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The association of waist circumference with ambulatory
blood pressure is independent of alternative adiposity indices
Olebogeng H.I. Majanea, Gavin R. Nortona, Muzi J. Masekoa, Siyanda Makaulaa,
Nigel Crowtherb, Janice Paikerb, Lutgarde Thijsc, Richard Brooksbanka,
Pinhas Sarelia, Jan A. Staessenc and Angela J. Woodiwissa
Aim The relationship between waist circumference (WC)

and conventional blood pressure (BP) is independent of

other clinical indices of adiposity. As ambulatory BP may

offer more prognostic information than conventional BP, we

aimed to identify whether indices of central adiposity are

associated with ambulatory BP independent of other

indices of adiposity.

Methods The relationship between indices of adiposity

[WC, waist-to-hip ratio, body mass index (BMI) or skin-fold

thickness] and ambulatory or conventional BP was

determined in 300 randomly selected individuals of African

descent living in an urban developing community in South

Africa. Relationships were determined with multiple indices

of adiposity in the same regression model and after

adjusting for age, gender, alcohol and tobacco intake, the

presence or absence of diabetes mellitus or inappropriate

blood glucose control [haemoglobin A1c (HbA1c)],

antihypertensive therapy and menopausal status.

Results Sixty-five per cent of participants were overweight

or obese. With respect to the relationships between indices

of adiposity, BMI and WC showed the strongest correlation

(r U 0.84, P < 0.0001). After including all indices of adiposity

and confounders in the model, WC was the only clinical

index of adiposity which independently predicted 24-h

(partial r U 0.15, P < 0.005) and conventional (partial r U 0.14,

P < 0.005) systolic BP and 24-h (partial r U 0.13, P < 0.02)
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and conventional (partial r U 0.40, P < 0.0001) diastolic BP.

After adjusting for other adiposity indices and confounders,

every 1 SD (15 cm) increase in WC resulted in a 4.04 mmHg

increase in 24-h systolic BP and a 4.33 mmHg increase in

24-h diastolic BP. Similar results were obtained in the

subgroup of 237 participants not receiving antihypertensive

therapy.

Conclusion WC is the only clinical index of adiposity that is

associated with 24-h and conventional BP independent of

other adiposity indices in a community with a high

prevalence of obesity. J Hypertens 25:1798–1806 Q 2007

Lippincott Williams & Wilkins.
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Introduction
The prevalence of obesity is rapidly increasing in both

developed [1] and developing [2] countries. There is now

substantial evidence from large population-based studies

in favour of excess adiposity being a major determinant of

blood pressure (BP) and the development of hypertension

[3–5]. In this regard, present evidence suggests that waist

circumference (WC) appears to be the preferred clinical

index when relating adiposity to conventional BP [3–16];

however, to our knowledge studies that have compared the

relative impact of indices of central fat and body mass

index (BMI) on ambulatory BP have either recruited small

study samples, have been non-random, have focused on

waist-to-hip ratio rather than WC as the index of central fat,

and have produced ambiguous results [17–21]. As 24-h

ambulatory BP is a better index of cardiovascular outcomes
[22–25] and target organ effects [26] than conventional BP

values, the relative impact of indices of central and general

adiposity on ambulatory BP requires elucidation. In the

present study we assessed whether any one commonly

used clinical index of adiposity (WC, waist-to-hip ratio,

BMI and skin-fold thickness) predicts ambulatory BP

independent of the others. This study was conducted in

a randomly selected population sample, with a high preva-

lence of obesity, living in an urban developing community

in South Africa.

Methods
Study subjects
The protocol of the study was approved by the University

of the Witwatersrand Committee for Research in Human

Subjects (approval number: M02-04-72). Participants
rized reproduction of this article is prohibited.
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gave informed, written consent. This study was part of the

African Project on Genes in Hypertension. The population

sample has recently been described [27]. Since the initial

analysis, a larger study sample has been recruited. Briefly,

nuclear families were recruited if at least one or two

offspring of at least 16 years of age and one or both parents

were available for examination. Of 496 South African

individuals of African ancestry randomly recruited from

metropolitan areas of Johannesburg, 395 had all the

required clinical data. Of these, 300 had more than 20 h

of ambulatory BP recordings and more than 10 and

five readings for the computation of daytime and night-

time means, respectively.

Clinical, demographic and anthropometric
measurements
A standardized questionnaire was administered to obtain

demographic data and information on each participant’s

medical history, smoking habits, intake of alcohol, use of

medication, and menopausal status. Height and weight

were measured with the participants standing and wear-

ing indoor clothes with no shoes. BMI was calculated as

weight in kilograms divided by the square of height in

metres. Waist and hip circumference were measured

using a standard approach, and triceps and subscapular

skin-fold thickness determined using a skinfold calliper

(Harpenden skinfold calliper). Skin-fold thickness was

reported as the mean of triceps and subscapular values.

Subjects were identified as being overweight if their BMI

was �25 kg/m2 and obese if their BMI was �30 kg/m2.

Standard laboratory blood tests of renal function, liver

function and haematological parameters were performed

to ensure that subjects did not have subclinical renal,

hepatic or haematological disorders. Diabetes mellitus or

inappropriate blood glucose control was defined as the

use of insulin or oral hypoglycaemic agents, or a percent-

age glycated haemoglobin (HbA1c) (Roche Diagnostics,

Mannheim, Germany) >7% [28]. Follicular stimulating

hormone (Bayer, Leverkusen, Germany) was measured

to confirm menopausal status. To determine 24-h urine

Naþ excretion (an index of Naþ intake), timed urine

samples were obtained over a period of at least 24 h after

discarding urine excreted immediately prior to the start of

the collection period. Urine Naþ concentrations were

measured and 24-h urine Naþ excretion rate calculated

from the product of urine volume and urine Naþ concen-

tration. The quality of the urine samples was determined

as described previously [29,30].

Conventional blood pressure measurements
Trained observers measured brachial artery BP in a clinic

environment using a mercury sphygmomanometer. The

conventional BP measurement was obtained on the

same day as ambulatory BP monitors were initialized.

The participants were seated and asked to rest for

5 min. The observers measured the participants’ sitting

BP five consecutive times. Systolic and diastolic (phase V)
opyright © Lippincott Williams & Wilkins. Unauth
BP were determined to the nearest 2 mmHg, according to

the recommendations of the European Society of Hyper-

tension [31]. In most participants standard cuffs were used,

which had an inflatable bladder with a length of 22 cm and

a width of 12 cm. If arm circumference exceeded 31 cm,

larger cuffs with a 31� 15 cm bladder were employed. The

five readings obtained at each of the visits were averaged to

obtain a single systolic and diastolic BP value. Hyperten-

sion was defined as the use of antihypertensive medication

or if the mean of five conventional BP measurements was

�140/90 mmHg in those not receiving medication.

Ambulatory blood pressure measurements
Twenty-four-hour ambulatory BP monitoring was per-

formed using oscillometric monitors (SpaceLabs, model

90207; SpaceLabs, Redmond, Washington, USA). The

size of the cuff was the same as that used for conventional

BP measurements. The accuracy of ambulatory monitors

was checked monthly against a mercury manometer. If the

monitors recorded pressure values that deviated from a

mercury reading by more than 4 mmHg, monitors were

recalibrated by the commercial suppliers. The monitors

were programmed to measure BP at 15-min intervals from

0600 to 2200 h and then at 30-min intervals from 2200 to

0600 h. Participants kept a diary card for the duration of

the recordings to note the time of going to bed in the

evening and getting up in the morning. From each partici-

pant’s diary card data we determined the awake and asleep

periods. Considering the patterns of daily activities, the

daytime and night-time intervals were defined as time

intervals ranging from 0900 to 1900 h and from 2300 to

0500 h respectively. These fixed clock-time intervals

[32,33] were defined in order to eliminate the transition

periods (evening and morning) during which BP changes

rapidly in most subjects. Intra-individual means of the

ambulatory measurements were weighted by the time

interval between successive recordings [32,33]. Ambu-

latory BP data were expressed as 24-h, daytime and

night-time average systolic and diastolic BP. Daytime

and night-time periods were defined as described pre-

viously [32].

Data analysis
Database management and statistical analyses were per-

formed with SAS software, version 9.1 (SAS Institute

Inc., Cary, North Carolina, USA). Data from individual

subjects were averaged and expressed as mean�SD.

Proportions were compared withx2 analysis. Linear regres-

sion analysis was used to determine relationships. Step-

wise regression analysis was performed to determine

independent effects of indices of adiposity on BP.

Included in the regression model were age, gender, alcohol

and tobacco intake (defined as the presence or absence of

daily tobacco or alcohol ingestion), postmenopausal status

(confirmed with follicle stimulating hormone measure-

ments), the presence or absence of diabetes mellitus or

inappropriate blood glucose control (considered as a single
orized reproduction of this article is prohibited.
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covariate) and the use of antihypertensive therapy (either

receiving therapy or not receiving therapy). To identify

those indices of adiposity associated with BP independent

of other indices of adiposity, indices of adiposity were

considered together in the regression model. In addition to

including antihypertensive therapy as a covariate in the

regression analyses, sensitivity analyses were repeated in a

subgroup of subjects who were not receiving antihyper-

tensive therapy (n¼ 237).

Results
Characteristics of the participants
Table 1 gives the demographic and clinical characteristics

of the participants. More women than men participated

(Table 1). Sixty-five per cent of subjects were overweight

or obese, with 27.6% being overweight and 37.7% being

obese. In the group 42% were hypertensive, 20% were

receiving therapy for hypertension, and 8% had diabetes

mellitus (Table 1). A relatively small percentage of the

group were smokers (12%), mostly due to lack of afford-

ability and also due to the greater proportion of women

(who traditionally do not smoke in this population) com-

pared to men. Twenty-four-hour urine Naþ excretion rates

(an index of Naþ intake) despite being high, were

not associated with indices of obesity (r values: BMI¼
0.05; WC¼ 0.003; skin-fold thickness¼ 0.003; waist-to-

hip ratio¼ 0.11; P> 0.1 for all). The mean age (41.4�
17.9 years) and BMI (28.9� 7.3 kg/m2) and the percentage

of women (63%) in all individuals recruited was the same
opyright © Lippincott Williams & Wilkins. Unautho

Table 1 Demographic, anthropometric and clinical characteristics
of study subjects

All participants
Participants with
ambulatory BP

Sample number 395 300
% Female 63 63
Age (years) 41.8�18.1 43.0�17.9
Height (m) 161�9 161�9
Weight (kg) 75�19 75�19
BMI (kg/m2) 28.8�7.4 29.0�7.4
Waist circumference (cm) 89�15 89�15
Hip circumference (cm) 107�15 106�15
WHR 0.84�0.10 0.84�0.10
% Overweight/obese 65 66
Skin-fold thickness (cm)

Subscapular 2.41�1.37 2.47�1.36
Triceps 1.90�1.20 2.01�1.25
Mean 2.15�1.16 2.24�1.19

Urine Naþ excretion (mmol/day) 113.9�53.5 110.4�48.1
% smokers 12.2 12.7
% alcohola 21.2 22.3
% with hypertension 42.0 41.7
% treated for hypertension 20.3 21.0
% with DM 8.2 8.1
HbA1c (%) 6.02�1.07 6.04�1.07
n (%) postmenopausal 98 (39) 78 (41)
Clinic SBP/DBP (mm Hg) 130�23/84�12 131�23/84�12
Ambulatory BP (mmHg)

24 h SBP/DBP (mmHg) – 119�16/73�11
Daytime SBP/DBP (mmHg) – 123�16/78�11
Night-time SBP/DBP (mmHg) – 112�18/65�12

BMI, body mass index; BP, blood pressure; DBP, diastolic BP; DM, diabetes
mellitus; HbA1c, glycated haemoglobin; SBP, systolic BP; WHR, waist-to-hip ratio.
a Percentage of participants consuming alcohol on a daily basis.
as that for participants with all clinical data (Table 1). The

demographic and clinical characteristics of the participants

with ambulatory BP measurements that met prespecified

quality control criteria were similar to those of participants

with all clinical data (Table 1). In addition, although they

were younger (38.1� 16.5 years), fewer individuals had

hypertension (26.2%) and there were fewer postmenopau-

sal women (29%), the other demographic and clinical

characteristics in the subgroup of subjects not receiving

antihypertensive therapy (n¼ 237) did not differ from

those of either the participants with ambulatory BP meas-

urements or those with all clinical data (data not shown).

In the present study only 0.76% of visits had fewer than the

planned conventional BP recordings. The frequency of

identical consecutive conventional BP recordings was

0.25%. The occurrence of conventional BP values re-

corded as an odd number was 0% and of the 3936 systolic

and diastolic conventional BP readings, 27.8% ended on a

zero (expected¼ 20%). Average conventional systolic and

diastolic BP values were higher than average 24-h, daytime

or night-time systolic and diastolic BP values (Table 1).

Association between indices of adiposity
BMI and WC showed the strongest relationship. The

weakest relationship was noted between waist-to-hip

ratio and BMI. Furthermore, only a trend effect was

noted between waist-to-hip ratio and skin-fold thickness

(Table 2). Similar associations were evident in the sub-

group of participants who were not receiving antihyper-

tensive therapy (data not shown).

Unadjusted associations between indices of adiposity
and blood pressure
BMI, WC, waist-to-hip ratio and skin-fold thickness were

all correlated with conventional systolic BP (Fig. 1). BMI,

WC and waist-to-hip ratio, but not skin-fold thickness,

were correlated with 24-h systolic BP (Fig. 2). Significant

correlations between either BMI (r¼ 0.35, P< 0.0001),

WC (r¼ 0.41, P< 0.0001), waist-to-hip ratio (r¼ 0.27,

P< 0.0001) or skin-fold thickness (r¼ 0.25, P< 0.0001)

and conventional diastolic BP were also noted before

adjustments; whereas BMI (r¼ 0.17, P¼ 0.0031), WC

(r¼ 0.28, P< 0.0001) and waist-to-hip ratio (r¼ 0.23,

P< 0.0001), but not skin-fold thickness (r¼ 0.09, P¼
0.14), were correlated with 24-h diastolic BP. Significant

unadjusted correlations were noted between body weight
rized reproduction of this article is prohibited.

Table 2 Correlation matrix between indices of adiposity in study
group (n U 300)

WC (cm) WHR
Mean skin-fold

thickness

Body mass index (kg/m2) 0.84MM 0.18M 0.66MM

Waist circumference (WC) (cm) – 0.58MM 0.58MM

Waist-to-hip ratio (WHR) – – 0.11y

Numbers are correlation coefficients (r). MP<0.01; MM P<0.0001 for the
relationships; y P¼0.058.
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Fig. 1
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Relationships between indices of adiposity and conventional systolic blood pressure (SBP) in study subjects (n¼300). BMI, body mass index;
WHR, waist-to-hip ratio.
and conventional BP (SBP: r¼ 0.29, P< 0.0001; DBP:

r¼ 0.32, P< 0.0001), 24-h BP (SBP: r¼ 0.20, P¼ 0.0005;

DBP: r¼ 0.16, P¼ 0.0052), daytime BP (SBP: r¼ 0.20,

P¼ 0.0005; DBP: r¼ 0.15, P¼ 0.011), and night-time BP

(SBP: r¼ 0.18, P¼ 0.0016; DBP: r¼ 0.18, P¼ 0.0019).

The unadjusted associations between indices of adiposity

and BP in the subgroup of subjects who were not receiving

antihypertensive therapy (data not shown) were similar to

those in the group of subjects with ambulatory BP.

Conventional and ambulatory blood pressure and
indices of adiposity in separate models
When considering indices of adiposity in separate

regression models, but adjusting for other confounders,

BMI, WC and skin-fold thickness were independent pre-

dictors of conventional systolic and diastolic BP, whereas

waist-to-hip ratio was only associated with conventional

diastolic BP (Table 3). Waist circumference was the

only index of adiposity associated with 24-h systolic

and diastolic BP after adjustments for other covariates
opyright © Lippincott Williams & Wilkins. Unauth
(Table 3). Nevertheless, the relationship between BMI

and 24-h systolic BP was close to significant (Table 3).

Analyses of daytime and night-time systolic and diastolic

BP revealed similar results, with WC being the only

index of adiposity associated after adjustments for other

covariates (Table 3). Similar results were observed in the

subgroup of subjects not receiving antihypertensive

therapy (data not shown).

Although body weight was associated with conventional

BP (systolic BP: partial r¼ 0.10, P¼ 0.03; diastolic BP:

partial r¼ 0.21, P< 0.0001), no associations with 24-h,

daytime or night-time systolic and diastolic BP were

noted after adjustments for other covariates.

Conventional and ambulatory blood pressure and
indices of adiposity in the same model
The independent relationship between WC and either

conventional or 24-h BP (Table 3) persisted after BMI,

waist-to-hip ratio and skin-fold thickness were included in
orized reproduction of this article is prohibited.
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Fig. 2
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Relationships between indices of adiposity and 24-h ambulatory systolic blood pressure (SBP) in study subjects (n¼300). BMI, body mass index;
WHR, waist-to-hip ratio.

Table 3 Partial correlation coefficients (r) for the relationship between indices of adiposity considered separately in the regression model
and systolic (SBP) or diastolic blood pressure (DBP) in the study group (n U 300)

Partial ra P valuea Partial ra P valuea Partial ra P valuea Partial ra P valuea

Conventional SBP
(mmHg) 24-h SBP (mmHg) Daytime SBP (mmHg)

Night-time SBP
(mmHg)

Waist circumference (cm) 0.13 <0.005 0.14 0.009 0.14 0.009 0.11 0.031

Body mass index (kg/m2) 0.13 <0.01 0.10 0.054 0.09 0.098 0.09 0.088
Waist-to-hip ratio 0.05 0.255 0.08 0.107 0.10 0.055 0.08 0.151
Mean skin-fold thickness (cm) 0.12 <0.01 0.05 0.373 0.05 0.332 0.03 0.606

Conventional DBP
(mmHg) 24-h DBP (mmHg) Daytime DBP (mmHg)

Night-time DBP
(mmHg)

Waist circumference (cm) 0.41 <0.0001 0.12 0.033 0.13 0.018 0.11 0.048

Body mass index (kg/m2) 0.21 <0.0001 0.06 0.231 0.06 0.314 0.06 0.237
Waist-to-hip ratio 0.12 0.029 0.08 0.162 0.10 0.062 0.09 0.115
Mean skin-fold thickness (cm) 0.17 0.002 0.02 0.675 0.03 0.637 0.03 0.584

The P values indicated in bold are significant. a From stepwise regression analysis including indices of adiposity considered separately and age, gender, alcohol and
tobacco intake, postmenopausal status (confirmed with follicle stimulating hormone measurements), the presence or absence of diabetes mellitus or inappropriate blood
glucose control, and the use of antihypertensive therapy in the regression model.
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Fig. 3
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Partial correlation coefficients (r) and 95% confidence intervals for the relationship between indices of obesity and conventional (BPc) or 24-h
(BP24) systolic and diastolic blood pressure after including all indices of adiposity together in the regression equation. Partial correlation coefficients
are after adjustments for other confounders (see Table 3 for additional confounders) in the study group (n¼300, left panels) and in the subgroup not
receiving antihypertensive therapy (untreated subjects, n¼237, right panels). BMI, body mass index; skin-fold, skin-fold thickness; WC, waist
circumference; WHR, waist-to-hip ratio. P values are for significant independent relationships.
the model (Fig. 3, left panels). In contrast, neither BMI nor

skin-fold thickness were significantly associated with

clinic or 24-h BP after adjusting for WC and waist-to-

hip ratio (Fig. 3, left panels). Similarly, in the subgroup of

subjects not receiving antihypertensive therapy, WC was

independently related to either conventional or 24-h BP

after BMI, waist-to-hip ratio and skin-fold thickness were

included in the model (Fig. 3, right panels). In contrast,

neither BMI nor skin-fold thickness were significantly

associated with either clinic or 24-h BP after adjusting

for WC and waist-to-hip ratio (Fig. 3, right panels). In

addition, the independent relationship between WC and

either daytime or night-time BP persisted after BMI,

waist-to-hip ratio and skin-fold thickness were included
opyright © Lippincott Williams & Wilkins. Unauth
in the model (in all subjects with ambulatory BP data the

partial correlation coefficients for WC and daytime SBP

were: r¼ 0.16, P¼ 0.025; daytime DBP: r¼ 0.15, P¼
0.009; night-time SBP: r¼ 0.10, P¼ 0.058; night-time

DBP: r¼ 0.12, P¼ 0.027; in subjects not receiving anti-

hypertensive therapy, the partial correlation coefficients

for WC and daytime SBP were: r¼ 0.18, P¼ 0.002; day-

time DBP: r¼ 0.14, P¼ 0.018; night-time SBP: r¼ 0.17,

P¼ 0.005; night-time DBP: r¼ 0.14, P¼ 0.015).

Predicted size effects of indexes of adiposity on
ambulatory blood pressure
The size effects of WC on 24-h ambulatory systolic BP

associated with a 15 cm (�1 SD) increase in WC were
orized reproduction of this article is prohibited.
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Fig. 4
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Unadjusted (unadj.) and adjusted differences in 24-h systolic (SBP) and diastolic (DBP) blood pressure associated with one standard deviation (SD)
increase in waist circumference [WC – panels (a) and (c), SD�15 cm] or body mass index [BMI – panels (b) and (d), SD�7 kg/m2] in the study
group (n¼300). Alcoh, alcohol intake; Smoke, tobacco intake; Menop, menopausal status; DM, presence or absence of diabetes mellitus or
inappropriate blood glucose control; Ht-trt, hypertension treatment; Skin-fold, skin-fold thickness; WHR, waist-to-hip ratio. 	P<0.05, 		P<0.005.
partially improved on after further adjusting for skin-fold

thickness, waist-to-hip ratio and BMI (Fig. 4a). Before

adjusting for BMI, waist-to-hip ratio and skin-fold thick-

ness, every 1 SD (15 cm) increase in WC resulted in a

2.46 mmHg increase in 24-h systolic BP (Fig. 4a). In

comparison, after adjusting for skin-fold thickness, BMI

and waist-to-hip ratio, every 1 SD (15 cm) increase in WC

resulted in a 4.04 mmHg increase in 24-h systolic BP

(Fig. 4a). In contrast, the size effects of BMI on 24-h

ambulatory systolic BP associated with a 7.4 kg/m2

(�1 SD) increase in BMI were considerably reduced after

adjusting for WC and waist-to-hip ratio (Fig. 4b). Similarly,

before adjusting for BMI, waist-to-hip ratio and skin-fold

thickness, every 1 SD (15 cm) increase in WC resulted in a

1.55 mmHg increase in 24-h diastolic BP (Fig. 4c);

whereas, after adjusting for skin-fold thickness, BMI

and waist-to-hip ratio, every 1 SD (15 cm) increase in

WC resulted in a 4.33 mmHg increase in 24-h diastolic

BP (Fig. 4c). In contrast, the size effects of BMI on

24-h ambulatory diastolic BP associated with a 7.4 kg/m2

(�1 SD) increase in BMI were considerably reduced after

adjusting for WC and waist-to-hip ratio (Fig. 4d).

The analyses in the subgroup not receiving antihyperten-

sive therapy were similar, with every 1 SD (14.7 cm)
opyright © Lippincott Williams & Wilkins. Unautho
increase in WC resulting in 2.69 and 1.57 mmHg increases

in 24-h systolic and diastolic BP, respectively, compared

to increases of 4.74 and 4.62 mmHg in 24-h systolic and

diastolic BP, respectively, after adjusting for BMI, waist-

to-hip ratio and skin-fold thickness. In contrast, the effects

of BMI on 24-h ambulatory systolic (1.96) and diastolic

(0.98) BP associated with a 6.8 kg/m2 (�1 SD) increase in

BMI were considerably reduced after adjusting for WC

and waist-to-hip ratio (�2.01 and �2.41 for systolic and

diastolic BP, respectively).

Discussion
The main finding of the present study is that waist

circumference is the only clinical index of adiposity that

was associated with an increased ambulatory and con-

ventional systolic and diastolic BP independent of other

indices of adiposity.

A recent large study conducted in a European population,

in which abdominal fat effects were not assessed, has

demonstrated convincingly that BMI is associated with

ambulatory BP [34]. The present study is the first con-

ducted in a relatively large, randomly selected population

sample that has explored whether the relationship

between ambulatory BP and indices of central adiposity
rized reproduction of this article is prohibited.
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(WC and waist-to-hip ratio) are independent of other

indices of adiposity. In this regard, the relationship bet-

ween WC and 24-h BP was independent of BMI and skin-

fold thickness, whereas the relationship between BMI and

24-h BP was masked by adding WC to the regression

equation. As ambulatory BP is a better index of cardio-

vascular outcomes [22–25] and target organ effects [26]

than conventional BP values, these data support an import-

ant role for the use of WC when predicting the BP that is

more closely associated with cardiovascular outcomes and

target organ damage than conventional BP.

Prior studies conducted in small, non-random samples

have explored whether waist-to-hip ratio is associated

with ambulatory BP independent of BMI [17–21]. Some

of these studies have suggested that waist-to-hip ratio is

independently related to ambulatory BP in both adults

(n¼ 51–97) [17,18] and in 140 children [20], findings not

supported by the present study. On the other hand,

consistent with the results of the present study, some

previous studies have demonstrated that waist-to-hip

ratio is not independently associated with ambulatory

systolic or diastolic BP in 156 schoolteachers [19] and 357

untreated hypertensives [21]. The lack of a consistent

relationship between waist-to-hip ratio and ambulatory

BP may be explained by the poor relationship between

visceral fat mass and waist-to-hip ratio [35–39]. In this

regard, some studies have highlighted the critical role of

visceral fat mass in mediating BP changes [7–16].

Three possibilities may explain the independent relation-

ship between WC, but not BMI with BP in the present and

in previous [3,4] studies. First, an inconsistent relationship

between BMI and adiposity may occur, particularly in

populations of African descent [6]. Thus BMI may not

be a reliable index of adipose tissue mass in some popu-

lations. Second, as visceral fat mass may be important in

mediating BP changes [7–16], it is also possible that BMI is

not that closely related to the fat compartment that con-

tributes to BP; however, in the present study the corre-

lation coefficient between WC and BMI was remarkably

strong (r¼ 0.84). Third, the association between BMI and

BP could be tempered by the presence of a genotype that

moderates the relationship [40] or a genotype that

increases the association between WC and BP.

The lack of an independent relationship between skin-fold

thickness and BP in the present study may also be

explained by the close relationship between visceral fat

and BP [7–16]. Skin-fold thickness is an index of subcu-

taneous peripheral fat and, as indicated in the present

study, has a poor correlation with indices of central fat.

Interestingly, when indices of adiposity were considered

separately in the regression model, skin-fold thickness and

conventional systolic and diastolic BP were correlated,

whereas skin-fold thickness and ambulatory BP were

not. These data would suggest that although peripheral/
opyright © Lippincott Williams & Wilkins. Unauth
subcutaneous fat is associated with resting BP, it is not

associated with ambulatory BP.

As compared to ambulatory BP, conventional BP is more

likely to reflect an increase in sympathetic activity associ-

ated with the alerting reaction [41], and sympathetic

overactivation has been shown to be associated with

obesity [42]. Thus, the closer relationship between skin-

fold thickness and conventional BP as compared to

skin-fold thickness and ambulatory BP in the present

study may be explained by an increase in sympathetic

activity associated with the measurement of conventional

BP (alerting reaction). Similarly, the closer relationship

between WC and conventional diastolic BP as compared to

WC and ambulatory diastolic BP in the present study may

also be explained by an increase in sympathetic activity

associated with the measurement of conventional BP.

The limitations of the present study include the cross-

sectional design. Moreover, more direct measures of

visceral fat (such as computed tomography) were not em-

ployed. However, the present study was not designed to

determine the impact of visceral fat on ambulatory BP, but

rather to identify which clinical index of adiposity

is independently associated with ambulatory BP. The

relatively lower proportion of males as compared to

females recruited in the present study also raises the

question as to whether the outcomes of the present study

may only apply to females. The lower sample of males

prevented us from performing gender-specific analysis

with confidence in the outcomes; however, it is well

recognized that obesity in males is more frequently accom-

panied by central rather than peripheral fat accumulation,

hence the outcomes of the present study are unlikely to be

through an effect noted only in females. As this study was

performed in a population of African ancestry with a high

prevalence of hypertension (42%) and a high proportion of

subjects who were either overweight or obese (66%), these

data may not be applicable to other populations with a

different prevalence of hypertension or obesity.

In conclusion, the present study indicates that WC is the

only clinical index of adiposity that is associated with

ambulatory and conventional systolic and diastolic BP

independent of other indices of adiposity. Therefore,

the present data suggest that WC is the index of adiposity

to use when assessing the impact of excess adiposity on

ambulatory BP, a BP measurement that is more closely

associated with cardiovascular outcomes than is conven-

tional BP.
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