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ORIGINAL ARTICLE

Circulating levels of adiponectin, leptin, and tumour necrosis
factor a in hypertension

JEETESH V. PATEL, HOONG S. LIM, KIRAN DUBB, ELIZABETH A. HUGHES &
GREGORY Y. H. LIP

Haemostasis, Thrombosis and Vascular Biology Unit, University Department of Medicine, Ciry Hospital, Birmingham,
England UK

Abstract

Background. Abnormal adipocyte function is implicated in the coalition of multiple cardiovascular risk factors, where
aberrant circulating levels of the adipose-derived hormones adiponectin, leptin, and tumour necrosis factor (TNF) o may
provide the putative link between hypertension and increased cardiovascular risk. The pragmatic utility of these
‘adipocytokines’ in the clinical setting of hypertension is unclear, and we hypothesized a relationship of circulating
adipocytokines to hypertension, and associated cardiovascular morbidity.

Method. Using a cross-sectional approach, we measured plasma adipocytokines in 278 ‘high-risk’ treated hypertensive
participants of the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT) study (mean (SD) age 62.9 (7.7) years), who
were compared to 54 newly diagnosed untreated hypertensives (61.3 (10.9) years) and 55 healthy controls (48.3 (12.3)
years).

Results. Levels of all three adipocytokines were lower amongst treated hypertensives compared to newly diagnosed
hypertensives and healthy controls (P <0.001 for leptin and adiponectin), and varied with gender, co-morbidities (e.g.
diabetes, cardiovascular disease (CVD), left ventricular hypertrophy) and by treatments (e.g. statins and beta-blockade).
Levels of adiponectin (2 <0.001) and leptin (P =0.02) rose in an ordinal fashion with increasing hypertension severity
(grade). Levels of leptin were associated with diastolic blood pressure in a positive fashion (P <0.001).

Conclusions. While hypertension affects adipocytokine levels, the clinical interpretation of circulating levels
in hypertension is confounded by a range of factors. The positive relation between leptin and adiponectin with
hypertension severity may reflect an underlying adaptive response that is attenuated during pharmacological hypertension
management.
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Introduction (4). Reasons for this disparity are linked to co-
morbidities such as obesity, insulin resistance and
abnormal glucose and lipid metabolism, which
commonly co-manifest with hypertension (5-9).
The early identification of hypertensive patients,

and their susceptibility to multiple CVD risk

Despite advances in the understanding of hyper-
tension and its treatment, the pathophysiological
mechanisms by which hypertension confers an
increased risk of cardiovascular disease (CVD)
morbidity and mortality remain unclear. Indeed,

effective blood pressure control by antihypertensive
treatment in a hypertensive patient still does not
reduce CVD risk back to the levels found in the
normotensive population (1-3), and current clinical
approaches in blood pressure measurement under-
estimate the magnitude of atherosclerotic damage

factors—or the so-called ‘metabolic syndrome’—is
therefore an arduous challenge. However, there is
evidence that changes in the secretory activity of the
adipose tissue are co-ordinated with the develop-
ment of a coalition of CVD risk factors in these
hypertensive patients (10).
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Key messages

e Abnormal adipocyte function is implicated
in the coalition of multiple cardiovascular
risk factors, where aberrant circulating
levels of the adipose-derived hormones
adiponectin, leptin, and tumour necrosis
factor (TNF) o may provide the putative
link between hypertension and increased
cardiovascular risk.

e In this study, we find that hypertension
affects adipocytokine levels, but the clinical
interpretation of circulating levels in hyper-
tension is confounded by a range of factors.

e The positive relation between leptin and
adiponectin with hypertension severity may
reflect an underlying adaptive response that
is attenuated during pharmacological hy-
pertension management.

Adiponectin, leptin, and tumour necrosis factor
(TNF) o are hormones produced by adipocytes—
termed ‘adipocytokines’—that elicit a diverse range
of metabolic changes that often engage multiple
CVD risk factors (11). Circulating concentrations of
adiponectin are ubiquitous in the circulation and are
reduced in obesity (12) and hypertension (13,14),
but it is not clear whether there is an independent
role in blood pressure regulation per se (15,16).
Leptin is a centrally acting mediator of satiety,
energy expenditure, and adipocyte form (17), where
it is proposed to impact on blood pressure through
sympathetic outflow (18). Similarly, levels of the
pro-inflammatory cytokine TNF-a are implicated in
the modulation of biomarkers of energy balance that
includes the adipocytokines (19).

We hypothesized a relationship of circulating
adipocytokines to hypertension and associated car-
diovascular morbidity, and that plasma concentra-
tions would discriminate between high blood
pressure and normality. We tested this using cross-
sectional and case control approaches, by measuring
plasma adipocytokines in 278 ‘high-risk’ rreated
hypertensive participants of the Anglo-Scandinavian
Cardiac Outcomes Trial (ASCOT) study, who were
compared to newly diagnosed wuntreated hyperten-
sives and healthy controls.

Methods

All 278 hypertension patients were participating in
the Anglo-Scandinavian Cardiac Outcomes Trial
(ASCOT), and attending the Birmingham study
centre. Patients were aged 40-80 years, with

hypertension, either treated (systolic blood pressure
(BP) >140 mmHg and/or diastolic BP >90
mmHg) or newly diagnosed (systolic BP >160
mmHg and/or diastolic BP >100 mmHg) subjects.
Details of ASCOT are published elsewhere (20).
Briefly, the inclusion criteria for ASCOT required
hypertensive patients with three or more risk factors
to be included, that is: 1) left ventricular hyper-
trophy; 2) other electrocardiogram (ECG) abnorm-
alities (left ventricle strain pattern, abnormal Q
waves, left bundle branch block, ST-T changes
compatible with ischemic heart disease); 3) history
of diabetes mellitus (DM) according to World
Health Organization criteria; 4) past medical his-
tory of a cerebrovascular event, including transient
ischaemic attack; 5) male gender; 6) age >55 years;
7) microalbuminuria/proteinuria; 8) positive smok-
ing history; 9) raised plasma total cholesterol/high-
density lipoprotein (HDL) cholesterol ratio; 10)
family history of cardiovascular disease; and 11)
peripheral vascular disease. Patients were excluded
if they had a history of malignant or secondary
hypertension, congestive cardiac failure, fasting
serum triglycerides >4.5 mmol/L, major concomi-
tant, non-cardiovascular disease or were taking
warfarin. All ASCOT patients were receiving anti-
hypertensive therapy at the time of recruitment.

These patients were compared to 54 newly
diagnosed, untreated hypertensives (defined as aver-
age BP >140/90 mmHg on two or more separate
occasions) without any overt CVD risk features/
medications as highlighted above, recruited from a
local community health-screening project. To allow a
comparison to ‘normal’ values of the adipocytokines,
55 apparently healthy controls were also recruited
from relatives of patients and hospital staff, and were
‘healthy’ by virtue of detailed clinical history and
examination, as well as basic blood tests and ECG.
Controls were excluded if found to have any history
of CVD, a history of hypertension or active anti-
hypertensive medication, diabetes or significant in-
flammatory, neoplastic, or endocrine disease.

Both patients and controls attended a morning
clinic session fasted (no food from 10 p.m. the
previous evening). Blood pressure for patients and
controls was measured after the subject was seated in
a quiet room for 10 minutes, using the OMRON
705-CP (Omron Healthcare Europe, Mannheim,
Germany), as per the ASCOT protocol; a minimum
of three readings were performed, and the average of
the last two readings was used. Mean arterial blood
pressure was calculated as the mean pulse pressure
added to one-third of the diastolic blood pressure.
Body mass was measured on Seca scales (Seca Ltd,
Birmingham UK). A Leicester standard rule (Seca



Ltd, Birmingham UK) was used to determine the
height of the subject’s ‘vertex’ (during which time
the subject was asked to stand upright with their
head in the Frankfort plane). Body mass index
(BMI) was calculated as the weight (kg) divided by
height (m) squared, and obesity was defined as those
subjects with a BMI >27 kg/m?. Details of the
following cardiovascular events were used to define
overt CVD: angina, myocardial infarction, non-
haemorrhagic stroke, coronary intervention, and
peripheral vascular disease. Impaired fasting glucose
was used to classify non-diabetic subjects with a fas-
ting plasma glucose >6.1 mmol/LL and <7 mmol/L.
All subjects provided written informed consent. The
protocol was approved by the West Birmingham
Research Ethics Committee.

Laboratory

Blood was drawn with minimal trauma from the
antecubital vein. Blood was centrifuged at 3000 rpm
for 20 minutes within 30 minutes of collection,
and the serum and plasma separated and stored at
—80°C prior to analysis. Serum cholesterol
(CHOD-PAP method), triglycerides (GPO-PAP
method), HDL (direct method) and plasma glucose
(glucose oxidase method) were determined using
routine autoanalyser assays in the Biochemistry
Department (Sandwell and West Birmingham Hos-
pitals NHS Trust, UK). TNF-q, leptin, and adipo-
nectin levels were measured by enzyme-linked
immunosorbent assay (ELISA) in ethylenediamine
tetra-acetic acid (EDTA) plasma, using commer-
cially available antibodies (R&D Systems, Abingdon,
UK). Coefficients for intra- and interassay variation
was <3% and <5%, respectively. The lower limits
of detection by ELISA were 62.5 pg/mL for adipo-
nectin, and 15.6 pg/mL for both leptin and TNF-q.

Power calculations

The study was of a cross-sectional design, with no
provision for demographic or disease stratification
(e.g. gender, obesity). We hypothesized significant
differences in levels of adipocytokines between
hypertension patients and controls. A sample size
of 60 was needed to detect half a standard deviation
in adipocytokine means, at 80% power, P <0.05
using a two-sided test.

Statistical analysis

Data were analysed in SPSS v14 (SPSS Inc., Chi-
cago, IL) using standard and non-parametric tests as
appropriate. Adipocytokines were of non-parametric
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distribution, as determined by normality plots
(Kolmogorov-Smirnov test). Differences in adipocy-
tokine concentrations between groups were deter-
mined using Mann-Whitney (two independent
samples) or by the Kruskall-Wallis test (for more
than two groups). For non-parametric data, central
tendencies were reported as medians, and variation
by interquartile range (IQR). Similarly, for normally
distributed variables, the mean and standard devia-
tion (SD) are reported. Spearman rank correlation
method was used to determine statistical correlations
between adipocytokines with CVD risk. Multivariate
logistic regression was used to determine the con-
tribution of various risk factors to the presence of
hypertension and CVD. Similarly, linear regression
was used to determine the predictors for variations in
circulating adipocytokines, where beta (95% confi-
dence intervals (CI)) is reported to reflect the
strength of association from independent predictors.
Receiver operator characteristic (ROC) curves were
use to evaluate the performance of adipocytokines
with conventional CVD risk factors in this popula-
tion, depicted by the mean area under the curve
(AUC) with 95% CI. Polytomous Universal Model
(PLUM) ordinal regression analysis was used to
determine the association between adiponectin levels
and ordinal variables such as hypertension grade,
where a pseudo R was reported to reflect the strength
of the association. A P-value <0.05 was considered as
statistically significant.

Results

A total of 278 ASCOT patients (mean (SD) age 62.9
(7.7) years), 54 newly diagnosed untreated hyper-
tensives (61.3 (10.9) years), and 55 healthy controls
(48.3 (12.3) years) were studied. Amongst ASCOT
patients, 17.3% had diabetes mellitus, 15.6% had
overt CVD, and 9.5% had left ventricular hypertro-
phy (LVH). Numbers of hypertensive patients vary
between Tables due to the selection of gender and
disease-specific subgroups.

Factors influencing variations in adipocytokines amongst
treated patients

Across combined cohorts of patients and controls,
levels of adipocytokines were markedly different by
gender (P <0.03) and BMI (P <0.05), and previous
cardiovascular event (P <0.02 for adiponectin and
leptin only). Amongst patients treated for hyperten-
sion (in ASCOT), adiponectin levels were lower
amongst those with diabetes, impaired fasting glu-
cose, and those on statin therapy, and non-signifi-
cantly so amongst those with previous CVD (see



Table I. Circulating concentrations of adiponectin, leptin, and tumour necrosis factor o amongst 278 patients treated for hypertension (ASCOT trial participants).

Adiponectin (ng/mL)

Leptin (pg/mL)

Tumour necrosis factor o (pg/mL)

Patient characteristics Median 25th percentile 75th percentile Median 25th percentile 75th percentile Median 25th percentile 75th percentile
Age group 45-54 yrs 27 2600 1331 4341 950 306 1697 21 13 51
55-64 yrs 115 2220 1103 3799 687 304 1400 23 13 181
65-74 yrs 101 2509 1259 4336 478 265 1544 26 12 171
75+ yrs 19 1684 1125 4200 910 424 1800 17 11 141
Gender Male 36 1842 1093 4200 1740 1112 2639 16 12 53
Female 237 2400 1250 4125 502 275 1262 25 13 177
Body mass index <27 kg/m? 94 2585 1268 4606 450 235 1364 28 14 175
>27 kg/m? 175 2220 1122 3733 683 349 1547 22 13 129
Smoking habit Non-smoker 216 2400 1266 4200 472 264 1382 25 14 185
Smoker 57 2386 1371 4066 705 258 1697 17 8 40
Diabetes No 221 2480 1259 4332 549 282 1470 23 13 131
Yes 52 1572 992 2998 709 326 1610 37 10 243
Fasting plasma <6.1 mmol/L 17 2434 1254 4200 460 255 1566 25 15 146
glucose® >6.1 mmol/LL 130 2376 1313 3861 582 287 1240 19 12 81
Left ventricular hypertrophy = No 252 2434 1282 3989 479 267 1382 22 14 83
Yes 21 1837 1150 4578 550 140 1756 222 14 793
Hypertension grade Normal 107 2085 1113 3908 549 290 1333 24 14 106
High normal 52 2231 1367 3782 485 328 1410 56 14 252
Mild 89 2349 1106 4200 617 259 1610 22 13 155
Moderate 22 3883 1523 4699 716 258 3680 19 4 27
Previous cardiovascular event No 233 2400 1250 4125 600 300 1547 24 13 133
Yes 40 1628 1095 4207 534 288 1425 37 12 163
Target organ damage No 233 2287 1250 4036 600 304 1561 23 13 111
Yes 37 2500 1079 4406 516 282 1259 68 12 185
Angiotensin-converting No 148 2088 1075 4265 687 338 1676 21 12 101
enzyme inhibitor therapy
Yes 125 2412 1367 3903 494 260 1280 33 14 195
Beta-blocker therapy No 151 2400 1357 4281 551 262 1547 25 13 163
Yes 122 2201 1077 3931 604 365 1516 23 13 128
Statin therapy No 113 2685 1405 4285 711 327 1621 33 15 219
Yes 159 2118 1058 3888 516 268 1459 21 12 91
Antiplatelet therapy No 155 2170 1225 4125 533 295 1582 23 13 101
Yes 111 2462 1179 4207 665 293 1298 33 13 193
More than three metabolic No 126 2211 1229 4957 509 282 1541 28 12 155
risk factors
Yes 132 1870 1113 3572 479 315 1183 19 13 115
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Table I (Continued)

Leptin (pg/mL) Tumour necrosis factor o (pg/mL)

Adiponectin (ng/mL)

75th percentile

Median 25th percentile

75th percentile

Median 25th percentile

75th percentile

Median 25th percentile

Patient characteristics

124
102

14
14

22

26

1541

265
253

1307 4066 573
457

1266

2417

177

Normal

Poor

Kidney function®

940

4200

2351

70

Data in columns show the median and interquartile ranges for each adipocytokine against various demographic and pathological factors that appear in the rows.

For adiponectin, there were significant differences by diabetes (P

(P <0.001), beta-blocker therapy (P
#Excludes patients with diabetes.

0.02). For leptin, there were significant differences by gender

0.01), impaired fasting glucose (P =0.001) and statin therapy (P
0.03), and fasting plasma glucose (? <0.001). For tumour necrosis factor o, there were significant differences by left ventricular hypertrophy (?

0.016).

®Normal: glomerular filtration rate estimate by MDRD >60 mL/min; Poor: <60 mL/min.

Anglo-Scandinavian Cardiac Outcomes Trial

Modification of Diet in Renal Disease; ASCOT =

MDRD
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Table I). For leptin, levels were higher in female
patients, and lower amongst those with multiple
metabolic CVD risk factors. For TNF-a, levels were
higher in those patients with LVH.

Given the confounding impact of diabetes and
CVD on adipocytokine levels, a subgroup of 198
non-diabetic hypertension patients (ASCOT), with-
out CVD were compared to 54 untreated, newly
diagnosed hypertensives and 55 healthy controls (see
Table II). Compared to healthy controls, treated
hypertensive patients had markedly lower levels of
adiponectin, leptin, and TNF-a. Similarly, between
the two hypertensive cohorts, levels of adipocyto-
kines were significantly lower amongst the treated
compared to the untreated ‘newly diagnosed’
hypertensives—despite comparable measures of
BMI and serum lipids (Table IIA). Levels of
adipocytokines were not significantly different be-
tween healthy controls and newly diagnosed hyper-
tensives. The above differences remained significant
even after using smaller cohorts of age-matched
males (Table IIB).

Adipocytokines in obese and non-obese males treated for
hypertension

Amongst male patients treated for hypertension
(ASCOT) only, circulating adipocytokines were
compared between 120 obese and 64 non-obese
patients, who were matched for age and comparable
for smoking habit, CVD, and CVD therapy (Table
I11, Figure 1). Adipocytokine levels were comparable
between these groups, despite higher systolic and
arterial blood pressure amongst obese patients.
Amongst controls, levels of adiponectin were com-
parable between obese and non-obese subjects, but
were altogether higher than in patients with hyper-
tension (Figure 1).

Adipocyrokines as discriminators of cardiovascular risk

On ROC analysis of a combined cohort of treated
hypertension patients (ASCOT) and healthy con-
trols, levels of adipocytokines and fasting plasma
glucose were strong discriminators of the presence of
hypertension (Table IV). Using a similar approach,
adipocytokines did not discriminate between healthy
controls and newly diagnosed hypertensives. On
ROC analysis of treated hypertensive patients only,
levels of adipocytokines did not significantly discri-
minate the presence of raised cholesterol, raised
triglycerides, raised plasma glucose, low HDL cho-
lesterol, or combinations of these metabolic risk
factors.
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Table ITA. Adipocytokines and characteristics of healthy controls compared with treated hypertension patients (ASCOT trial participants)

compared with untreated, newly diagnosed hypertensives.

Healthy controls (n =55)

ASCOT patients (n =198)

Untreated hypertensives (n =54)

Age (years) 48.3 (12.3)

% Male gender 60.0 (33)

% Smokers 20.0 (11)

Body mass index (kg/m?) 25.7 (5.5)

Systolic BP (mmHg) 124 (10)
Diastolic BP (mmHg) 78.6 (6.2)

Pulse pressure (mmHg) 455 (7.2)

Mean arterial pressure (mmHg) 93.8 (6.9)

Fasting plasma glucose (mmol/L) 5.00 (0.53)
Serum cholesterol (mmol/L) 5.00 (1.02)
Fasting serum triglycerides (mmol/L) 0.90 (0.70, 1.50)
HDL cholesterol (mmol/L) 1.45 (0.33)
Adiponectin (ng/mL) 3542 (2475, 4961)
Leptin (pg/mL) 6692 (3172, 13428)
Tumour necrosis factor o (pg/mL) 220 (31, 648)

62.8 (7.7)° 61.4 (10.9)

90.4 (179)° 64.8 (35)

21.0 (43) 35.2 (19)

27.7 (2.8) 26.3 5.1)

137 1e6)®° 153 14)®

75.9 (10.6) 91.4 (8.8)°

60.9 (13.3)° 61.2 (14.0)

96.1 (11.0) 111.8 (8.5)°

6.31 (1.82)° 4.97 0.47)°

4.54 (1.02) 5.24 (0.93)

1.20 (0.80, 1.90)° 1.10 (0.88, 1.40)
1.44 (0.41) 1.44 (0.36)

1855 (1147, 3681)° 3921 (2958, 5175)°
439 (271, 935)° 6594 (3070, 11456)°
20 (13, 74)° 120 (4, 821)

Data are percent (n), mean (SD) or median (interquartile range). P-value corresponds to chi-square and ¢ test (or Mann-Whitney
equivalent): healthy controls versus ASCOT patients or ASCOT patients versus untreated hypertensives.

Patients with diabetes or with a previous cardiovascular event were excluded.?P <0.05; ®P <0.001.

ASCOT =Anglo-Scandinavian Cardiac Outcomes Trial; BP =Blood Pressure; HDL = High Density Lipoprotein

Table IIB. Adipocytokines of male patients with hypertension without diabetes and without a previous cardiovascular event compared with

matched controls.

Controls (n =56)

Patients with untreated
hypertension (n =54)

Patients with treated
hypertension (7 =56)

Age (years) 57.4 (11.5)
Adiponectin (ng/mL) 3788.328 (2491-4466)
Leptin (pg/mL) 5054.375 (2557-7498)
Tumour necrosis factor o (pg/mL) 157.005 (5-1157)

56.9 (6.8) 61.4
2234.5
375.5 (252-1081) 6594
23.8 (14.2-83) 120

(10.9) 0.80
(2958-5175) 0.003
(3070-11456)  <0.001
(4-821) 0.030

(1315-4413) 3921

Data are median (interquartile range). P-value relates to differences between controls and patients with treated hypertension (ASCOT).

ASCOT =Anglo-Scandinavian Cardiac Outcomes Trial.

Regression analysis

On logistic regression analysis of treated hyperten-
sion patients (ASCOT) and healthy controls, the
presence of hypertension was independently pre-
dicted by leptin (beta, 95% CI: 0.1, 0.1-0.1; P<
0.001), BMI (1.5, 1.1-2.0; P=0.006), and age
(1.1, 1.0-1.2; P=0.008), in a model that included
adipocytokines, gender, lipids, diabetes, and smok-
ing habit. On similar analysis of treated hyperten-
sion patients (ASCOT), adipocytokines did not
feature in a logistic regression model that investi-
gated predictors of overt CVD. On bivariate analy-
sis across patients and controls, adipocytokines were
largely unrelated to direct measures of systolic,
diastolic, arterial, and pulse pressure. Amongst
treated hypertensive patients alone, leptin levels
were associated with diastolic blood pressure (P <
0.001, r=0.21), and this association remained after
controlling for gender, age, and cardiovascular
treatment effects. On ordinal regression analysis,
levels of adiponectin (pseudo R?=0.20, P <0.001)
and leptin (pseudo R?=0.02, P=0.02) increased in

an ordinal fashion with deteriorating hypertension
grade (Figure 2).

Discussion

This study supports the view that hypertension has
an impact on circulating levels of adipocytokines.
However, this relationship appears to be explained
by (unmeasured) cardiovascular management con-
sequence(s) rather than blood pressure per se. For
example, active antihypertensive therapy may reduce
levels of adipocytokines in treated hypertension, but,
paradoxically, levels of adiponectin and leptin in-
crease with untreated or unmanaged blood pressure.
Pragmatically, the measurement of adipocytokines in
hypertension would not appear to improve the value
of a clinician’s existing approach to holistic CVD risk
assessment, nor does it contribute to the inferred
pathophysiological relationship between obesity and
hypertension. While the data support our hypothesis
that circulating adipocytokines are related to hyper-
tension, the measurement of plasma concentrations
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Table III. Cardiovascular risk factors, cardiovascular medication and adipocytokines in male hypertension patients (ASCOT trial

participants) by obesity status.

Patients with hypertension

Cardiovascular risk factors and adipocytokines Non-obese (7 =64) Obese (n=120) P
Age (years) 59.9 (6.6) 60.1 (6.0) 0.84
Smoking history (%) 29.7 (19) 24.2 (29) 0.26
Body mass index (kg/m?) 25.3 (1.5) 31.5 (3.9) <0.001
History of diabetes (%) 10.9 7 20.8 (25) 0.07
History of previous cardiovascular 15.6 (10) 13.3 (16) 0.67
event (%)
Angiotensin-converting enzyme 42.2 27 52.5 (63) 0.12
inhibitor therapy (%)

Beta-blocker therapy (%) 45.3 (29) 45.0 (54) 0.54
Statin therapy (%) 56.3 (36) 64.2 7 0.19
Systolic BP (mmHg) 133.5 (14.3) 138.7 (16.2) 0.03
Diastolic BP (mmHg) 75.0 9.0) 77.3 (10.3) 0.15
Pulse pressure (mmHg) 58.5 (12.5) 61.4 (12.7) 0.13
Mean arterial pressure (mmHg) 94.5 (9.33) 97.8 (11.07) 0.05
Fasting plasma glucose (mmol/L) 6.21 (2.00) 6.49 (2.03) 0.40
Serum cholesterol (mmol/L) 4.69 (1.18) 4.60 (1.06) 0.60
Fasting serum triglycerides (mmol/L)? 1.10 (0.70, 1.50) 1.30 (0.90, 1.90) 0.03
HDL cholesterol (mmol/L) 1.44 (0.41) 1.43 (0.42) 0.82
Total/HDL cholesterol ratio 3.49 (1.38) 3.93 (5.71) 0.57
Adiponectin (ng/mL)* 2471 (1267, 4959) 2085 (1079, 3681)  0.17
Leptin (pg/mL)*? 370 (260, 922) 475 (303, 968) 0.38
Tumour necrosis factor o (pg/mL)* 41 (15, 164) 27 (14, 185) 0.46

Data are percent (), mean (SD). P-value corresponds to chi-square and independent z test (or “Mann-Whitney equivalent)

#Data are median (interquartile range).

ASCOT =Anglo-Scandinavian Cardiac Outcomes Trial; BP =Blood Pressure; HDL = High Density Lipoprotein.

is unlikely to discriminate between high blood
pressure and normality in a clinical setting. The
implication is that it remains unclear how these
hormones provide common ground between the
developmental relationship between hypertension
and CVD risk.

While adipocytokines have been linked to hy-
pertension (10), a pragmatic understanding of their
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Figure 1. Median circulating adiponectin levels by obesity status
in male and female hypertension patients and controls.

clinical utility is not apparent. Variability in the
levels of adipocytokines measured here was evident
by a diverse range of variables (gender, BMI, co-
morbidities, and CVD treatment), which would
serve to complicate the interpretation of circulating
measures in a risk stratification setting. Moreover,
there appears to be a paradoxical relationship,
where levels of adipocytokines are reduced in
patients with hypertension (treated), but, in the
same patients, are positively moderated by the
increasing severity of blood pressure or blood
pressure itself. Levels of leptin and adiponectin
ordinally increased with hypertension grade in the
present study, supported by previous reports of an
independent positive association with blood pres-
sure (21). A possible explanation for the differences
in adipocytokine levels may be the positive influ-
ence of the sympathetic nervous system (SNS) on
blood pressure (22), whereas leptin levels may
reflect an adaptive response via hypothalamic path-
ways. Leptin is a catabolic hormone and mobilizes
triglyceride stores, and increases in this hormone
may also be co-ordinated by similar changes in
adiponectin concentrations (due to its lipolytic
influences on triglyceride-rich lipoproteins). Hence,
it would appear here that the pharmacological
management of hypertension attenuates a physiolo-
gical response to increasing blood pressure which is
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Table IV. Area under the curve for discriminators of hypertension
amongst males without diabetes and without a previous cardio-
vascular event.

Area under the curve
95% CI) P

Fasting plasma glucose
Serum cholesterol
Fasting serum triglycerides

81.1% (75.0-87.1%)  <0.001
41.2% (33.1-49.3%) 0.06
60.8% (52.1-69.5%) 0.019

HDL cholesterol 48.3% (40.0-56.6%) 0.72
Adiponectin 28.1% (21.2-34.9%) <0.001
Leptin 3.8% (1.5-6.2%) <0.001
Tumour necrosis factor o 32.0% (22.4-41.6%) <0.001
Adiponectin:leptin ratio 87.0% (82.2-91.7%) <0.001

HDL = High Density Lipoprotein.

in itself cardioprotective (12,22). Whether this then
‘drives’ an environment for weight gain in the
patient is debatable, but the interplay between the
adipocytokines, physiological response, and phar-
macological treatment underlines the difficulty in
the use of these hormones in a biochemical setting.

While adipocytokines did not have a significant
role the discrimination of CVD risk factors, levels of
adiponectin and leptin were adversely different in
treated hypertensive patients by CVD status. Adi-
pocytokines are associated with abnormal haemos-
tasis and fibrinolysis. For example, plasma levels of
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Figure 2. Median circulating adiponectin levels by hypertension
grade status in hypertension patients (ASCOT). (1 =normal:
systolic BP <120 mmHg, diastolic BP <80 mmHg; 2 =high-
normal: systolic BP between 135 and 139 mmHg, diastolic BP
between 85 and 89 mmHg; 3 =mild hypertension: systolic BP
between 140 and 159 mmHg, diastolic BP between 90 and 99
mmHg; 4 =moderate hypertension: systolic BP between 160 and
179 mmHg, diastolic BP between 100 and 109 mmHg; 5 =severe
hypertension: systolic BP >180 mmHg, diastolic BP >110
mmHg.) ASCOT =Anglo-Scandinavian Cardiac Outcomes Trial;
BP =Blood Pressure.

plasminogen activator inhibitor (PAI-1) are related
to visceral adiposity (23), and this may also under-
line the relationship between aberrant levels of
adipocytokines and hypertension reported here.
Adiponectin has been described as a marker of
endothelial dysfunction, and this may also provide
a direct role for this adipocytokine in the CVD
complications associated with hypertension (22).

Consistent with data elsewhere, adiponectin
levels were reduced amongst subjects with obesity
(12), diabetes (24), CVD (25), and hypertension
(13). Adiponectin level differences between treated
hypertension patients (ASCOT) and healthy con-
trols were consistent with the 40% reduction re-
ported in studies of essential hypertension (13,15).
However, absolute levels in this study are lower than
those previously reported, which may underline
differences between commercially available antibody
kits. Comprehensively, there was no direct regula-
tory role for adiponectin on blood pressure amongst
normotensives, newly detected hypertensives, or
treated hypertensives. While low levels of adiponec-
tin have been reported in essential hypertension, it
has been debated as to whether this is due to bias
from renal function (15). In this study, amongst
patients with hypertension, we found no relationship
between glomerular filtration rate and adipocytokine
concentrations. While previous studies have investi-
gated the relationship between adipocytokines and
hypertension (10), in this study we were interested
to look at the impact of demographic and patholo-
gical confounding. For example, amongst hospital
patients, adiponectin has been implicated in the
aging process, where increased levels in the elderly
may reflect a physiological protective response to
combat low-level inflammation and oxidative stress.
In this study, cohorts were devised to be comparable
or matched for gender, age, and cardiovascular
morbidities.

Centripetal fat accumulation has been proposed
as the etiological driver for this metabolic risk factor
clustering, as studies consistently link waist circum-
ference (a surrogate for centripetal visceral fat) with
increased cardiovascular risk (5). The absence of a
central adiposity measure in the present study is a
limitation as a ‘metabolically obese but normal
weight’ phenotype is well described (26). Compar-
isons across cohorts of normotensives, newly diag-
nosed, and treated hypertensives proceeded by post
hoc selection biases relating to gender and co-
morbidities which are not readily representative of
the general patient population that a clinician would
experience. Moreover, the period of time for the
presence of hypertension amongst patients (treated
and untreated) was unclear. While cross-sectional



studies can reveal an association between two
variables, they cannot purport cause and effect.
Therefore, adipocytokine levels may affect blood
pressure but hypertension per se does not affect
adipocytokine levels.

Limitations

This paper is limited by its cross-sectional design,
and as this substudy is part of the main ASCOT
clinical trial the investigations and treatment regimes
allowed are very much protocol-driven, and the
substudy was secondary to the main ASCOT trial.
The patients in the present analysis were consecutive
patients over the initial period of the trial recruit-
ment at the Birmingham study site, and we accept
that males were over-represented (as with many
clinical trials). We also recognize that there are a
whole range of substances secreted by adipocytes.
Clearly, we cannot measure an unlimited number of
biomarkers, and the present paper addresses a
specific hypothesis on the relationship of circulating
adipocytokines (i.e. adiponectin, leptin, and TNF-«)
to hypertension, and associated cardiovascular mor-
bidity, and that plasma concentrations would dis-
criminate between high blood pressure and
normality.

In conclusion, circulating adipocytokine concen-
trations are aberrant in hypertension, but are un-
related to blood pressure per se. While these
hormones may reflect the increased CVD risk in
this disease group, the utility of this approach in a
clinical setting is not supported by data presented
here.
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