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The rising prevalence of cardiometabolic diseases is a 
worldwide problem, including Singapore. In 2010, the 
prevalence of obesity and type 2 diabetes mellitus 
(T2DM) had risen to 10.8% and 11.6% respectively. In 
2009, of the 17,101 deaths (100%), ischaemic heart 
disease, cerebrovascular disease, and diabetes mellitus 
contributed respectively 19.2%, 8%, and 1.7% - making a 
total of 28.9% from cardiometabolic deaths. 
Cardiometabolic risk may be defined as a continuum of 
risks ranging from behaviour related factors, on to high 
risk diseases of the deadly quartet (hypertension, 
diabetes, hyperlipidemia, and obesity), and 
cardiovascular and metabolic endpoints. The 
pathophysicolgical basis of cardiometabolic risk is 
complex. The mechanisms responsible for the 
cardiometabolic syndrome are not entirely known, but 
it is likely that multi-organ insulin resistance, which is a 
common feature of the cardiometabolic syndrome, is 
involved. Low grade inflammation and dysfunction of 
high-density lipoprotein and its apolipoproteins are 
main drivers of cardiometabolic risk. Population studies 
in China and India provide insights on the development 
of cardiometabolic disease. PCOS, erectile dysfunction, 
antipsychotic medications related weight gain need to 
be addressed too as cardiometabolic problems. 
Interventions to reduce cardiometabolic risk include: 
health behaviour modification, pharmacological and 
surgical interventions, and avoidance of 
over-consumption of fructose sweetened beverages.
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�e rising prevalence of cardiometabolic diseases is a worldwide 
problem, including Singapore. In 2010, the prevalence of 
obesity and type 2 diabetes mellitus (T2DM) had risen to 
10.8% and 11.6% respectively. In 2009, of the 17,101 deaths 
(100%), ischaemic heart disease, cerebrovascular disease, and 

diabetes mellitus contributed respectively 19.2%, 8%, and 
1.7% - making a total of 28.9% from cardiometabolic deaths.

A PUBMED search using the keywords of “cardiometabolic 
disease” for review papers published in the last 3 years were 
shortlisted and reviewed for information on concepts, 
identification, and management of cardiometabolic risk.

CARDIOMETABOLIC RISK, METABOLIC 
SYNDROME AND RISK STRATIFICATION
Definition
Cardiometabolic risk may be defined as a continuum of risks 
ranging from behaviour related factors, on to high risk diseases 
of the deadly quartet (hypertension, diabetes, hyperlipidemia, 
and obesity), and cardiovascular and metabolic endpoints2.

Overlapping concepts
�e concepts of “cardiometabolic risk” and “metabolic 
syndrome” and the process of “risk stratification” overlap, and 
all relate to the atherogenic process and development of type 2 
diabetes, an important cardiovascular (CV) risk factor. �is 
situation has led to confusion as to what these terms and 
concepts really mean and how they can best be used to improve 
our understanding of cardiovascular disease (CVD) treatment 
and prevention 1. 

�e following are proposals offered by a national workgroup on 
cardiometabolic risks in Canada 1, 2:

•   The term “cardiometabolic risk” or “global cardiometabolic 
risk” be considered to represent the comprehensive catalogue of 
factors that contribute to the development of both CVD and 
type 2 diabetes. Each of these factors increases the risk of CV 
mortality and mortality to some extent, but the term “global 
cardiometabolic risk” is mainly intended to encourage 
consideration of factors that go beyond the set of traditional risk 
factors and that include new or emerging risk factors. �e term 
is intended to be used to catalogue the sources of risk, but not 
to quantify risk in either absolute or relative terms.

•   The term “metabolic syndrome” be considered to represent a 
specific subset of “cardiometabolic risks” that, when clustered 
together, impart a relative increase in risk of CVD and 
development of type 2 diabetes. Metabolic syndrome has been 
shown to increase overall lifetime CVD risk by about 1.5 – 
2-fold 3, 4. 

•   The term “risk assessment” or “global risk assessment” be 
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used to describe a process that mathematically weighs the 
presence or absence of risk factors, as well as their severity, to 
calculate an absolute CV risk by using validated algorithms 
derived from long-term observational studies in large patient 
cohorts.

Cardiometabolic risk screening 1

�e goal of cardiometabolic risk screening is to develop, through 
identification of the significant traditional and nontraditional 
risk factors, a comprehensive understanding of a patient’s risk 
for cardiometabolic events, thereby enabling appropriate 
individual preventive measures to be taken. Information to be 
collected should include the items listed in Figure 1.

Such an assessment should be taken:
•   When any traditional CV risk factor (e.g., hypertension, or 
dyslipidemia) is first identified, or

• In patients who are overweight or obese (especially if 
abdominally obese).

Calculation of absolute cardiometabolic risk
�e calculation of absolute cardiometabolic risk is done by 
means of a validated algorithm such as Framingham Risk score, 
followed by appraisal for the presence or absence of “metabolic 
syndrome”, may help identify patients whose risk might be 
underestimated through sole consideration of traditional risk 
factors and who might warrant more comprehensive or intensive 
intervention, including prompt initiation of health behaviour 
changes. �e Singapore version of the Framingham Risk Score 
and its use in this context is described in the MOH Clinical 
Practice Guidelines 1/2011 (March 2011) 5.

PATHOPHYSIOLOGY OF CARDIOMETABOLIC 
RISK 
�e pathophysicolgical basis of cardiometabolic risk is complex. 
�e mechanisms responsible for the cardiometabolic syndrome 
is not entirely known, but it is likely that multi-organ insulin 
resistance, which is a common feature of the cardiometabolic 
syndrome, is involved 5, 6. 

Alterations in free fatty acid metabolism: �ese are likely 
to be a major factor involved in the pathogenesis of 
hyperglycemia and dyslipidemia associated with the 
cardiometabolic syndrome. Excessive release of free fatty acids 
from adipose tissue into plasma and increased plasma free fatty 
acid concentration can impair the ability of insulin to stimulate 
muscle glucose uptake and suppress glucose production.

In addition, increased free fatty acid delivery to the liver can 
increase hepatic very low-density lipoprotein triglyceride 
production and plasma triglyceride concentration. An increase in   
plasma triglycerides increases the transfer of triglycerides from 
very low-density protein to high-density protein lipoprotein 

clearance and decreased plasma high-density lipoprotein 
concentration  

Abdominal adipose tissue: Excess abdominal fat mass, 
particularly visceral (intraperitoneal) fat, is associated with 
insulin resistance. It has been hypothesised that fatty acids 
released during lipolysis of visceral adipose tissue are an 
important cause of insulin resistance because these fatty acids 
enter the portal vein and are delivered directly to the liver 5.

Ectopic fat: Ectopic accumulation of fat in liver and muscle 
cells is associated with insulin resistance in those tissues. 

Increased blood pressure: �e relationship between insulin 
resistance and hypertension is well established 7, 5. Fatty acids 
themselves can cause vasoconstriction. Additionally, insulin 
resistance can increase blood pressure because insulin is a 
vasodilator, and hyperinsulinemia increases renal sodium 
reabsorption. Persons who are insulin-resistant tend to lose the 
vasodilatory effect of insulin but preserve the renal effect on 
sodium reabsorption, and sodium reabsorption is increased in 
persons with cardiometabolic syndrome. 

Low grade inflammation and dysfunction of high-density 
lipoprotein and its apolipoproteins are major drivers of 
cardiometabolic risk: Dysfunction of high density lipoprotein 
(HDL) particles that even become proinflammatory or lose 
atheroprotective properties is closely linked to obesity. �e great 
impact in public health of the dysfunction of protective serum 
proteins requires individual clinical recognition, appropriate 
preventive measures, and delineation of management, including 
with anti-inflammatory drugs 8.  
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FIGURE 1. 
General Approach To Assessing Cardiometabolic Risk

Examination and clinical review *
WC, BMI, BP, FAM ILY  H ISTORY, SM OK IN G  STATU S, ACTIV ITY  LE V E L, D IE T

If any of these risk factors are present:
• KN OW N  CV RISK  FACTOR (E .G ., E LE V ATE D  BP, D Y SG LY CE M IA, D Y SLOP ID E M IA)
• OV E RW E IG H T/OB E SE  OR IN CRE ASE D  WC
• RE ACH E D  G U ID E LIN E  SCRE E N IN G  TH RE SH OLD

Other investigations if indicated 
(E .G ., RE N AL FU N CTION , A1C, ECG, E XE RCISE  STRE SS TE ST, AP OB, H S-CRP)

SOU RCE : LE ITE R E T AL, 2011. 

FOOTN OTE : A1C = G LY CATE D  H E M OG LOB IN ; AP OB = AP OLIP OP ROTE IN  B; BMI = B OD Y  M ASS IN D E X; 
BP = B LOOD  P RE SSU RE ; CV = CARD IOV ASCU LAR; HDL-C = H IG H -D E N SITY  LIP OP ROTE IN  CH OLE STE ROL; 
H S-CRP = H IG H -SE N SITIV ITY  C RE ACTIV E  P ROTE IN ; LDL-C = LOW -D E N SITY  LIP OP ROTE IN  CH OLE STE ROL; 
TC = TOTAL CH OLE STE ROL; TGS = TRIG LY CE RID E S; WC = W AIST CIRCU M FE RE N CE ; * = AN N U ALLY  IN  TH OSE  
E Q U AL OR OLD E R TH AN  40 Y E ARS, AN D  OP P ORTU N ISTICALLY  IN  TH OSE  AG E D  18 - 39 Y E ARS.

Order laboratory tests as appropriate
• FASTIN G  P LASM A G LU COSE

• FASTIN G  LIP ID  P ROfiLE S (TC, HDL-C, LDL-C, TGS)



  

Exposure to suboptimal nutrition during critical periods 
of development: Evidence from both epidemiological and 
experimental animal studies now demonstrates that metabolic 
syndrome onset is increasingly likely following exposure to 
suboptimal nutrition during critical periods of development, as 
observed in maternal obesity. �us, the developmental priming 
of the metabolic syndrome provides a common origin for this 
multifactorial disorder 9, 10.
Moving beyond weight loss in nonalcholic fatty liver disease 
(NAFLD): Epidemiologic data now show an independent 
relationship between liver fat, physical activity, and fitness, and a 
growing body of longitudinal research demonstrates that 
increased physical activity participation per se significantly 
reduces hepatic steatosis and serum aminotransferases in 
individuals with NAFLD, independent of weight loss 11.

EPIDEMIOLOGY OF CARDIOMETABOLIC RISK IN 
POPULATIONS & POPULATION SUBGROUPS

Insights from population studies
Several population studies have highlighted the rising prevalence 
of cardiometabolic risks and a study of the developments in these 
countries will be useful in a better understanding of the 
population control measures necessary.

China: A study from China highlights the rising incidence of 
cardiovascular diseae fueled by an epidemic of cardiometabolic 
risk factors. While hypertension and smoking have received 
considerable spotlight, little attention has been given to obesity, 
diabetes, and metabolic syndrome 14.

India: �e prevalence of obesity and the metabolic syndrome 
is rapidly increasing in India and other south Asian countries, 
leading to increased morbidity and mortality due to type 2 
diabetes and cardiovascular disease. �e main drivers are rapid 
nutrition, lifestyle, and socioeconomic transitions, consequent to 
increasing affluence, urbanisation, mechanisation, and rural to 
urban migration. Less investigated determinants of the metabolic 
syndrome include psychological stress in urban setting, genetic 
predisposition, adverse perinatal environment, and childhood 
“catch up” obesity 15. 

Women and polycystic ovary syndrome (PCOS)
Polycystic ovary syndrome (PCOS) is of clinical and public 
health importance as it is very common, affecting up to one in 
five women of reproductive age. It has significant and diverse 
clinical implications including reproductive (infertility, 
hyperandrogenism, hirsutism), metabolic (insulin resistance, 
impaired glucose tolerance, type 2 diabetes mellitus, adverse 
cardiovascular risk profiles) and psychological features (increased 
anxiety, depression and worsened quality of life). Polycystic 
ovary syndrome is a heterogeneous condition and, as such, 

clinical and research agendas are broad and involve many 
disciplines 16. 

Metformin has been introduced as a therapeutic option in 
PCOS, targeting of cardiometabolic and reproductive 
abnormalities on the basis of its action on the reduction of 
glucose levels and the attenuation of insulin resistance. �e use 
of metformin in pregnant women with PCOS is another of its 
positive features. Overall, available data supports the therapeutic 
usefulness of metformin on cardiometabolic risk and 
reproduction assistance in PCOS women 17.

Modest weight loss of 5% to 10% of initial body weight has 
been demonstrated to improve many of the features of PCOS. 
Management should focus on support, education, addressing 
psychological factors and strongly emphasising healthy lifestyle 
with targeted medical therapy as required. Monitoring and 
management of long-term metabolic complications is also an 
important part of routine clinical care 16.

Men and Erectile dysfunction
Erectile dysfunction (ED) is a marker of increased cardiovascular 
(CVS) risk. In younger men with ED, the Framingham risk 
assessment has inadequate sensitivity. �ere is a need to develop 
a more sensitive risk-stratification protocol for this population. 
�e presence of ED should prompt assessment of cardiac risk 
and aggressive risk factor treatment. Available risk assessment 
factors should initially be used to stratify each patient. ED 
patients younger than 60 years of age and with no clinical CVD 
are at risk of CAD events (>10%) and should undergo further 
risk assessment. Additional tests of arterial damage and 
biomarkers may aid in refinement of risk for future cardiac 
events 18.

Mental health patients and related weight gain 
from antipsychotic medications 
Antipsychotic-related weight gain and metabolic effects are a 
critical outcome for patients requiring these medications. Across 
32 studies including 1482 subjects, 15 different medications 
were tested and compared with placebo. Metformin was found 
to have the greatest weight loss {N=7, n=334, -2.94 kg 
[confidence interval (CI: -4.89, -0.99)]} 19.

INTERVENTIONS TO REDUCE 
CARDIOMETABOLIC RISK

Health behaviour modification
Health behaviour modification is recommended as the primary 
treatment strategy for the management of cardiometabolic risk 
and should include simultaneous counselling regarding physical 
activity, smoking cessation, caloric intake, and diet composition, 
as these are associated with improvements on all cardiometabolic 
risk factors 3. 

�e magnitude of improvement in these variables appears to 
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be dependent on baseline values, with greater improvements 
reported among those with the greatest disturbances. 
Improvements in cardiometabolic risk factors tend to be more 
pronounced when a modest reduction in body weight is 
achieved, significant improvements are also observed even in the 
absence of significant weight change. Moderate-intensity 
exercise for 30 to 60 minutes on most days of the week, together 
with a moderate reduction in caloric intake (500 kcal/day), can 
result in significant reductions in cardiometabolic risk. �e 
long-term benefit of health behaviour interventions requires 
sustained efforts in compliance and adherence.

Pharmacologic and surgical interventions
While health behaviour interventions are the primary 

strategy to reduce cardiometabolic risk, adjunctive 
pharmacologic therapy or surgery may be required. �e majority 
of pharmacologic interventions to reduce cardiometabolic risk 
also apply to the patient with diabetes, since most patients with 
diabetes have increased cardiometabolic risk. 

Weight loss: For patients with a BMI ≥ 30 kg/m2, or those 
with a BMI ≥ 27 kg/m2 plus CV risk factors and/or impaired 
glucose tolerance (IGT), guidelines recommend that weight-loss 
medications can be considered if weight loss is <0.5 kg (1 lb) per 
week after health behaviour changes have been attempted for 3 
to 6 months. �ere are currently no data to show that weight 
reduction induced by medications results in improved clinical 
outcomes. 

Bariatric surgery has been shown to lower all-cause mortality 
by 24% to 40%  because of a reduction in deaths from 
myocardial infarction (MI), diabetes, and cancer, as well as 
prevention of the development of diabetes in patients with severe 
obesity. Currently, bariatric surgery can be considered in 
Caucasians with BMI ≥ 40 kg/m2 or BMI ≥ 35 kg/m2 plus 
comorbid conditions, in whom efforts at medical therapy have 
failed and who have an acceptable operative risk. �e 
corresponding BMI cut-offs for Asians will be 37.5 and 32.5 to 
37.4 respectively 3. 

Obesity in DM: Obesity is a well known risk factor for type 
2 diabetes mellitus. Individuals with type 2 diabetes mellitus are 
at risk for weight gain as a result of multiple influences, including 
sedentary lifestyle, high-calorie diet, diabetes medications, 
sociocultural factors, chronic medical and psychiatric illnesses, 
and a dysregulated enteroendocrine axis. Because both diabetes 
mellitus and obesity predispose patients to abnormal 
cardiometabolic profiles and increased cardiovascular disease, 
management of diabetes mellitus should focus on weight 
management and optimising cardiometabolic parameters, 
concomitant with glycemic control. Lifestyle modification 
incorporating healthy, calorie-appropriate diets and increased 
physical activity, in addition to metformin, are central 
components to diabetes management and weight management. 
�ese interventions have been shown to improve body weight, 

glycemic control, and overall cardiometabolic profile. �e 
weight-neutral and weight-losing diabetes medications include 
metformin, alpha-glucosidase inhibitors, glucagon-like 
peptide-1 analogs, dipeptidyl peptidase-4 inhibitors, and amylin 
analogs. It is essential that providers understand the metabolic 
and weight effects of diabetes medications in order to develop 
strategies for managing diabetes mellitus while helping patients 
maintain or lose weight in order to improve their overall health 
outcomes 20.

Optimise BP: Clinical trials have not specifically evaluated 
BP lowering in individuals solely with cardiometabolic risk. 
However, in patients with cardiometabolic risk associated with 
dysglycemia, it may be advisable to use agents that may be 
associated with improvement of glucose metabolism [ie, 
renin-angiotensin-aldosterone system (RAAS) inhibitors] or 
antihypertensive drugs that are metabolically neutral [ie, calcium 
channel blockers (CCBs)] 3.

Optimise lipid levels: In patients with cardiometabolic risk 
with a moderate or high Framingham Risk Score, treatment 
should be initiated with a statin to reduce low-density 
lipoprotein cholesterol (LDL-C) by at least 50% and to <2.0 
mmol/L. Apo B levels are a better measurement of lipid-related 
risk in these patients, and the target level for treatment is <0.8 
g/L in high-risk and moderate-risk individuals. �ere is a large 
residual risk for patients at high risk for CVD and these should 
be treated 3. 

Optimise blood glucose levels, prevent progression to 
diabetes, and manage hyperglycemia: While health behaviour 
modification, with weight loss and increased physical activity, is 
the most effective, pharmacotherapy can also be considered to 
prevent progression to type 2 diabetes 3.   

Consumption of fructose sweetened beverages: Such has 
increased steadily over the past century and with this increase has 
come more and more reports associating their use with the risk of 
overweight, diabetes and cardiometabolic disease. In a 
meta-analysis of the relationship between soft drink 
consumption and cardiometabolic risk, there was a 24% overall 
increased risk comparing the top and bottom quantiles of 
consumption. Several factors might account for this increased 
risk, including increased carbohydrate load and increased 
amounts of dietary fructose. Fructose acutely increases 
thermogenesis, triglycerides and lipogenesis as well as blood 
pressure 21. 

CONCLUSIONS
•  “Global cardiometabolic risk” is an umbrella term for a 

comprehensive list of existing and emerging factors that 
predict CVD and/ or type 2 diabetes. 

•   A risk stratification approach ensures that a best approach is 
taken to reduce cardiometabolic disease. 
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•   Interventions to reduce cardiometabolic risk can take place 
simultaneously at the levels of health behaviour modification, 
interventions directed at weight control, blood pressure 
control, blood sugar control, as well as management of CVD 

     and metabolic endpoints.
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LEARNING POINTS

• Cardiometabolic risk may be defined as a continuum of risks ranging from behaviour related 
 factors, on to high risk diseases of the deadly quartet (hypertension, diabetes, hyperlipidemia and
 obesity) and cardiovascular and metabolic endpoints. 

• The mechanisms responsible for the cardiometabolic syndrome is not entirely known, but it is
 likely that multi-organ insulin resistance, which is a common feature of the cardiometabolic 
 syndrome, is involved. 

• Low grade inflammation and dysfunction of high-density lipoprotein and its apolipoproteins are
 main drivers of cardiometabolic risk. 

• PCOS, erectile dysfunction, antipsychotic medications related weight gain need to addressed too 
 as cardiometabolic problems. 

• Interventions to reduce cardiometabolic risk includes: health behaviour modification,
 pharmacological and surgical interventions and avoidance of over-consumption of fructose 
 sweetened beverages.




