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Hypertension frequently coexists with obesity, 
diabetes, hyperlipidemia, or the metabolic syn-
drome; their association with cardiovascular 
disease is well established. The identification and 
management of these risk factors is an important 
part of the overall management of hypertensive 
patients. Because patients in these special popula-
tions are more predisposed to target organ dam-
age (TOD), stringent targets for blood pressure 
(BP) control have been set in clinical guidelines. 
However, clinical trial and real-life evidence sug-
gest that these targets are difficult to achieve. 
Patients with these comorbidities are more likely 
to require combination therapy, yet physicians are 
often reluctant to adjust the number and doses of 
medications to achieve target BP. There is a par-
ticular need for effective 24-hour BP control in 
these patients, due to the increased likelihood of 
nondipping status, which is a risk factor for TOD 
and mortality. Not all available antihypertensives 
are equally effective in controlling BP over 24 
hours, and some may exacerbate underlying meta-
bolic abnormalities. J Clin hypertens (Greenwich). 
2008;10:624–631. ©2008 Le Jacq

hypertension (hTN) frequently coexists with 
other cardiovascular disease (CVD) risk fac-

tors. in a Canadian study of hypertensive patients 
aged 35 years or older who were free from clinical 
evidence of CVD, in a large managed-care organiza-
tion, 56% were obese (body mass index [BMi] ≥30 
mg/m2) or had diabetes or hyperlipidemia (figure 
1).1 The rate of risk factor clustering is 4 times that 
which would be expected by chance alone, sug-
gesting a possible metabolic connection between 
hTN and other CVD risk factors. Closely related 
combinations of risk factors, such as the metabolic 
syndrome, are well recognized. Because the presence 
of additional risk factors (particularly diabetes) in 
hypertensive patients substantially increases the risk 
of CVD and medical care costs, their identification 
and management is an important part of the overall 
management of hypertensive patients.

The purpose of this review is to discuss the chal-
lenges of achieving optimal blood pressure (Bp) 
control in patients with coexisting obesity, diabetes, 
and/or hyperlipidemia and what contribution sub-
optimal control of Bp makes to the increasing ten-
dency toward target organ damage (TOD) in these 
patients. We also briefly consider how trial data rel-
evant to this special population can be usefully mod-
eled to examine health economic outcomes relating 
to current and future antihypertensive strategies.

THE METABOLIC SyNDROME
The metabolic syndrome is characterized by a 
combination of elevated Bp, dyslipidemia, insulin 
resistance, and abdominal obesity. These patients 
are at high risk for diabetes and CVD. Various 
groups have produced different diagnostic cri-
teria for the syndrome2–4: Table i summarizes 
the international Diabetes federation’s definition 
(2005); Table ii provides an overview of the US 
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National Cholesterol education panel diagnostic 
criteria (2002).

The prevalence of the metabolic syndrome 
depends on age and ethnic background and is 
associated with several potentially modifiable life-
style factors. prevalence, as defined by the Third 
report of the National Cholesterol education 
program expert panel on Detection, evaluation, 
and Treatment of high Blood Cholesterol in Adults 
(NCep ATp iii), is estimated at about 22% of US 
adults; it rises from <10% in persons aged 29 years 
or younger to >40% in those older than 60 years.5 
The underlying mechanisms of the syndrome are 
not fully known; however, the core factors appear to 
be an excess of body fat combined with metabolic 
susceptibility.6 Many factors may predispose to 
this metabolic susceptibility, which often manifests 
as insulin resistance. The relation between insulin 
resistance and hTN is well established and relates 
to several different mechanisms. elevated pulse 
pressure levels observed in hypertensive patients 
with the metabolic syndrome may reflect increased 
stiffness of the large arteries and may partly explain 
the associated enhanced cardiovascular (CV) risk.7 
There is no specific treatment for the metabolic 
syndrome; individual components must be managed 
appropriately to reduce the risk of TOD. Data from 
a retrospective cohort study indicate that Bp control 
is poor in a substantial proportion of patients with 
coexisting hTN and dyslipidemia and that multiple 
drugs are required to control Bp.8 poor Bp control 
contributes to the high CV risk occurring in patients 
with the metabolic syndrome.9

OBESITy
BP Control in Obesity
Obesity affects one-third of adults in the United 
States (32.9% in the 2003–2004 US National health 
and Nutrition examination Survey [NhANeS])10 
and is a major risk factor for the development of 
hTN, CVD, and chronic renal disease. in addition 
to elevated clinic Bp, body weight is positively cor-
related with increased ambulatory Bp and a higher 
incidence of elevated nighttime Bp (nondipper sta-
tus).11 Obese patients have higher levels of renin 
system (rS) activity, autonomic nervous system 
activity, and volume expansion than lean patients.12 
hemodynamically, obese hypertensive patients also 
have a higher cardiac output and lower systemic 
vascular resistance.13 in one study of hypertensive 
patients aged 35 years or older who were free from 
CVD, 37% also had a BMi ≥30 kg/m2.1

At present, hTN guidelines provide no explicit 
recommendations, such as a specific choice of 

an antihypertensive drug for the management of 
obese hypertensives.9,14 Unfortunately, both los-
ing weight and Bp control are difficult to achieve 
in clinical practice. The shortage of large, pro-
spective, comparative trials in obesity and hTN 
explains the lack of clear guidelines on how to 
treat this population.

There is some evidence that hTN in obese 
patients is more difficult to treat and that this 
population received suboptimal treatment in the 
real world.15,16 in a Spanish population survey 
of Bp control in hospital-based hTN units (no 
specific treatment protocol was followed), the 
physicians’ target was to reduce Bp in accordance 
with international guidelines. A Bp level <140/90 
mm hg was achieved in 46% of participants with 
a BMi <30 mg/m2 compared with only 34% of 
individuals with a BMi ≥30 mg/m2.16 in contrast, 
more recent NhANeS data indicate that Bp con-
trol rates are improving in obese persons.17

Evidence That Coexisting Obesity  
Is Related to Poorer Outcomes
There is some evidence that obesity per se is associat-
ed with end organ damage. The risk of death from all 
causes, including CVD, is higher for moderately and 
severely obese men and women in all age groups.18 
The risk of left ventricular hypertrophy (LVh) and 

Figure 1. Prevalence of other risk factors for cardiovas-
cular disease among 57,573 hypertensive patients (in 
a large managed-care organization and aged 35 years 
or older) with no history of cardiovascular disease.1 
DM indicates diabetes mellitus; HBMI, high body mass 
index (≥30 kg/m2); HLD, hyperlipidemia. From the 
Weycker et al, 2007.1
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concomitant heart failure increases with increasing 
BMi.19 increased rS activity may be implicated in the 
association between obesity and LVh.20

There is controversy, however, as to the extent of 
CVD risk in obese hypertensive patients compared 
with lean hypertensive patients. While some stud-
ies have suggested that obesity might actually exert 
protective effects on the cardiovascular system, 
others disagree with this concept.13 in a study by 
Weycker and colleagues’,1 there was no significant 
increased risk among hypertensive persons whose 
only additional risk was obesity.

The effect of obesity on CVD risk may be 
because of its impact on the risk of associated met-
abolic abnormalities, such as diabetes and hyper-
lipidemia, which are themselves risk factors for 
CVD. The higher incidence of elevated nighttime 
Bp (nondipper status) seen in obesity is also a risk 
factor for TOD and mortality.11 Obese hyperten-
sive patients, therefore, have a particular need for 
nighttime Bp control.

Choice of Antihypertensive Medication  
in Patients With Coexisting Obesity
Obesity has an influence on the hemodynamic 
changes associated with hTN,13 and this may 
impact the efficacy of different classes of anti-
hypertensive drugs. Obese patients often have 
metabolic abnormalities, such as glucose intoler-
ance and increased cholesterol concentrations, that 
can be exacerbated by certain antihypertensive 
agents, in particular b-blockers; b-blockers can 
also cause weight gain or make it more difficult 
to lose weight.21 Clinical trials and real-life stud-
ies indicate that obese hypertensive patients are 
more difficult to treat and are more likely to have 
a nondipping pattern than nonobese hypertensive 
patients. Despite all these factors, obesity-associat-
ed hTN has been neglected both in clinical studies 
and therapeutic guidelines. The role of rS activa-
tion in the etiology of obesity suggests that drugs 
acting on the rS may have beneficial effects in this 
special population, but this has yet to be proven in 
larger clinical trials.

DIABETES
BP Control in Diabetes
There is a strong association between hTN and 
diabetes; at least 15% of hypertensive patients 
have concomitant diabetes.1 Also, hypertensive 
individuals develop diabetes more frequently than 
do nonhypertensives, regardless of any specific 
treatment. hTN occurs approximately twice as fre-
quently in individuals with diabetes than in those 

Table I. International Diabetes Federation Definition of the 
Metabolic Syndrome2

Central obesity
Waist circumference:a ethnicity-specific values (eg, Europid: 

≥94 cm for men, ≥80 cm for women; South Asian: ≥90 cm 
for men, ≥80 cm for women)

Refer also to Wahrenberg et al, 20053

Plus any two of the following:
Raised triglyceride level 

>150 mg/dL (1.7 mmol/L) OR treatment for this lipid 
abnormality

Reduced high-density lipoprotein cholesterol level 
<40 mg/dL (<1.03 mmol/L) in men /<50 mg/dL (<1.29 
mmol/L) in women OR specific treatment for this lipid 
abnormality

Raised blood pressure 
Systolic >130 mm Hg/diastolic >85 mm Hg OR 
treatment of previously diagnosed hypertension

Raised fasting plasma glucose levelb 
Fasting plasma glucose level >100 mg/dL (>5.6 mmol/L) 
OR previously diagnosed type 2 diabetes

If >5.6 mmol/L or >100 mg/dL, oral glucose tolerance test 
is strongly recommended but is not necessary to define 
presence of syndrome

aIf body mass index is >30 kg/m2, central obesity can be 
assumed and waist circumference need not be measured. bIn 
clinical practice, impaired glucose tolerance is also acceptable, 
but all reports of prevalence of metabolic syndrome should use 
only fasting plasma glucose and presence of previously diag-
nosed diabetes to define hyperglycemia. Prevalence incorporat-
ing 2-hour glucose results can also be added as supplementary 
findings. Reproduced with permission from Alberti et al, 2005.2

Table II. Clinical Identification of the Metabolic 
Syndrome Using NCEP ATP III Criteria4

A diagnosis of the metabolic syndrome is made when ≥3 
of the risk determinants are present.

Risk Factor Defining Level

Fasting glucose ≥110 mg/dL

Blood pressure ≥130/85 mm Hg

Triglycerides ≥150 mg/dL

High-density lipoprotein 
cholesterol

<40 mg/dL (men)
<50 mg/dL (women)

Abdominal obesity Waist circumferencea

>102 cm (>40 in) (men)
>88 cm (>35 in) (women)

aSome males can develop multiple risk factors when the waist 
circumference is only marginally increased (eg, 94–102 cm, 
37–39 in). Such persons may have a strong genetic contribu-
tion to insulin resistance. Abbreviation: NCEP ATP III, Third 
Report of the National Cholesterol Education Program Expert 
Panel on Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults. Reprinted with permission from Third 
Report of the National Cholesterol Education Program (NCEP) 
Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults (Adult Treatment Panel III), 2002.5
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without22 (prevalence is as high as 70%–80% in 
patients with type 2 diabetes9). This strong associa-
tion, together with their cumulative risk for renal 
damage and CVD, makes aggressive control of Bp 
important in diabetic hypertensive patients. This 
is reflected in treatment guidelines, which recom-
mend aggressive targets of 130/80 mm hg.9,14

Bp is, however, difficult to control in this patient 
group, and these targets are often not achieved 
in everyday practice.16,23–26 Large trials such as 
the Anglo-Scandinavian Cardiac Outcomes Trial-
Blood pressure Lowering Arm (ASCOT-BpLA; 
figure 2),27 the Coronary Artery Calcification in 
Type 1 Diabetes (CACTi),28 the Candesartan and 
Lisinopril in hypertensive patients With Diabetes 
Study ii (CALM ii),29 and the international 
Verapamil Sr-Trandolapril Study (iNVeST)30 con-
firm that Bp control is often suboptimal in diabetic 
hypertensive patients. The results of NhANeS 
2003–2004 found that Bp control (<130/80 mm 
hg) was achieved in only 33.2% of treated hyper-
tensive diabetic individuals, a percentage substan-
tially lower than the Bp control rate for all treated 
hypertensive individuals.17 This low rate of control 
may be related to the fact that goal Bp levels were 
lowered in recent years. Diabetics require multiple 
therapies more frequently than nondiabetics to 
reach treatment goals, but physicians often seem 
reluctant to adjust the number and doses of medi-
cations to achieve the strict Bp targets.16,23

Evidence That Coexisting Diabetes 
Is Related to CV Outcomes
persons with coexisting hTN and diabetes have 
a greater prevalence of microalbuminuria; left 
ventricular structural and functional abnormali-
ties (including LVh); other CV risk factors, such 
as hyperlipidemia, hyperuricemia, and thrombotic 
tendency; and an increased incidence of stroke, 
coronary artery disease, congestive heart failure, 
peripheral artery disease, and CV mortality at 
every level of Bp.31,32 in the study by Weycker and 
associates1, the unadjusted risk of a CV event after 
6 years ranged from 18.4% to 22.0% for hyperten-
sives with coexisting diabetes compared with 7.5% 
to 12.0% for patients without diabetes.

The higher incidence of elevated nighttime Bp 
(nondipper status) occurring in diabetic patients 
may also be associated with increased TOD and 
mortality.33,34 hTN control in early diabetes seems 
to prevent the development of abnormal left ven-
tricular geometry35 and, together with tight glu-
cose control, reduces the risk of microalbuminuria 
and the rate of progression to end-stage renal 

disease.36 Clinical trial data from the hypertension 
Optimal Treatment (hOT; figure 3),37 heart 
Outcomes prevention evaluation (hOpe),38 and 
UK prevention Diabetes (UKpDS)36 trials indi-
cate that intensive Bp lowering to lower targets is 
beneficial in reducing the rate of CV events; small 
decreases in Bp are accompanied by substantial 
reductions in CV risk.

Choice of Antihypertensive Agent in 
Patients With Coexisting Diabetes
Achieving the recommended Bp control target of 
130/80 mm hg is difficult in clinical practice.39

Most patients will require multiple drugs to reach 
this goal, and this may lead to side effect and com-
pliance issues. Diabetic patients have a particular 

Figure 2. Blood pressure (BP) control in diabetic 
and nondiabetic patients participating in the Anglo-
Scandinavian Cardiac Outcomes Trial-Blood Pressure 
Lowering Arm (ASCOT-BPLA). The target BP was 
stricter for diabetic patients (<130/80 mm Hg) than for 
nondiabetic patients (<140/90 mm Hg).27 HTN indi-
cates hypertension; DM, diabetes; JNC VI, The sixth 
report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood 
Pressure. 

Figure 3. Major cardiovascular events in relation 
to target diastolic blood pressure (DBP) in patients 
with hypertension and type 2 diabetes (Hypertension 
Optimal Treatment [HOT] study; p for trend 
=.005).37,39 Reprinted from McInnes, 2004.39
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need for effective 24-hour Bp control. in addition to 
providing effective 24-hour Bp control, the antihy-
pertensive medications used should not exacerbate 
underlying metabolic abnormalities. b-Blockers and 
thiazide/thiazide-like diuretics should not generally 
be used as first-step therapy because they may wors-
en insulin resistance.9 in the Antihypertensive and 
Lipid-Lowering Treatment to prevent heart Attack 
Trial (ALLhAT), a diuretic-based treatment regimen 
with a b-blocker added achieved the same coronary 
heart disease outcome as a calcium channel blocker– 
or angiotensin-converting enzyme inhibitor–based 
program in diabetics or patients with the metabolic 
syndrome, but Bp differences occurred, and the rate 
of new-onset diabetes was increased overall with 
diuretics (diuretics, 11.6%; amlodipine, 9.8%; and 
lisinopril, 8.1%). rS blockers, such as angiotensin-
converting enzyme inhibitors and angiotensin recep-
tor blockers, are recommended due to their superi-
ority in slowing diabetic nephropathy.9 in studies, 
these drugs were almost always given with a diuretic 
for Bp control, such as in the large Action in Diabetes 
and Vascular Diseases, Modified release Controlled 
evaluation (ADVANCe) trial.40 The new direct 

renin inhibitor aliskiren offers an alternative way of 
blocking the rS and providing 24-hour Bp control 
in combination with a diuretic. results from the 
6-month Aliskiren in the evaluation of proteinuria 
in Diabetes (AVOiD) study in 599 hypertensive type 
2 diabetics with nephropathy indicate that aliskiren 
may offer additional renoprotective effects when 
added to recommended treatment with losartan and 
optimal antihypertensive therapy.41

HyPERLIPIDEMIA
BP Control in Hyperlipidemia
Various population studies suggest that more than 
50% of hypertensive patients also have dyslipi-
demia; these two conditions may be present in 
35% of Western european adults.42 in a study of 
hypertensive persons aged 35 years or older who are 
free from CVD, 24% of persons also had hyperlipi-
demia.1 prevalence rates vary between studies due 
to differing definitions of dyslipidemia. Guidelines 
recommend aggressive treatment of coexisting hTN 
and dyslipidemia, especially for patients who already 
have CVD,4,9 and there is evidence that hTN and 
hyperlipidemia are often suboptimally managed 
and available medications are underused.8,42,43 in 
fact, US epidemiologic data suggest that <10% of 
patients with concomitant hTN and dyslipidemia 
are at treatment target for both conditions.44 poor 
Bp control in hyperlipidemic patients may be due in 
part to low patient adherence and persistence with 
prescribed drug therapy or physician inertia.45

Evidence That Coexisting Hyperlipidemia Is Related 
to Poorer Morbidity and Mortality Outcomes
Studies indicate that patients with concomitant 
hTN and hyperlipidemia have a greater additive 
risk of CVD compared with patients who have 
either condition in isolation (figure 4).46 even rela-
tively small reductions in Bp and cholesterol levels 
can lead to reductions in the risk of CV events. An 
evaluation of strategies aimed at the prevention 
of CVD indicated that pharmacologic treatment 
of both hTN and dyslipidemia, resulting in 10% 
reductions in mean Bp and cholesterol, could 
reduce the incidence of CVD by 45%.47

Choice of Antihypertensive Agents in Patients  
With Coexisting Hyperlipidemia
Antihypertensive strategies should not exacerbate 
any underlying metabolic abnormalities. b-Blockers 
are reported to increase triglyceride levels and have 
been associated with new onset of type 2 diabe-
tes.48 recent guidelines, therefore, recommend that 
unless required by specific indications, b-blockers 

Figure 4. Relationship between relative risk of car-
diovascular disease (CVD) and rising cholesterol and 
systolic blood pressure (SBP) levels among 108,879 
French men younger than 55 years. Patients with SBP 
≥140 mm Hg and total cholesterol ≥200 mg/dL were 
classified as having hypertension and dyslipidemia, 
respectively.42,46 Reprinted from Cowie, 2005.42
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should be avoided in patients with the metabolic 
syndrome due to their potential adverse effects on 
the incidence of new-onset diabetes, body weight, 
insulin sensitivity, and lipid profile.9 Several trials 
have shown that the frequency of new-onset dia-
betes may be lower with angiotensin-converting 
enzyme inhibitors and angiotensin receptor blockers 
than with other medications,40,49,50 but the long-
term impact of this is still unclear.51 Most recently, 
analysis of the Valsartan Antihypertensive Long-
Term Use evaluation (VALUe) supports the view 
that new-onset diabetes is associated with increased 
incidence of congestive heart failure.52 Angiotensin-
converting enzyme inhibitor therapy is also reported 
to reduce the increased lipolysis in adipose tissue 
associated with insulin resistance in hypertensive 
patients with central obesity.53

ECONOMIC PERSPECTIVES
Analyses by the US Centers for Disease Control and 
prevention suggest that intensive management of 
glycemic control and dyslipidemia is generally less 
cost-effective than intensive hTN control, which is 
cost-saving.54 The authors concluded that intensi-
fied hTN control reduces costs and improves health 
outcomes relative to moderate hTN control.

Gilmer’s group55 used medical claim data from 
over 1600 diabetic patients in the United States to 
assess predictors of health care costs. Their analysis 
indicates that 3-year costs in patients with hTN 
and CV end organ damage were 300% greater than 
those with diabetes alone. This analysis could be 
used as a basis for calculating hypothetical cost-sav-
ings of specific antihypertensive strategies. Sesso’s 
group56 developed a CVD event Markov model to 
estimate the life expectancy benefits of Bp reduc-
tion. Their model incorporated both systolic and 
diastolic Bp as continuous variables, thus allowing 
for comparison of the relative impacts of different 
levels of Bp reduction. Using prospective data from 
more than 57,000 middle-aged and older persons, 
they provided evidence that Bp lowering reduces 
primary and secondary CVD events, thereby achiev-
ing substantial gains in life expectancy. This model 
could be adapted to provide estimates of the cost-
effectiveness of different Bp-lowering strategies, 
using cost per life-year saved as outcome measures.

CONCLUSIONS
Obesity, diabetes, and hyperlipidemia are common 
comorbidities in hTN. patients with these condi-
tions are at increased CV risk, making aggressive 
Bp control important. it is also believed that effec-
tive Bp control throughout the 24-hour period 

is an important goal. however, various studies 
suggest that hypertensive patients with these addi-
tional risk factors are more difficult to treat and 
more likely to require treatment with a combina-
tion of antihypertensive agents. Control of Bp at 
goal levels is often made more difficult to achieve 
because guidelines have set more stringent Bp 
targets in these populations. Thus, there is a need 
for effective and safe strategies to provide 24-hour 
control of Bp in hypertensive patients with coexist-
ing risk factors. Based on this evidence, guidelines 
now recommend that all patients with high and 
very high cardiovascular risk, such as patients 
with diabetes or comorbidities, should primar-
ily receive combination treatment with a 2-drug 
combination such as an angiotensin-converting 
enzyme inhibitor and a diuretic or calcium channel 
blocker or an angiotensin receptor blocker and a 
diuretic or calcium channel blocker. Nevertheless, 
b-blockers should be part of the combination 
therapy in patients with coronary heart dis-
ease, angina, and congestive heart failure. Most 
intriguing, in the Avoiding Cardiovascular events 
Through Combination Therapy in patients Living 
with Systolic hypertension (ACCOMpLiSh) trial 
(released at the American College of Cardiology 
meeting on March 31, 2008) in whom 60% of the 
patients had diabetes, the combination of an angio-
tensin-converting enzyme inhibitor and calcium 
channel blocker had a 20% risk reduction of the 
primary cardiovascular mortality and morbidity 
end point. Thus, tailored medication according to 
the comorbidities of each individual patient should 
be applied for Bp control, but medication should 
not exacerbate underlying metabolic abnormali-
ties and will need to demonstrate cost-savings in 
economic analyses.
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