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Cardiovascular disease accounts for 30% of mortality in the UK and the developed world 
and is the fastest increasing disease in the developing world, as its lifestyle increasingly 
conforms to that found in Western countries. As Chekhov wrote: ‘When a lot of rem-
edies are suggested for a disease, that means it can’t be cured’ and that remains true for 
the multiplicity of therapies required to treat cardiovascular disease and its antecedent 
risk factors. However, as Erasmus said ‘Prevention is better than cure’ and cardiovas-
cular disease is eminently preventable. Indeed as Benjamin Franklin later observed ‘an 
ounce of prevention is better than a pound of cure’ and it remains true today that for 
cardiovascular disease small preventative measures taken early in life can translate into 
vast benefits many years later and obviate the need for heroic curative therapies. General 
improvements in public health led to the start of the reduction of cardiovascular dis-
ease in the 1950s after its initial rapid increase that had started 20 years earlier and since 
then consistent progress has been made. Many countries have started systematically to 
attempt to prevent cardiometabolic disease through interventions to reduce smoking, 
improve diets, persuade people to reduce their weight and take more exercise and these 
are slowly bearing fruit yet there remain those in whom cardiometabolic disease has 
already become established. These patients now occupy the services of a multiplicity of 
medical specialties and professionals allied to medicine.

This handbook is intended for those with an interest in hyperlipidaemia and cardio-
vascular risk working either in primary or secondary care. It reflects our experiences of 
difficult cases we have seen in the lipid and prevention clinics in specialist primary and 
secondary care over the last two decades and we hope it provides some answers to those 
seeking strategies to manage more complex cases. In such a short book, it is not possible 
to be comprehensive and large specialist texts exist for the individual management of 
lipid disorders, hypertension, obesity and diabetes. We hope, however, to provide a good 
general introduction to these cases and prompt those interested to investigate further 
using the extensive bibliographic and electronic resources now available, with starting 
points provided in the further reading section following each case description.

Anthony Wierzbicki
Guy’s & St Thomas’ Hospitals

London

Preface
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Cardiac Outcomes and Regulation 
of Glycaemia in Diabetes study

RELY Randomized Evaluation of Long-
Term Anticoagulation Therapy

RENAAL Reduction of Endpoints in 
NIDDM with the Angiotensin II 
Antagonist Losartan trial

RF renal failure
rhEPO recombinant human 

erythropoietin
ROSIER Recognition of Stroke In the 

Emergency Room scale
ROS reactive oxygen species
RR relative risk
RRR relative risk reduction
RUTH Raloxifene Use for The Heart study
RXR retinoid X receptor
SAFARI Simvastatin Plus Fenofibrate for 

Combined Hyperlipidemia trial
SALTIRE Scottish Aortic Stenosis and 

Lipid Lowering Trial, Impact on 
Regression study

SB Simon Broome criteria
SBP systolic blood pressure
SCORE Systematic Coronary Risk 

Evaluation
SCOUT Sibutramine Cardiovascular 

Outcomes Trial
SD standard deviation
SDH succinate dehydrogenase
SEARCH Study of the Effectiveness 

of Additional Reductions in 
Cholesterol and Homocysteine

SEAS Simvastatin and Ezetimibe in 
Aortic Stenosis trial
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SHARP Study of Heart and Renal 
Protection trial

SHBG sex hormone-binding globulin
SHIM Sexual Health in Men 

questionnaire
SIGN Scottish InterCollegiate Guideline 

Network
SLE systemic lupus erythematosus
SOLAR Study of Lescol [fluvastatin] in 

Acute Rejection trial
SOLVD Studies of Left Ventricular 

Dysfunction trial
SPARCL Stroke Prevention by Aggressive 

Reduction in Cholesterol Levels 
trial

SPORTIF Stroke Prevention using an ORal 
Thrombin Inhibitor in atrial 
Fibrillation trial

SREBP-2 Sterol Regulatory Element-Binding 
Protein-2

STARS St Thomas Atherosclerosis 
Regression Study

STOP-NIDDM Study to Prevent Non Insulin 
Dependent Diabetes Mellitus

STSL sitosterolaemia
SU sulfonylurea
T2DM type 2 diabetes mellitus
TARA Trial of Atorvastatin in 

Rheumatoid Arthritis
TASS Ticlopidine Aspirin Stroke Study
TC total cholesterol
TG triglycerides
TGC tight glycaemic control
THRIVE-HPS3 Treatment of HDL to Reduce the 

Incidence of Vascular Events
TIA transient ischaemic attack
TIMP-1 tissue inhibitor of 

metalloproteinase I
TMG trimethylglycine
TN true negative
TnT Treatment to new Targets study

TOMHS Treatment of Mild Hypertension 
Study

TP true positive
TREND Trial on Reversing Endothelial 

Dysfunction
TRIPOD Troglitazone in Prevention of 

Diabetes study
TRITON Therapeutic Outcomes by 
(TIMI)  Optimizing Platelet Inhibition 

with Prasugrel – Thrombolysis in 
Myocardial Infarction trial

TSH thyroid-stimulating hormone
TZD thiazolidinedione
UCDA ursodeoxycholic acid
UGT uridine 5′-diphosphate-

glucuronosyltransferase
UK-HARP UK Heart and Renal Protection 

study
UKPDS UK Prospective Diabetes Study
uPCR urine protein–creatinine
VA-HIT Veterans Administration HDL 

Intervention Trial
V-HeFT Vasodilator Heart Failure Trial
VALUE Valsartan Antihypertensive Long-

term Use Evaluation trial
VHL von Hippel-Lindau disease
VISP Vitamin Intervention for Stroke 

Prevention study
VLDL very-low-density lipoprotein
WENBIT Western Norway B Vitamin 

Intervention Trial
WHI Women’s Health Initiative
WHO World Health Organization
WISE Women’s Ischemia Syndrome 

Evaluation
WOSCOPS West of Scotland Coronary 

Outcomes Prevention Study
WPW Wolff-Parkinson-White syndrome
XENDOS XENical in the prevention of 

Diabetes in Obese Subjects trial
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Case History
A 57-year old man was referred to the lipid clinic. He had no history of cardiovascular 
disease (CVD) but had requested a consultation because his cholesterol was ‘high’ and 
his father had died of a myocardial infarction at age 60, having suffered with angina 
since age 56. His mother had lived until age 77 before succumbing to long-standing lung 
disease. He was a lifelong non-smoker, unlike his father who had smoked 60 cigarettes 
per day since a very young age. His diet was very good, with a minimum of saturated 
fat intake – he did not use milk or butter, bought a brand of polyunsaturated margarine 
that did not contain any trans-saturated fats, and had moderate alcohol intake (8 units/
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§01 Primary Prevention2

week). Physically he was very well with no cardiovascular, respiratory or gastrointestinal 
symptoms of note. His only regular drug prescription was for a migraine tablet, which he 
only took when needed. On examination there were no remarkable findings and blood 
pressure was 135/76. His laboratory results revealed total cholesterol 6.8 mmol/l, high-
density lipoprotein cholesterol (HDL-C) 1.3 mmol/l, triglycerides 1.9 mmol/l, calculated 
low-density lipoprotein cholesterol 4.6 mmol/l and total cholesterol/HDL ratio 5.2. His 
10-year coronary heart disease risk calculated using Framingham parameters was 11% 
(http://hp2010.nhlbihin.net/atpiii/calculator.asp?usertype=prof). Only one lipid result 
was available so he was reassured but asked to provide two more samples for lipid profile 
so that a definitive risk could be calculated (guidance recommends that at least the 
average of two lipid results should be used for the calculation). He was asked to return in 
3 months time for a review.
 He returned for his 3-month review with the news that 2 weeks earlier he had suffered 
a transient ischaemic attack that had affected his speech for 2 hours. A subsequent 
urgent carotid ultrasound scan revealed 80% stenosis in his left carotid artery and 65% 
stenosis in the right carotid. He was scheduled for endarterectomy in 2 weeks time. 
Consequently, a statin was prescribed and at his next visit, his laboratory results were: 
total cholesterol 4.0 mmol/l, HDL-cholesterol 1.2 mmol/l, triglycerides 1.2 mmol/l, 
calculated low-density lipoprotein cholesterol 2.3 mmol/l, total cholesterol/HDL ratio 3.3, 
but alanine aminotransferase had increased from 47 to 88 IU/l.

Background
This case relates to the difficulty of assessing risk (Figure 1.1). On the face of it, he is a life-
long non-smoker with normal blood pressure and a relatively unremarkable lipid profile 
with a consequently low risk of CVD (11%/10 years) who underwent a significant event 
only a few weeks after assessment. Does this mean the assessment was incorrect? No. This 
patient had no previous history of cardiovascular events and was well below the threshold 
for offering lipid-lowering drug therapy. Even with a low 11% risk, there is still a risk of 
an event occurring. Assuming risk is equally distributed across a 10-year period, approxi-
mately 1% of patients given a low-risk result will suffer a CVD event within 12 months of 
being given that risk estimate. The reason is that risk assessment applies population data 
to an individual, but it cannot identify those particular individuals at high immediate 
risk. We are therefore left with questions about whether extra detail or information can 
improve the estimation of risk.

In this case, only a single lipid measurement was available at the outset and the patient 
was referred for repeat analyses over a period of a few weeks, with the intention that his 
risk would be re-evaluated when more data were available. The National Cholesterol 
Education Program (NCEP III) guidelines recommend that cholesterol should be meas-
ured at least twice and the average value used to calculate risk estimates, but is this suf-
ficient? Population simulation studies show that the imprecision in estimating coronary 
heart disease risk is immense. In this case where only a single lipid and blood pressure result 
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was available, the 95% confidence intervals for risk estimates would be ±5.1%, ±6.0% and 
±6.9% at 15%, 20% and 30% risk thresholds respectively (Figure 1.2). Duplicate estima-
tion as recommended by NCEP reduces this range to ±3.6%, ±4.2% and ±4.9% respec-
tively, and additional increases in the number of estimates further improve the situation. 
However, it is not until nine replicates have been carried out that the amount of improve-
ment with each replicate becomes so small as to be probably insignificant. The impor-

Patient at risk 

TC>7.5 mmol/L  
FHx IHD < 60 years 

Glucose >8.4 
mmol/L

Do not risk assess: 
See FH pathway 
Treat all diabetes as high 
risk 

Exclude secondary causes: 
TSH, LFTs, glucose
Measure random TG & TC, HbA1c 

Repeat fasting lipids
Measure BP  

Risk assess:
Framingham:
age, gender, smoking, 
TC: HDL ratio; SBP,
ECG-LVH  

Risk assess QRISK®:
Age, gender, smoking,
BMI, TC: HDL ratio,
AF, FHx IHD, Townsend
score 

Risk assess: Reynolds:
age, gender, smoking,
TC: HDL ratio; SBP,
FHx IHD, CRP 

Optional secondary risk stratification:
Use of CRP (×2; 1 month apart); carotid IMT, coronary
calcium score 

Modify risk for
ethnicity, FHx IHD  

Commence treatment:
Lifestyle measures:
reduce weight, increase
exercise, stop smoking 

Treat with BP drug or statin if
CVD risk >20%/decade 

No

Yes

Figure 1.1 Risk assessment algorithm.
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tance of this result should not be underestimated: using single point data and the 30% risk 
threshold for treatment, as many as 20% of patients who receive lipid treatment may actu-
ally be below the threshold for treatment, while 30% of those who should receive treatment 
would not. It is therefore essential that when evaluating a patient for primary prevention 
of lipid-related cardiac risk, repeat analyses are carried out before treatment is initiated.

It may be considered pertinent to ask whether an alternative risk assessment tool 
would be more effective. This is again a difficult question to answer. There are many 
different assessment methods but few of these are effective. However, a key insight is 
provided by the Framingham study that shows that if <3 CVD risk factors are present at 
age 50 then the lifetime risk is low (Figure 1.3). One study compared the effectiveness of a 
range of different assessment tools on a lipid-clinic-derived population and showed that 
there were significant differences in the numbers of patients identified by each tool. This 
was used to develop a new ostensibly Framingham-based algorithm that had very high 
detection of patients who warranted lipid lowering. However, when this tool was com-
pared with Framingham calculated risk and a third risk algorithm, it was demonstrated 
that concordance between different risk assessment algorithms is also of paramount 
importance. Another study evaluating the variety of risk algorithms also concluded there 
was little evidence of accuracy and, furthermore, that Framingham-based risk scoring 
overestimates risk in low-risk European populations. Therefore, to ensure equity of care, 
it is essential that an agreed standard risk algorithm is applied, otherwise by picking and 
choosing which risk estimate to believe, patients could be under/overtreated depending 
on which algorithm was used to derive their risk.

If we use a standard risk factor method, can we improve this by adding extra risk fac-
tors? Statisticians commonly state that addition of extra data will always improve risk 
estimation. However, this may not be entirely true: many factors have been shown to 
be present in patients’ serum with CVD at different concentrations to that in unaffected 
individuals: C-reactive protein (CRP), D-dimers, E-selectin homocysteine, intercellular 
adhesion molecule-1, interleukin-6, matrix metalloproteinase-1, plasminogen inhibitor 
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Figure 1.2 Confidence intervals of Framingham risk estimates based on single (solid line) and triple 
(dotted line) determinations of underlying risk factors (reproduced with permission from Reynolds TM et al. 
J Cardiovasc Risk 2002; 9: 183–90).
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01 Assessment of cardiovascular risk 5

activator-1, phospholipase A2, soluble thrombomodulin, tissue inhibitor of metallopro-
teinase-1 and tissue plasminogen activator, among others have all been evaluated unsuc-
cessfully to identify whether they add to detection. One marker in particular (CRP) has 
been subjected to a great deal of research but despite earlier promising reports, recent find-
ings suggest that initial positive impressions were slightly over-stated though the presence 
of inflammation does increase CVD risk. It now appears that, whereas one would expect 
that gene polymorphisms that govern basal CRP concentration would affect the conclu-
sions of studies of high-sensitivity CRP assays in CVD, this is not the case. Consequently, 
it is necessary for us to continue using the risk assessment methods that are currently vali-
dated, despite their obvious inadequacies, until something better can be proven to work.

Recent Developments
1 Most cardiovascular risk calculators are based on epidemiological studies dating from 

the 1970s and 1980s and give only 5-year not lifetime risk predictions. They also tended 
to recruit small populations, and hence certain risk groups were under-represented 
(e.g. diabetes). Over the years, definitions of many risk factor cut-off levels have 
evolved so that both hypertension and diabetes are diagnosed at lower cut-off levels 
than before. In the case of diabetes this change has not been included in the risk cal-
culators meaning that the Framingham algorithm will tend to over-predict risk in this 
group. However, in practice Framingham significantly under-predicts risk in type 2 
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Figure 1.3 The risk of lifetime coronary heart disease events associated with different number of risk 
factors as assessed at age 50 (reproduced with permission from Lloyd-Jones DM et al. Circulation 2006; 113: 
791–8).
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diabetes due to the small number of patients with diabetes in the original study. Other 
risk calculators are mostly based on men (Munster Heart Study) or never really devel-
oped (Multiple Risk Factor Intervention Study). The Framingham group developed a 
specific risk calculator for stroke and the UK Prevention of Diabetes Study was used to 
derive a type 2 diabetes-specific risk scoring system.

2 Given the limitations of the risk factors included in the risk algorithms, adjustments 
are made for factors such as obesity, the metabolic syndrome or family history of 
early coronary heart disease by arbitrary means. Similarly, coronary heart disease is 
arbitrarily translated into CVD risk by multiplication ignoring the differential risk 
factor burden for stroke (and peripheral arterial disease). Recently adjustments to the 
standard Framingham risk equation have been proposed for Indian Asian subgroups 
and for other populations in Europe.

3 Owing to changes in risk factor prevalences and lifestyles, the Framingham calculator 
over-predicts risk in the general population by 30% and significantly over-predicts in 
southern European populations. Attempts have been made to derive other risk calcu-
lators (e.g. the Systematic Coronary Risk Evaluation (SCORE) project for Europe and 
most recently a UK-based initiative utilizing data from General Practice databases). 
The QRISK® calculator contains the common cardiovascular risk factors but also 
includes a deprivation index based on household income from the national census. 
Like many calculators, it interpolates data where it is not available. The use of dep-
rivation scores is a novel attempt to include the excess risk associated with poverty, 
which in many cases may represent extra inflammatory disease burden. The QRISK® 
algorithm unlike others except for Framingham has been validated in another larger 
UK data set. While the common features of QRISK® may enable it to be useful in 
other populations whether the use of non-UK data for deprivation will be useful in 
other populations is an open question.

Conclusion
P Cardiovascular risk assessment should be done in all patients with cardiovascular risk 

factors being considered for treatment except those with established CVD, diabetes 
and genetic hyperlipidaemias.

P Cardiovascular risk assessment requires multiple measurements of risk factors and is 
only broadly accurate.

P There is a place for supplementing cardiovascular risk assessments with direct meas-
urements of atheroma burden in equivocal cases.
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2   Morbid Obesity

P R O B L E M

Case History
A 55-year-old woman presented for assessment of cardiovascular risk. She weighed 
145 kg (body mass index [BMI] 53 kg/m2; waist circumference 140 cm) and with a family 
history of coronary heart disease in a brother aged 55 (who was also a smoker). She gave a 
history of intermittent chest pain and tachycardia. Her blood pressure was 138/90 mmHg 
(large cuff) and lipid profile: total cholesterol 6.5 mmol/l; triglycerides 1.5 mmol/l; high-
density lipoprotein cholesterol 1.45 mmol/l and low-density lipoprotein cholesterol 
4.30 mmol/l; apolipoprotein A1 1.65 g/l and apolipoprotein B 1.24 g/l. Her C-reactive 
protein was 2.3 mg/l. Formal measurement of insulin resistance showed glucose 
5.2 mmol/l and insulin 90 pmol/l; homeostasis index (HOMA 1.43; normal range <2.70). 
Her transaminases (alanine aminotransferase 25 IU/l; aspartate transaminase 15 IU/l) and 
gamma-glutamyl transferase (22 IU/l) were minimally elevated by gastroenterological 
criteria but within the commonly cited normal ranges. Urine albumin/creatinine ratio was 
0.4 µg/mg creatinine. She was a non-smoker, and drank no alcohol. Her history of weight 
gain was that she was a ‘chubby’ child, weighed 70 kg (11 stone) at age 11; 100 kg (18 
stone) at age 18 and gained 7 kg with each of her three pregnancies. Her peak weight had 
been 155 kg. She did not have any gestational diabetes or hypertension associated with 
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any of her pregnancies. There was a family history of similar obesity in her mother but not 
in any of her three sibs.

She said her diet was good, denied eating snack foods, chocolate, savoury foods, take-
away or TV dinner type meals and stated that her only indulgence was bread.

Further questioning revealed that she suffered from mild intermittent indigestion, pain in 
her back and left knee, but had no right upper quadrant abdominal pains. She slept badly 
when using three pillows; often woke during the night on two to three occasions, was 
prone to daytime somnolence and had been told she snored heavily. She had end-of-day-
dependent oedema but never developed permanent ankle swelling, or arterial or venous 
skin ulceration. An ECG was difficult to interpret due to low voltages but showed only 
intermittent P waves.

Is this patient at high risk of cardiovascular disease?

What risk factors occur in patients with morbid obesity?

How should her obesity be managed?

Background
Patients with morbid obesity are not necessarily at high cardiovascular risk. Additional 
risk follows from the presence of metabolic syndrome (Chapter 3), depression, sleep 
apnoea and atrial fibrillation (Chapter 21). Complications of obesity can be divided into 
the mechanical and the metabolic (Figure 2.1).

Sleep apnoea syndrome occupies an intermediate position as it has both mechani-
cal and physiological effects. Mechanically it causes the familiar symptoms described 
above and can be ameliorated by continuous positive airway pressure therapy or surgery. 
Physiologically, sleep apnoea syndrome is associated with hypertension, loss of nocturnal 
blood pressure dipping, acute hypoxia and sudden apnoeic death. Its presence is associ-
ated with 1.45-fold excess of cardiovascular events with a greater incidence of atrial fibril-
lation and stroke.

Mechanical complications can be dramatically improved and cardiovascular events 
can be reduced by 57% by bariatric surgery where achieved weight loss averages 23%.

No trials have assessed the success of pharmacological therapy in patients with morbid 
obesity though at lower BMIs (28–40) a number of drugs have been effective including orli-
stat, sibutramine (withdrawn 2010) and rimonabant (withdrawn 2009) over a 2-year period.

Differential diagnosis
The differential diagnosis relates to her secondary cardiovascular risk factors. This could 
include:

1 metabolic syndrome and insulin resistance
2 sleep apnoea syndrome
3 atrial fibrillation.
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02 Morbid obesity 9

Management
The patient is morbidly obese (BMI >40 kg/m2) and has secondary complications of 
obesity, including osteoarthritis, reflux oesophagitis and probable sleep apnoea syn-
drome. The latter needs formal assessment through an Epworth score, oximetry and if 
showing desaturation and hypercapnia formal sleep studies (see Table 2.1 and bariatric 
pathway, Figure 2.1). She does not have metabolic syndrome, because even though her 
waist circumference has increased, all the other components (except C-reactive protein – 
a non-core component) are within the accepted ranges.

Medical
assessment 

Surgical
assessment 

Psychological review 

Dietetic assessment 

Respiratory assessment, e.g.
obstructive sleep apnoea

Invasive
ventilation

Outpatient
CPAP

No intervention
needed

Multidisciplinary team review  

Surgical pre-operative review 

Operation 

Nursing (surgical) review

Surgical review appointments

Community dietetic review 

Diabetic-
obesity unit 
assessment  

Diabetes nurse 
review 

Diabetes
team review 

Medical
obesity
review

Intragastric
balloon 

Pre-anaesthetic review  

Gastroentero-
logy team 
review 

Nurse lifestyle review 

Dietetic
reviews

Patient entry 

Figure 2.1 Complications of obesity: mechanical and metabolic.
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Table 2.1 Obesity staging criteria

Criterion Stage 0 Stage 1 Stage 2 Stage 3

A Airways/
Apnoea

Normal, and Epworth 
<10

Epworth ³10
Apnea–Hypopnea Index 
5–20

Uses CPAP
AHI >20

Cor pulmonale
Obesity 
hypoventilation 
syndrome

B Body mass 
index and waist 
circumference

<35 kg/m2 (WHO I) and 
waist <102 cm (M) 
<88 cm (F)

35–40 kg/m2 (WHO II) 
or waist ≥102 cm (M) 
≥88 cm (F)

40–50 kg/m2 (WHO 
III)

>50 kg/m2

Superobese

C Cardiovascular  risk CVD risk <10% over 
10 years

CVD ≥10% over 10 years Stable established 
IHD, or CCF NYHA I–II

Severe angina, or CCF 
NYHA III-IV

D Diabetes Normal IFG/IGT, or previous 
GDM, or HOMA-IR >3.0

T2DM Uncontrolled T2DM, 
or Insulin-requiring

E Economic 
complications

No effects Financial impact of 
obesity (travel, clothes)

Workplace 
disadvantage

Unemployed, or 
Financial effect on 
3rd party, or Receiving 
benefits

F Functional 
status and 
musculoskeletal

No limitation Limitation on work or 
recreation

3rd party assistance 
for ADL or for 
dependants

Housebound or 
wheelchair dependent

G Gonadal and 
reproductive axis

Normal sexual and 
reproductive function

Polycystic ovary 
syndrome
Low testosterone (men)

Infertility
Impaired sexual 
function

Marital/relationship 
breakdown due to 
obesity

H Health status 
(perceived) and 
stages of change

Follows behavioural 
recommendations
‘Maintenance phase’

Just started or preparing 
for lifestyle change
‘Preparation/Action’

Adequately informed 
and concerned 
about future: 
‘contemplative’

Indifferent
No willingness for 
change
‘Precontemplative’

I Body Image/Eating 
behaviour

No concern
Normal eating pattern
Good quality diet

Comfort eating
Inappropriate eating 
cues
Mild body image 
dysphoria

Severe body image 
dysphoria
Night eating disorder
Mild–moderate 
depression

Binge eating disorder
Bulimia; social phobia
Severe depression

O Other medical 
complications

No other complications Complications with low 
degree of morbidity

Significant morbidity 
from additional 
complications

Life or independence 
threatened (e.g. IIH)

Reproduced with the permission of Dr Simon Aylwin; King’s College Hospital, London, UK.

The diagnosis of atrial fibrillation is difficult. Often ECG voltages are attenuated by fat 
and the same problem affects 24-hour Holter monitoring. Blood pressure measurement 
is often impossible by automated aneroid methods and has to be performed manually. 
Transthoracic echocardiography is again difficult while trans-oesophageal echocardiog-
raphy carries excess risk. The patient is often too large for exercise testing as well as being 
limited by weight-induced shortness of breath and/or asthma; thallium scanning or stress 
echocardiography are limited by bulk.

Management in a patient with BMI >40 and obesity risk factors is preferably by bariatric 
surgical intervention (see pathway, Figure 2.1). However, this requires detailed dietetic 
advice and assessment, psychiatric/psychological assessment, anaesthetic and gastroenter-
ological review (including endoscopy). Only 50% of patients are suitable for bariatric sur-
gery. Where performed, laparoscopic banding delivers a 25% (50% excess) weight loss at 
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low anaesthetic risk (<1%) while pancreatic biliary diversion gives a 30–35% weight loss at 
higher risk of complications (2–3%). Failure rates are higher for laparoscopic banding and 
patients need to be kept under review for signs of gastric obstruction due to band slippage.

Pharmacological measures are usually only used as short-term expedients in these 
cases. A dietetic review is essential and the commonest pattern is of general excess intake 
with high-energy density food (e.g. pizza). Many patients show a high carbohydrate 
rather than a high saturated fat diet. Therapy should be instituted by ascertainment 
of weight-loss expectations. Often these are unrealistic (>50%): 5–10% is the average 
with diet and drugs, intragastric balloon insertion 10–15% and surgery gives 25–30%. 
Patients should be encouraged to go on to their preferred calorie counting diet (e.g. 
WeightWatchers) as they often have considerable experience of diets and the resultant 
weight cycling (and increase) with the aim of reducing calories intake by 500–600 kcal/
day. Meal replacements (e.g. SlimFast) also have a role but in aggressive therapy with a 
calorie count of 1200 kcal/day being the maximum that should be allowed.

Three weight-loss drugs were available until recently. All showed some utility in 70% 
of patients though compliance rates are poor in obese populations in trials.

1 Orlistat, a gastric lipase inhibitor, is useful for patients whose diets are rich in satu-
rated fat. It is primarily an aversion aid through its gastroenterological side-effects to 
reinforce dietary advice. It does not work in patients on high carbohydrate diets.

2 Sibutramine was a serotonin/noradrenaline reuptake inhibitor. It was contraindi-
cated in patients on serotonin reuptake inhibitors for depression. It acted as a central 
appetite suppressant but had pressor actions on blood pressure (+4/2 mmHg) and 
heart rate (+5 bpm). Its hypertensive actions could be covered by appropriate anti-
hypertensive therapy (e.g. an angiotensin-converting inhibitor inhibitor). b-blockers 
are not ideal as they also block the b3 adrenergic receptors involved in lipolysis, 
which are partially responsible for the action of sibutramine.

3 Rimonabant was an endocannabinoid type 1 receptor antagonist. It acted centrally to 
reduce appetite and pleasure from food (sugar/fat highs) and peripherally to reduce 
adipose and hepatic signalling. It had secondary beneficial effects on lipids (triglyc-
erides reduced 25% and high-density lipoprotein cholesterol increased 10%) and 
glycaemia in diabetes (–0.7%) and a small benefit on blood pressure (2/1 mmHg). Its 
main side-effects were nausea, and in particular depression. Reports of suicidal feel-
ings and suicide induced by this agent led to its withdrawal.

Recent Developments
1 Registry studies of bariatric surgery have shown that surgical intervention reduces 

the incidence of diabetes by 75%, sleep apnoea by 50% and total mortality in Swedish 
Obesity Survey data. Bariatric surgery is now recommended in many guidelines for 
patients with BMI >40 kg/m2 with risk factors and all guidelines recognize it as the 
primary management strategy in patients with BMI >50 kg/m2.

2 The XENical in the prevention of Diabetes in Obese Subjects (XENDOS) trial showed 
a 2.8 kg weight loss with orlistat reduced the incidence of new type 2 diabetes by 43%.

3 Sibutramine was a noradrenaline–serotonin reuptake inhibitor that delivered a 10% 
weight reduction in early trials but also caused tachycardia and tachypnoea. Its action 
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was partly medicated by b3 adrenergic activation of human brown fat metabolism – a 
response that could be inhibited by b-blockers. In the Sibutramine Cardiovascular 
Outcomes Trial (SCOUT) of obese patients with coronary heart disease, an excess of 
events was seen with sibutramine and the drug was withdrawn in 2010.

4 The type 1 endocannabinoid (CB1) antagonist rimonabant reduced weight by 10% 
in early trials but was known to cause depression. The cardiovascular outcomes trial 
with rimonabant (Comprehensive Rimonabant Evaluation Study of Cardiovascular 
ENDpoints and Outcomes or CRESCENDO) was terminated due to excess suicide 
in the rimonabant arm and the drug withdrawn in 2009. Water-soluble derivatives of 
rimonabant are under investigation as weight-loss agents without central side-effects.

5 Many novel compounds are in development to induce weight loss or to improve 
weight maintenance, including drugs targeting pre-opioid melanocortin pathway, 
combinations of bupropion and naltrexone (Contrave) topiramate-phenteramine 
(Qnexa), and lorcaserin – a serotonin type 2c receptor agonist – which gave a 3.6 kg 
extra weight reduction at 1 year.

Conclusion
P Cardiometabolic risk in obesity correlates with the degree and extent of metabolic 

abnormalities not BMI.
P Dietary and drug therapies are limited in their effectiveness but may be successful in 

severe, though not morbid, obesity in preventing cardiometabolic complications.
P Bariatric surgery is the option of choice for morbid obesity and reduces morbidity 

and mortality in this condition.
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Case History
A 55-year-old man has an insurance medical and the form asks for assessment of the 
risk of diabetes and asks questions about his height, weight, clothing sizes as well as for 
results of any blood tests performed in the last 5 years. He is rather confused about how 
risk can be identified from these measurements and what significance the estimated risk 
has.

What is the significance of the metabolic syndrome?

What are the features of the metabolic syndrome?

How can the metabolic syndrome be used to predict risk of disease?

How should it be treated?

Background
Gerry Reaven described insulin resistance syndrome as a constellation of clustered risk 
factors in his 1984 Banting Lecture. The basic features of the syndrome involved insulin 
resistance as defined by reference techniques such as euglycaemic clamp, estimation of 
triglycerides and high-density lipoprotein cholesterol (HDL-C), systolic blood pressure 
and fasting glucose. Others developed the concept further and a number of definitions 
have been proposed by the World Health Organization (WHO), European Group for 
the Study of Insulin Resistance (EGIRS), the National Cholesterol Education Program 
(NCEP) with later modifications by the American Diabetes and Clinical Endocrine 
Associations and, recently, as a result of a consensus conference the International 
Diabetes Federation (IDF).

The syndrome has evolved as epidemiological studies have reported. The original defi-
nitions used body mass index (BMI) but this is a relatively poor indicator of obesity given 
the equivalence of large muscle mass with excess fat mass in this measurement. In addi-
tion, studies such as the Womens Health Initiative showed that waist circumference pre-
dicted risk of diabetes more effectively than BMI. Thus, more recent metabolic syndrome 
definitions feature waist circumference as the prime determinant of obesity. However, it 
should be noted that in certain populations (e.g. Indian Asians) fat cells are widely dis-
tributed about the body, including inside muscles so body mass may be a better indicator 
in these subgroups.

A number of biochemical factors are associated with insulin resistance. Classically 
both triglycerides and HDL-C are monitored as the insulin resistance syndrome is associ-
ated with increased fasting triglycerides and reduced HDL-C levels through overactivity 

3   Metabolic Syndrome

P R O B L E M
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of cholesterol ester transfer protein and hepatic lipase and underactivity of lipoprotein 
lipase. The ratio of triglycerides to HDL-C expressed either directly or as a logarithm is 
often referred to as the ‘atherogenic index’. This can be combined with waist circumfer-
ence measurements to derive the concept of the ‘atherogenic waist’. The lipid abnormali-
ties are closely correlated with plasminogen activator inhibitor-1 levels, which correlate 
closely with triglycerides and with quantities of apolipoprotein (apo) C3 containing lipo-
proteins referred to as triglyceride-rich remnants. Thus metabolic syndrome is directly 
related to hypercoagulability and impaired thrombolysis. The apoC3 lipoproteins include 
both chylomicrons and very-low-density (VLDL) and intermediate density lipoproteins 
(IDL) and the ratio of apoC3/apoE or apoB100 can be used to derive atherogenic indices 
for lipoprotein fractions.

ApoC3 is relevant to the pathogenesis of the atherogenic phenotype as it directly 
inhibits the activation of lipoprotein lipase. In addition to these changes the lipoprotein 
profile shows profound alterations in particle size. Thus, small dense VLDL, LDL and 
HDL are typically found as a result of particle remodelling and can be identified and 
quantified by a number of techniques, including gradient ultracentrifugation, gradient 
gel electrophoresis and nuclear magnetic resonance particle sizing. Particle numbers are 
elevated compared with lipid (e.g. cholesterol) levels and due to secondary structural 
changes, particularly in the domain structure of apoB100, often exceed those measured 
indirectly by antibody-based methods (e.g. nephelometry).

Though commonly fasting determinations are made, patients with the metabolic 
syndrome show profound impairment of clearance of triglyceride-rich remnants and 
thus a case can be made for post-prandial measurement of lipid levels. This is difficult 
to standardize in the absence of test meals but theoretically should not be a barrier to 
the diagnosis of metabolic syndrome. The post-prandial lipid profile is a manifesta-
tion of the insulin resistance and altered insulin secretion kinetics seen in metabolic 
syndrome. Thus, patients with metabolic syndrome typically show delayed secretion of 
insulin but ultimately enhanced plasma insulin levels. Fasting plasma insulin is one of 
the strongest correlates with atherogenic lipoprotein levels but is rarely measured. Levels 
over the 95th centile form part of the core definition of the metabolic syndrome both in 
WHO and EGIRS. When combined with fasting glucose levels, indices of insulin resist-
ance and b-cell function can be derived using equations such as the homeostasis index 
(HOMA) or QuickI. These measures are approximations and subject to wide variation. 
Commonly, however, only fasting plasma glucose levels are measured. This leads to dif-
ficulties in the assessment of the metabolic syndrome as cut-offs vary. The original NCEP 
cut-off of 6.1 mmol/l was too high and led to an under-representation of dys glycaemia 
relative to other abnormalities in patients diagnosed with the metabolic syndrome so 
other guidelines (e.g. American Diabetes Association or American Association of Clinical 
Endocrinologists) re-set this to 5.6 mmol/l (100 mg/dl). This change markedly increased 
the numbers of patients with relative dysglycaemia. However, again plasma glucose is 
subject to wide variation and a case could be made for use of more stable chronic meas-
ures such as haemoglobin A1c as used in the European Prospective Investigation into 
Cancer (EPIC)-Norfolk study. No internationally accepted definitions of metabolic syn-
drome use this more stable measure as yet. One of the problems of ‘spot’ measurement of 
glucose is that it overestimates pancreatic insulin reserve. Thus a proportion (up to 25%) 
of patients challenged with a standard 75 g correctly performed oral glucose tolerance 
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test (OGTT) with normal/mildly impaired fasting glucose are found to have type 2 dia-
betes or impaired glucose tolerance. The excess of new diabetes cases found by OGTT in 
patients with myocardial infarction in the Diabetes Epidemiology: Collaborative analy-
sis of Diagnostic criteria in Europe (DECODE) study was 25% and their prognosis was 
identical to patients with previously diagnosed type 2 diabetes. The simultaneous meas-
urement of insulin and glucose during the OGTT is by far the best approximation of the 
euglycaemic glucose clamp that is available in routine clinical practice.

Hypertension is usually ascribed to the metabolic syndrome but this is controversial. 
Studies in twins and the Kaiser Permanente study, which have used factor analysis to 
delineate various co-segregating grouped components, typically find hypertension out-
side the core factor groups comprising insulin–glucose–weight and lipids–plasmino-
gen activator inhibitor-1–uric acid. As there is no consensus on how to conduct factor 
analyses these are not commonly cited and hypertension is still assessed as one of the 
core components. There is also research linking hyperuricaemia with hypertension, 
which may account for its association with the metabolic part of insulin resistance syn-
drome. Secondary to the inclusion of hypertension, measures of target organ damage and 
endothelial dysfunction, which are commonly found in the metabolic syndrome, have 
also been used in some definitions of the metabolic syndrome. Thus, WHO and EGIRS 
both included microalbuminuria in addition to hypertension in the core definition.

Given the extensive epidemiology of insulin resistance a number of risk calculators 
have been proposed. These include calculators for diabetes risk based on the Insulin 
Resistance and Atherosclerosis Study (IRAS) and the Bogolusa cohort study of Hispanic 
Americans. Very few systematic validations or assessments have been performed of these 
diabetes risk calculators although given the large variances in the underlying biochemical 
and physiological parameters it has been suggested that age, gender and BMI may offer 
equal predictive value.

It is often suggested that metabolic syndrome is a significant risk factor for cardiovas-
cular disease. This is partially true. The original Framingham Heart Study did find an 
association of weight with cardiovascular risk though not in excess of the individual risk 
factors later included in the core risk calculator. The evidence has varied between studies 
as to whether metabolic syndrome is or is not an additional cardiovascular disease risk 
factor. In general, studies that have included patients using impaired fasting glucose tend 
to identify excess risk of cardiovascular disease while those based on impaired fasting 
glucose in OGTT did not. This likely reflects the patients with metabolic decompensa-
tion identified by the OGTT being correctly classified in those studies that use impaired 
glucose tolerance as a recruitment criterion.

Treatment of the metabolic syndrome is primarily by diet and lifestyle including a 
400–600 kcal/day calories reduction and five episodes of 30 minute strenuous aerobic 
exercise weekly. Aggressive lifestyle therapy was superior to metformin 1700 mg ther-
apy in the Diabetes Prevention Program and indeed paralleled that in the (abandoned) 
thiazolidinedione (glitazone/TZD) arm that was later published as the Troglitazone in 
Prevention of Diabetes (TRIPOD) study. The relative risk reductions were 38% for met-
formin, 53% for lifestyle and 60% for TZD. The TZD data were later reproduced in the 
Diabetes Reduction Assessment with Ramipril and Rosiglitazone (DREAM) study on a 
larger scale using rosiglitazone, but at the cost of excess cardiomyopathic and heart fail-
ure episodes. The lifestyle group lost a peak 7 kg in weight compared with a 2 kg loss with 
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metformin and neutral changes with TZD. The actual pharmacology of the metabolic 
syndrome is complex and diverse as many agents can be used to treat various components 
(Table 3.1). A practical approach after lifestyle therapy has been tried is to treat the risk 
factors in order of severity to the extent that they deviate from the desired mean value. 
Typical variances are approximately 10% for most risk factors and 25% for triglycerides. 
As most treatments have beneficial effects on more than one aspect of the metabolic syn-
drome this tiered approach is clinically more effective than blanket polypharmacy with 
its attendant risk of side-effects and reduced adherence with multiple therapies.

Recent Developments
1 The definition of metabolic syndrome still remains problematic. The different defini-

tions seem to identify different risk groups with the WHO/EGIRS/IDF definitions 

Table 3.1 Effects of different cardiovascular therapies on individual features of the metabolic syndrome and 
endpoint trial evidence of effects in prevention of diabetes and cardiovascular disease (reproduced and updated 
with permission from Wierzbicki AS. 2006 Int J Clin Pract 60: 1149)

Drug/
treatment 
group

Component of the metabolic syndrome reduction (%) DM risk 
reduction 
(%)

CVD risk 
reduction 
(%)Weight/

waist
HDL-C TG SBP Glucose

Lifestyle 
(4 years)

6–8 +16 34 9 3 35 25–40

Aspirin 
(5 years) 

0 0 0 +3 0 ? 0–25

ACE/ARB 
(5 years)

0 0 0 8 0 9–14 22–26

Metformin 
(4 years)

0–3 +15 15 0–5 10 45–48 33

TZD (4 years) +3 +9 12 5 8 51–58 10–(+43?)

Statin 
(5.5 years)

– 0 ± 15 15-25 0 0 0–14 20–55

Fibrate 
(6 years)

0–5 +2 ± 16 15-24 0–8 0–6 0–23 9–34

Niacin 
(6 years) 

– +10 ± 25 15-35 0 +5 ? 22–31

Orlistat 
(4 years)

3 +3 1 1 4 43 ?

Sibutramine* 
(2 years) 

10 +9 25 +4 4 ?   (2010)

Rimonabant* 
(2 years)

6–8 +9 ± 23 16 0–4 2–3 NA NA

*Drug 
withdrawn.

ACE-I, angiotensin-I converting enzyme inhibitor; ARB. angiotensin-II type I receptor blocker; CVD, cardiovascular disease; DM, diabetes mellitus; SBP, systolic blood 
pressure; TG, triglycerides; TZD, thiazolidinedione.
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being better in the identification of diabetes risk while the NCEP definition is better 
for cardiovascular disease risk. This probably reflects the greater bias towards meas-
urement of hyperinsulinaemia and primacy of waist circumference in the IDF defini-
tion as opposed to the greater relative stress on dyslipidaemia in the latter given the 
equal weighting assigned to all five factors in the NCEP definition.

2 The differences between clinical definitions have recently been reconciled into a new 
definition based predominantly on the IDF method of stratification.

3 The other controversy relates to the cut-offs required for diagnosis. There is consid-
erable inter-ethnic variation in the prevalence of the different components and thus 
suggestions have been made that these should be made ethnically specific by anal-
ogy with the data for waist circumference, which varies between ethnic groups (or 
countries within ethnic groups, e.g. larger waist circumferences used in the USA for 
Caucasians). This has yet to be accepted or validated with some agreed underlying 
definition of the degree of insulin resistance or b-cell dysfunction thought to be diag-
nostic for the metabolic syndrome.

Patient presentation
Fasting assessment 

Anthropometric 
1. Body mass index 
2. *Waist 
    circumference 
3. Hip circumference 
4. *Blood pressure 

Blood biochemical
1. *Glucose
2. *Triglycerides
3. *HDL-C
4. HbA1c
5. Uric acid 
6. GGT 
7. ALT 
8. Insulin 
9. SHBG 

Other 
1. Urine albumin:
    creatinine ratio 
2. Peak flow 
3. Oximetry 

Diagnosis of the metabolic syndrome: 
1. Waist circumference >102 cm (male) >95 cm (female)
    NB Ethnicity specific 

And two of the following four: 
1. Triglycerides >1.7 mmol/l
2. HDL-C <1.0 mmol/l (male) or <1.2 mmol/l (female) 
3. Systolic BP >130 mmHg 
4. Glucose >5.6 mmol/l 

Other features: 
1. Insulin resistance: HOMA >2.0, low SHBG 
2. NAFLD 

Figure 3.1 Assessment of a patient with metabolic syndrome (key features highlighted as *).
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4 Controversy still exists as to the optimal treatment paradigm in the metabolic syn-
drome after the failure of lifestyle measures. The recent trials of the novel weight-loss 
agent, rimonabant, showed, as in previous studies of sibutramine and orlistat, multi-
ple beneficial effects on components of the metabolic syndrome. However, no really 
effective and tolerable agents exist in this class as yet, so patients have to be treated 
with regard to the underlying components of the syndrome (Figure 3.1).

Conclusion
P Metabolic syndrome can be clinically defined and predisposes to cardiovascular dis-

ease, diabetes and renal disease.
P The primary treatment for metabolic syndrome is lifestyle modification with the aim 

of losing weight.
P Drug treatments exist for many individual components of the metabolic syndrome 

but few successfully address all aspects.
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