner JB, Dragomir AD, Jordan JM.

44,

45.

46.

47.

Interpretation of serum C-reactive protein (CRP) levels for cardiovas-
cular disease risk is complicated by race, pulmonary disease, body
mass index, gender, osteoarthritis. Osteoarthritis Cartilage 2007, 15:
966-971.

Hinderliter AL, Blumenthal JA, Waugh R, Chilukuri M, Sherwood A.
Ethnic differences in left ventricular structure: relations to hemody-
namics and diurnal blood pressure variation. 4m J Hypertens 2004;
17: 43-49.

Shankar A, Li J, Nieto J, Klein BEK, Klein R. Association between
C-reactive protein level and peripheral arterial disease among US adults
without cardiovascular disease, diabetes, or hypertension. Am Heart J
2007; 154: 495-501.

Labarrere CA, Zaloga GP. C-reactive protein: From innocent bystander
to pivotal mediator of atherosclerosis. Am J Med 2004; 117(7):
499-507.

Opie, L.H. Heart Physiology — From Cell to Circulation, 4th edn, USA:
Lippincott Williams & Wilkins, 2004: 421.

1** ANNUAL CONGRESS OF THE FACULTY OF
CONSULTING PHYSICIANS OF SOUTH AFRICA

CAPE TOWN INTERNA'I:IO[\IAI__ »C-ONV.ENTION CENTRE
www.physician.co.za




	OFC
	IFC
	CVJA 23.2
	IBC
	OBC



