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Type II diabetics have an elevated risk 
for cardiovascular disease (CVD), 
estimated as being two-to-six-fold 
higher compared to the general 

population.1 CVD is also considered as a leading 
cause of morbidity and premature mortality in 
patients with type II diabetes.2

Many traditional risk factors such as age, 
male sex, hypertension, dyslipidemia, glycemic 
control, diabetes duration, renal dysfunction, 
obesity, smoking, and physical inactivity have been 
extensively studied and identified to be independent 
factors for CVD.1,3 

Recently, other non-traditional predictors 
such as erectile dysfunction, unhealthy diet, social 
deprivation and other inflammatory, hematological, 
and thrombogenic markers have been studied and 
showed a positive relationship with CVD among 
diabetics.3,4 However, traditional risk factors have 
been found to explain between 75%–90% of CVD 
events.5,6 Also, there is no sufficient evidence that 
routine monitoring of these factors leads to better 
diagnostic and therapeutic results in diabetic 
patients.3,7

 
CVD risk assessment tools
Risk assessment tools, in general, are mathematical 
models or charts used to estimate the risk of an 
outcome event in an individual. They use the 
predictive information available for the various risk 
factors of the specified condition using mathematical 
models. Usually, such models are used for diagnostic 
and prognostic purposes. Diagnostic models 
estimate the current risk of a disease or health event 
and prognostic models estimate the future risk of 
a particular disease or health event within a given 
period.8,9 CVD risk assessment tools estimate the 
CVD risk in an individual based on the information 
available mainly for the various traditional CVD risk 
factors.

Various professional guidelines for the 
management of type II diabetes mellitus (T2DM) 
recommend the use of CVD risk assessment tools 
to quantify the risk among patients with diabetes. 
This would also guide the initiation of appropriate 
preventive and treatment strategies, including 
antihypertensive, antiplatelet, and antilipid 
drugs.10,11 Many different risk assessment tools were 
developed in different parts of the world in the 
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A B S T R AC T
Patients with type II diabetes (T2DM) have an elevated risk for cardiovascular disease 
(CVD), and it is considered to be a leading cause of morbidity and premature mortality 
in these patients. Many traditional risk factors such as age, male sex, hypertension, 
dyslipidemia, glycemic control, diabetes duration, renal dysfunction, obesity, and smoking 
have been studied and identified as independent factors for CVD. Quantifying the risk of 
CVD among diabetics using the common risk factors in order to plan the treatment and 
preventive measures is important in the management of these patients as recommended 
by many clinical guidelines. Therefore, several risk assessment tools have been developed 
in different parts of the world for this purpose. These include the tools that have been 
developed for general populations and considered T2DM as a risk factor, and the tools that 
have been developed for T2DM populations specifically. However, due to the differences in 
sociodemographic factors and lifestyle patterns, as well as the differences in the distribution 
of various CVD risk factors in different diabetic populations, the external applicability 
of these tools on different populations is questionable. This review aims to address the 
applicability of the existing CVD risk models to the Omani diabetic population.
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past decades to assess the CVD risk among patients 
with T2DM. These include the tools developed for 
general populations and considered T2DM as a 
risk factor, and the tools developed specifically for 
T2DM populations.

Tools for general populations, with diabetes 
as a risk factor
In general populations, many risk assessment 
tools have been developed that vary in their 
methodologies. Listed in Box 1 are the most common 
tools established to estimate the CVD risk in general 
populations that consider T2DM as a risk factor and 
use CVD as a general outcome or, at least, include 
coronary heart disease (CHD) in the outcome (as 
it is the most common among all CVD events) and 
were derived from large cohorts with both sexes.12,13 

The FHS model and the PROCAM model 
are recommended and incorporated by some of 
the professional guidelines to estimate the CVD 
risk in patients with diabetes. The FHS model 
is recommended by the European Society of 
Cardiology and European Association for Study of 
Diabetes Guidelines and the Australian National 
Vascular Disease guidelines. The PROCAM 
model is recommended by the Canadian Diabetes 
Association guidelines.13

Notably, most of these tools were derived from 
studies among American or European populations. 
The age range for most of the study cohorts was 30–
74 years. However, these tools differ in many ways, 
and they are presented in various forms, including 
risk charts and electronic risk calculators.14 The 
sample sizes ranged from 1,756 patients to more than 

two million patients. They also differ in the endpoint 
outcomes used, which include CHD, CVD, and 
myocardial infarction. Some outcomes also include 
fatal events. Furthermore, these tools differ in their 
methodologies including characteristics of the 
study sample, study setting, follow-up time frame, 
statistical analysis, and the included predictors.12–17 
Most tools were derived from original longitudinal 
studies except the WHO/ISH charts, which were 
derived using databases related to the prevalence of 
the common risk factors of CVD and CVD event 
rates in the corresponding WHO regions. Most of 
these prediction models predicted the five- or 10-
year risk using an average of eight predictors through 
cox regression, logistic regression, or Weibull 
proportional hazards modeling. Age, sex, systolic 
blood pressure, smoking, cholesterol measurements, 
and T2DM status were the most commonly used 
predictors.12–17 Some tools included non-traditional 
predictors, but the value of adding them was thought 
to be small.16,18 In addition, recommendations from 
the US Preventive Services Task Force concluded 
that the current evidence was insufficient to assess 
the usefulness of including the non-traditional risk 
factors in the risk assessment.19

Tools specific for type II diabetic populations
Many specific T2DM tools have emerged in recent 
years due to the suggestion that diabetes-specific 
risk tools perform better than those developed for 
the general population.16,20 The most common ones 
established to estimate CVD risk in the T2DM 
population that take CVD as a general outcome 
or  include CHD in the outcome and were derived 
from large cohorts with both sexes are given in 
Box 2.13,15,16 Generally, the UKPDS risk engine 

Box 1: Common tools established to estimate CVD 
risk in the general population.

 - Framingham Heart Study (FHS) model.
 - New Prospective Cardiovascular Munster 
(PROCAM-2007) Study model.

 - World Health Organization /International Society of 
Hypertension (WHO/ISH) charts.

 - Chinese Adult Cardiovascular Disease risk tool. 
 - The risk score based on the Scottish Heart Extended 
Cohort (also known as Assessing Cardiovascular Risk 
Using SIGN Guidelines (ASSIGN)).

 - Framingham General (FG) CVD risk profile for use in 
primary care.

 - Japanese cardiovascular risk model.
 - The two last versions of the Cardiovascular Disease Risk 
Score based on the British QRESEARCH database 
(QRISK2 and the new QRISK).

Box 2: Common tools established to estimate CVD 
risk in the type II diabetic population.

 - Action in Diabetes and Vascular Disease, the Preterax and 
Diamicron-MR Controlled Evaluation (ADVANCE) 
study model. 

 - New Zealand Diabetes Cohort Study (DCS) model.
 - Australian Fremantle Diabetes Study (FDS) model.
 - Swedish National Diabetes Register (SNDR) equation.
 -  Chinese Total CHD risk score.
 - Scottish Diabetes Audit and Research in Tayside, Scotland 
(DARTS) database model.

 - US Atherosclerosis Risk in Communities (ARIC) model. 
 - UK Prospective Diabetes Study (UKPDS) risk engine 
model.
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is the most commonly recommended model by 
professional guidelines including the Canadian 
Diabetes Association, the Australian National 
Vascular Disease Prevention Alliance, the National 
Institute for Health and Clinical Excellence, and the 
International Diabetes Federation.13

Like the tools derived from the general 
population, most of the diabetes-specific tools 
were developed based on American and European 
populations and very few were based on Eastern 
Asian populations. These tools differ in the study 
sample sizes, which range from more than 1,000 to 
more than 35,000 patients. Most were derived using 
prevalent T2DM cases, and only the UKPDS tool 
was derived using newly diagnosed diabetic patients. 
The majority of the models predict five-year risk with 
an average of eight predictors. The most commonly 
used predictors in these models are age, sex, diabetes 
duration, glycated hemoglobin levels, lipid-related 
entities, microalbuminuria, and smoking. Again, 
some tools have tried to include non-traditional 
factors, but the value of adding them is thought to be 
small.16,18 The studies also differed in their statistical 
analysis methods similarly to the tools developed for 
the general population.

CVD risk assessment in Oman
T2DM and its complications have imposed a 
considerable burden in Oman. Three consecutive 
epidemiological surveys have shown a gradual 
increase in the prevalence of T2DM from 10% to 
12.3% over 17 years.21-24 It is estimated that by 2050 
there will be around 350,000 people with T2DM 
living in Oman.25 Moreover, a hospital-based study 
showed that more than half of the Omani patients 
who presented for coronary artery bypass surgery 
had diabetes.26 Additionally, related data showed 
a high prevalence of CVD traditional risk factors 
among Omanis.24,27,28 Therefore, the growing trend 
of T2DM and CVD risk factors inevitably makes 
the problem of CVD challenging to the Oman 
healthcare system.

To date, no risk assessment tool derivative studies 
have been conducted in any Arab countries, including 
Oman. Therefore, the use of external risk assessment 
tools is encouraged in the clinical setting, at least for 
the time being, for the sake of disease management. 
The Department of Non-Communicable Disease 
Control (NCDC) has encouraged the use of the 
WHO/ISH EMRO-B charts designed for patients 

in the Eastern Mediterranean region (as Oman 
is part of this region) and these have been widely 
distributed in primary care institutions.29,30 However, 
the use of these charts in diabetes care is thought to 
be rare. This lack of use can be explained partially by 
the lack of knowledge about the importance of such 
risk assessment tools and their clinical implications.29

In the Arab world, no studies were found related 
to testing the validity of the existing CVD risk tools 
on diabetic populations apart from one comparison 
study conducted in Oman. In this study, the FG-
CVD risk model was observed to overestimate the 
CVD risk compared to the WHO/ISH risk charts 
when applied to a sample of Omani patients with 
T2DM.31 For example, the FG-CVD tool identified 
a higher proportion of patients compared to the 
WHO/ISH tool at 10-year CVD risk especially 
in the intermediate risk group of patients. The FG-
CVD tool identified almost double the number 
of men eligible for aspirin treatment at CVD risk 
thresholds of 10% compared to the WHO/ISH 
charts (86% vs. 43%, respectively). In women, the 
proportions were 66% and 45%, respectively. For 
statins, the figures were 60% and 37% for men and 
28% and 36% for women, respectively. This means 
that if the FG-CVD risk tool were applied in the 
Oman health setting, the diabetes care costs would 
sharply increase.

Critical arguments on the application of the 
existing tools
The tools that were primarily derived from general 
populations are not specific for T2DM populations, 
which carry a higher risk. In addition, these tools have 
not included important risk factors like glycemic 
control, diabetes duration, and microalbuminuria.16,32 
Moreover, most of the two types of tools have been 
derived from western populations (European and 
US populations), and very few have been derived 
from East Asian populations. Only a few tools were 
validated externally on diabetic populations and 
these studies demonstrated poor performance of 
these tools when applied to diabetic patients.33–35 
Also, the external validation studies were conducted 
on European, Australian and other populations, 
which share similar ethnicities and lifestyles with the 
populations used to develop these tools.

 The differences in sociodemographic factors, 
culture, lifestyle, and the distribution of various 
CVD risk factors and CVD occurrence in those 
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populations should be considered in the application 
of such tools in different populations. Despite the 
similarities between the populations for which 
existing models were derived, developing a model 
specific for each unique population is a common 
rationale mentioned in the studies that gave rise to the 
current models. In fact, due to the strong relationship 
between diabetes and its complications with the 
patient’s geographical location and environmental 
and lifestyle characteristics, the existing risk models 
are not always applicable to different populations. 
Therefore, it is better for each particular population 
to have its own risk assessment tool.14,15

 Additionally, the time since some of these tools 
were derived and the major differences in the clinical 
practices nowadays leads us to question the validity 
of applying these risk tools even in populations with 
similar ethnicities.15

The existing tools have not been validated in 
any Arab population including Omanis. However, 
as mentioned before, external validations in non-
Arab patients with diabetes have shown a poor 
performance of these tools.33–35 The single study 
conducted in Oman, comparing the FG-CVD risk 
tool to the WHO/ISH charts currently used, has 
shown significant discrepancies in the risk assessment 
results between the two tools when applied to a 
sample of Omani patients with T2DM. Although 
the study concluded that the FG-CVD tool 
overestimated the risk and the number of patients 
eligible for primary prevention of CVD compared 
to the joint WHO/ISH chart, it is difficult to judge 
which one is more relevant and closer to the real 
situation as both tools are not Omani-specific.31

Moreover, the WHO/ISH risk charts were not 
derived from original studies but derived using 
databases related to the prevalence of the CVD 
risk factors and CVD event rates for the Eastern 
Mediterranean region. Although this region includes 
Arab populations mostly, it also includes a non-
Arab population (Iranians). Therefore, these charts 
are not that specific. Additionally, these charts have 
not included other important risk factors related to 
patients with diabetes, like glycosylated hemoglobin 
and diabetes duration.

Therefore, due to the above limitations, 
physicians may be faced with uncertainties in the 
CVD risk estimation using these external tools. 
This, in turn, may affect the clinical management of 
diabetic patients and the costs of the diabetes care.

C O N C LU S I O N
The applicability and accuracy of the existing CVD 
risk tools for local populations is questionable since 
these tools are not considered the optimal ones to be 
applied in different populations. It seems that there is 
a need for a population-specific risk assessment tool 
for Omani patients with T2DM to monitor their 
CVD risk and inform future treatment and case 
management strategies.
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