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ABSTRACT: Objectives: This study aimed to investigate trends in the estimated 10-year risk for developing
cardiovascular disease (CVD) among adults with diagnosed diabetes in Oman. In addition, the effect of hypothetical
risk reductions in this population was examined. Methods: Data from 1,077 Omani adults aged =40 years with
diagnosed diabetes were collected and analysed from three national surveys conducted in 1991, 2000 and 2008
across all regions of Oman. The estimated 10-year CVD risk and hypothetical risk reductions were calculated
using risk prediction algorithms from the Systematic COronary Risk Evaluation (SCORE), Diabetes Epidemiology
Collaborative Analysis of Diagnostic Criteria in Europe (DECODE) and World Health Organization/International
Society of Hypertension (WHO/ISH) risk tools. Results: Between 1991 and 2008, the estimated 10-year risk of
CVD increased significantly in the total sample and among both genders, regardless of the risk prediction algorithm
that was used. Hypothetical risk reduction models for three scenarios (eliminating smoking, controlling systolic
blood pressure and reducing total cholesterol) identified that reducing systolic blood pressure to <130 mmHg
would lead to the largest reduction in the 10-year risk of CVD in subjects with diabetes. Conclusion: The estimated
10-year risk for CVD among adults with diabetes increased significantly between 1991 and 2008 in Oman. Focused
public health initiatives, involving recognised interventions to address behavioural and biological risks, should be a
national priority. Improvements in the quality of care for diabetic patients, both at the individual and the healthcare
system level, are required.
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ADVANCES IN KNOWLEDGE

- Utilising data from three large cross-sectional surveys conducted in Oman, this study shows that the nationwide population-based 10-
year risk of cardiovascular disease (CVD) has increased over the last two decades among Omani diabetic patients who were reportedly
free of CVD at the time they were surveyed.

APPLICATION TO PATIENT CARE

- This study demonstrates that controlling systolic hypertension among diabetic patients will lead to the greatest 10-year risk reduction of
CVD among this group, in comparison to the elimination of smoking or the reduction of cholesterol.

- The results of this study may help to improve the evaluation and management of patients with diabetes within the Omani healthcare
systemn.

Departments of 'Non-Communicable Disease Control, *Research & Studies and *Information & Statistics, Ministry of Health; *Office of the World Health
Organization, Muscat, Oman; *Weill Cornell Medical College, Doha, Qatar
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(CVD) 1s A
major cause of morbidity and mortality in

ARDIOVASCULAR DISEASE

people with diabetes mellitus, accounting
for at least 50% of all diabetes-related disabilities
and fatalities in most populations.? Strokes, all
manifestations of acute coronary syndrome and
sudden death are at least twofold more common
in people with type 2 diabetes than in non-diabetic
individuals.®> Furthermore, over 80% of diabetes-
related deaths occur in low- and middle-income
countries, thus posing a major threat to public health
in most developing countries.** In addition, the
Arabian Peninsula has a higher percentage of excess
deaths attributable to diabetes (9%) in comparison to
North American (8.5%) or African countries (2.4%).°
The diabetes epidemic is sweeping across the Middle
East; five of the top 10 globally ranked countries
for diabetes prevalence in 2010 were countries in
the Arabian Peninsula.” Thus, a surge in mortality
attributed to CVD is expected in such high-risk
populations. Despite the gravity of this situation, only
limited evidence is available regarding the trends in
CVD risk factors among Arab populations in this
region, including one review on nutrition-related non-
communicable diseases.?

The aim of the current study was to investigate
temporal trends in the estimated 10-year risk of
developing CVD among adults with diagnosed
diabetes in Oman over the past two decades. In
addition, this study examined the effect of hypothetical
risk reductions in this population.

Methods

This study used data from three population-based

national surveys conducted in Oman in 1991, 2000
and 2008.°' Each survey was designed to include
a nationally representative sample from all 11
administrative regions of Oman based on census
enumeration strategies. Additionally, the surveys used
multi-stage stratified cluster sampling techniques. In
1991, participants were interviewed at home and then
asked to visit the nearest hospital or health centre
within the following 72 hours after fasting overnight
for at least eight hours. At the hospital/health centre,
the participants then underwent various examinations
and provided fasting venous blood samples. For the
2001 and 2008 surveys, a trained team collected early
morning blood samples from survey participants
following an interview at home.

Investigations were conducted as follows. For
the 1991 and 2000 surveys, blood pressure (BP)
was measured 10 minutes after the subject was
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seated using a mercury sphygmomanometer on
the upper arm, while the 2008 survey used a digital
sphygmomanometer applied to the wrist. In all
three surveys, three readings were taken and the
average recorded as the final reading. Blood samples
for measuring glucose levels and cholesterol were
collected in sodium fluoride oxalate anticoagulant
and lithium heparin anticoagulant containers,
respectively. In the 1991 survey, serum glucose and
cholesterol were measured using a Synchron CX7
biochemistry analyser (Beckman Coulter, Inc., Brea,
California, USA), while the 2000 and 2008 surveys
used the Hitachi 911, 912 or 902 automated chemistry
analysers (Boehringer Ingelheim GmbH, Ingelheim
am Rhein, Germany). All machines were used as
per their instructions and proprietary reagents were
supplied by the manufacturers. In the 1991 survey, all
samples were collected and transferred for analysis
in a central tertiary hospital. In the 2000 and 2008
surveys, samples from each region were analysed in
the local regional referral hospital. No attempt was
made to assess the effect of methodology changes in
the measured biochemical parameters between the
three survey periods or between hospitals within the
same survey. However, for the 2000 and 2008 surveys,
all laboratories used the same methods and machines
and applied the same internal and external quality
control measures.

A diagnosis of diabetes among the participants
was based on an oral glucose tolerance test (OGTT)
in the 1991 survey and fasting plasma glucose (FPG)
values in the 2000 and 2008 surveys using the 1999
diagnostic criteria recommended by the World Health
Organization (WHO).!? Subjects were also classified
as having diabetes if they reported a previous diagnosis
of diabetes by a physician, regardless of their OGTT
results or FPG values. Current smokers included
participants smoking any type of tobacco at the time
of the survey.

Total/absolute 10-year CVD risk estimates were
calculated for diabetic subjects who reported that they
had never been diagnosed with a heart condition or
heart disease by a physician. These estimates were
calculated using three gender-specific tools: the
Systematic COronary Risk Evaluation (SCORE), the
Diabetes Epidemiology Collaborative Analysis of
Diagnostic Criteria in Europe (DECODE) and the joint
WHO/International Society of Hypertension (ISH)
risk prediction chart.®-** These tools were selected
because the risk calculation formulae used were
readily available and because the variables required
had been measured and collected during the three
national surveys. Since two of the three tools (SCORE
and WHO/ISH charts) were directed towards subjects
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Table 1: Characteristics of variables used to calculate
the estimated 10-year risk of cardiovascular disease
among Omani diabetic adults aged 240 years between
1991-2008* (N = 1,077)

Variables Survey year' P
value

1991 2000 2008

Total

n 379 470 228

‘Women in % 54.6 50.0 56.3  0.379
(2.6) (2.3) (4.6)

Mean age in years 51.5 56.7 57.7  <0.001
(0.5) (0.5) 0.8)

Current smoker in % 5.6 6.8 8.5 0.163

12 @) @1

Mean SBP in mmHg 1421 1386 1464 0.135
(1.1) (0.9) (1.6)

Mean TC in mmol/L 6.0 5.8 5.4 <0.001
(01) (01 (01

Men

n 172 235 100

Mean age in years 51.8 56.8 584  <0.001
(0.7) (0.8) (1.3)

Current smoker in % 9.7 12.0 19.6 0.030

23 @1 @7

Mean SBP in mmHg 139.3 137.2 1499  0.002
a6 12 (27

Mean TC in mmol/L 5.9 5.7 5.4 0.002
0.1) (0.1) (0.1)

‘Women

n 207 235 128

Mean age in years 51 57 572 <0.001
(0.6) (0.6) 0.9)

Current smoker in % 2.1 1.7 0 0.157

) Q2 )

Mean SBP in mmHg 1443 1400 1436 0.463
1e) (13) (19

Mean TC in mmol/L 6.0 5.9 5.3
(0.9) (0.1) (0.1)

<0.001

SBP = systolic blood pressure; TC = total cholesterol.

*Data from three population-based national surveys.*" "Numbers in

brackets signify standard error.

aged 240 years, the risk estimates for this study were
also calculated using a cohort of the same age.

All three tools incorporated age, gender, current
smoking and diabetic status, systolic BP (SBP) and
total cholesterol (TC) to estimate 10-year CVD risk
(except SCORE which did not include diabetic status).
SCORE and DECODE published equations; thus
calculated estimates using these tools were presented
as mean CVD risk over a 10-year period. Conversely,
WHOV/ISH risk prediction charts were published
according to incremental risk categories and estimates

were therefore presented as proportions of subjects
with 230% risk over 10 years. Since WHO/ISH charts
were developed to be region-, country- and income-
specific, the Eastern Mediterranean Region charts
in category B were utilised as Oman falls within this
regional and income category."®

Tests for linear trends in CVD risk were conducted
using logistic regression analyses, in which the survey
period was used as a continuous independent variable
and 10-year CVD risk as the dependent variable.
Hypothetical estimates of 10-year risk reduction for
adults with diabetes were calculated using all three risk
tools and under the following scenarios: eliminating
all current smoking; reducing systolic BP to <130
mmHg for subjects with a systolic BP of 2130 mmHg,
and reducing TC to <5.2 mmol/L for those with a TC
concentration of >5.2 mmol/L. Statistical analyses
were performed using Stata software, Version 11.1
(Stata Corp., College Station, Texas, USA).

Results

The overall response rate for the three surveys
was 93%, 83% and 79% for the 1991, 2000 and 2008
surveys, respectively®? A total of 1,900 subjects
aged >40 years were diagnosed with diabetes in the
three surveys. A total of 53% were female. Pregnant
women (n = 24) and individuals missing data required
to estimate 10-year CVD risk (n = 799) in the three
surveys were excluded, giving a total sample of
1,077. Over two decades, the mean age of diabetic
subjects significantly increased from 51.5 to 57.7 years
(P <0.001). In contrast, the mean TC trend in the
entire cohort showed a significant decline from 6.0
mmol/L in 1991 to 5.4 mmol/L in 2008 (P <0.001).
This trend was observed in both men and women.
In addition, the proportion of male current smokers
doubled from 9.7% in 1991 to 19.6% in 2008 (P = 0.03).
Mean SBP in men increased by more than 10 mmHg
during the same time period (139.3 mmHg in 1991 to
149.9 mmHg in 2008; P = 0.002). No significant linear
trends were noted with respect to the percentage of
women (P = 0.379), current smokers (P = 0.163) or SBP
(P = 0.135) in the entire sample [Table 1].

A consistent and significant increase in the 10-year
risk of CVD in the entire diabetic cohort and between
both genders was observed, regardless of the risk tool
used [Figure 1]. The mean estimated 10-year risk for
developing CVD using the SCORE tool increased
significantly in the total sample (regression coefficient
= 10.4%; standard error [SE] = 2.3; P <0.001) as well as
among males (regression coefficient = 10.8%; SE = 2.5;
P <0.001) and females (regression coeflicient = 13.9%;
SE = 5.7; P = 0.013). Although lower in magnitude, the
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Figure 1A—C: Estimated trends of the 10-year risk
for developing cardiovascular disease among adults
with diabetes mellitus in Oman by gender and year
using data from three population-based national
surveys.” ! Risk prediction was calculated using the
(A) Systematic COronary Risk Evaluation (SCORE),
(B) Diabetes Epidemiology Collaborative Analysis
of Diagnostic Criteria in Europe (DECODE) and (C)
World Health Organization (WHO)/International
Society of Hypertension (ISH) tools."*** For SCORE
and DECODE, each point on the graph represents the
mean for 10-year risk and the bars represent the upper
and lower limits of the 95% confidence intervals.

*Significance of linear trend test.

DECODE risk tool also showed a similar pattern. Over
the period of 1991-2008, men had the highest relative
increase (120%) in the mean 10-year CVD risk using
the SCORE tool (5% in 1991 to 11% in 2008). Although
the relative increase in SCORE risk was less marked
among women (60%), an increase was also noted (2%
in 1991 to 3.2% in 2008).

The proportion of subjects with a 10-year CVD
risk of >30% increased from 26.1% in 1991 to over
47% in 2008 (P <0.001) using the WHO/ISH charts.
Calculations of four hypothetical risk reduction
scenarios (eliminating all current smoking, controlling
SBP, attaining a favourable TC profile or all three
combined) suggested that the largest reduction in
the 10-year risk of developing CVD would be gained
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by improving SBP control compared to the other
two interventions. This finding was consistently seen
across risk tools and for all three periods studied.
Simultaneous modifications of all three risk reduction
techniques produced an additional yet modest
reduction in the 10-year risk of CVD among people
with diabetes [Table 2].

Discussion

Morbidity and mortality resulting from all forms of
CVD are 2-8-fold higher among individuals with
diabetes than in those without.'® Diabetes management
should therefore include recommendations to
prevent and control CVD risk. Using the SCORE,
DECODE and WHO/ISH risk tools, this study found
an increasing trend in the 10-year CVD risk among
both men and women with diabetes in Oman between
1991-2008. In contrast, studies from industrialised
nations have reported a declining trend in death rates
and 10-year CVD risk among diabetic patients over the
past two decades.!”'® This decline is largely attributed
to improved management of CVD risk factors and
hyperglycaemia through medication and behavioural
changes.’®"

In Oman, a small number of community-based
interventions focusing on both individual and
community-wide behavioural change have been
initiated at the provincial level. The largest of these
was implemented in the Nizwa region in 2001.%
However, the 2010 Nizwa Healthy Lifestyle Project
Evaluation Report indicated that the prevalence of
diabetes in Nizwa had increased from 9.2% in 2001
to 9.7% in 2010 (P = 0.61).2! Similar increases were
seen in the prevalence of CVD risk factors during the
same time period, including pre-hypertension (8% to
13%; P = 0.0001), clinical hypertension (12% to 24%;
P <0.001), being overweight (28% to 33%; P = 0.001) and
obesity (13% to 17%; P = 0.001), although it is possible
that these trends are not as dramatic as those observed
nationally.? For community-based interventions
aiming to reduce CVD risk impact, policies and
legislation related to tobacco control, salt reduction in
foods and food taxes or subsidies to support healthy
eating need to be developed in coordination with
other sectors and implemented within communities in
order for them to have the desired effect.*

In the present study, men were shown to have
an absolute 10-year CVD risk that was 2—6 times
higher than women. This may be a function of the
the studied
CVD risk factors; in comparison, only the risk factors

observed increase among men of all

of age and TC levels were found to increase among
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Table 2: Estimated 10-year risk for cardiovascular
disease among Omani diabetic adults aged =40 years
according to different risk reduction scenarios and risk
tools*1® between 1991-2008* (N = 1,077)

Survey year'
1991 2000 2008
(n=379) (n=470) (n=228)
Current risk
Mean SCORE risk 3.5 5.7 6.6
(0.3) (0.4) (0.7)
Mean DECODE risk 2.5 3.3 35
(0.2) (0.2) 0.2)
WHO/ISH risk in % 26.1 37.3 47.1
with risk >30% (2.3) (2.2) (4.6)
Smoking elimination scenario
Mean SCORE risk 3.4 5.3 6.3
(0.3) (0.4) 0.7)
Mean DECODE risk 2.4 3.1 3.2
(0.2) (0.2) 0.2)
WHO/ISH risk in % 25.3 36.2 45.5
with risk >30% (2.3) (2.2) (4.6)
SBP <130 mmHg scenario
Mean SCORE risk 2.2 3.9 3.9
(0.2) (0.3) (0.3)
Mean DECODE risk 1.7 2.4 2.4
0.1) (0.1) (0.2)
WHO/ISH charts in % 15.3 25.6 32.5
with risk >30% (1.9 (2.1) (4.5)
TC level <5.2 mmol/L scenario
Mean SCORE risk 2.9 4.7 5.8
(0.3) (0.4) (0.6)
Mean DECODE risk 2.2 3.0 3.2
0.1) 0.1) (0.2)
WHO/ISH risk in % 26.1 36.9 471
with risk >30% (2.3) (2.2) (4.6)
Overall combined scenario
Mean SCORE risk 1.7 3.0 3.2
0.1) (0.2) (0.3)
Mean DECODE risk 1.4 2.0 2.1
0.1) 0.1) 0.1)
WHO/ISH risk in % 14.7 27.7 31.8
with risk 230% (1.9) (2.1) (4.5)

SCORE = Systematic COronary Risk Evaluation; DECODE = Diabetes
Epidemiology Collaborative Analysis of Diagnostic Criteria in Europe;
WHO/ISH = World Health Organization/International Society of
Hypertension; SBP = systolic blood pressure; TC = total cholesterol.

*Data from three population-based national surveys.*" "Numbers in
brackets signify standard error.

women. In a study of 2,551 people with diabetes,
Al-Lawati et al. reported that men, on average, were
older and had worse glycaemic and lipid profiles
(glycated haemoglobin Alc 7% and TC 5.2 mmol/L)
compared to women.?? Thus, the gender difference

may be due at least partly to increased biological CVD
risk levels in men,” as well as a higher prevalence
of behavioural risk factors among males (e.g. the
prevalence of daily smoking in men is 14.8% compared
to <0.5% in women).!? Furthermore, the mean age of
the subjects increased by seven years over the span
of two decades and this may also partially explain
the increase in CVD risk in the total cohort. A small
intervention study found that treatment plans were
adhered to more closely among women than men;
this may also partially explain the gender difference.**
It is also possible that the observed gender difference
is a function of the equations used by the three risk
tools to estimate 10-year CVD risk. Further research
on ways to improve the implementation of diabetes
management guidelines in Oman may prove useful in
reducing gender disparities in CVD risk.

In the current study, the possible impact of
hypothetical scenarios on 10-year CVD risk reduction
was assessed. Among the risk factors studied (smoking,
high cholesterol and hypertension), the analysis
revealed that reducing SBP to <130 mmHg would
result in the greatest reduction in 10-year CVD risk for
the Omani population. In contrast, a similar analysis
in the USA using the UK Prospective Diabetes Study
(UKPDS) risk engine determined that reducing TC
to <5.2 mmol/L and raising high-density lipoprotein
levels to 1.05 mmol/L in men and 1.3 mmol/L in
women were the factors that would most significantly
reduce the 10-year coronary risk in their population.'®
This difference is possibly due to decreasing TC levels
and a simultaneous increase in hypertension among
the general population of Oman.’**® More intense
population-based efforts to address risk factors for
hypertension in Oman are warranted, particularly
regarding behavioural risks such as high salt intake,
unhealthy diets and physical inactivity. The WHO
has identified the most cost-effective interventions to
address CVD risk factors fueling the global epidemic
of non-communicable diseases;* these could be used
to guide public health action in Oman.

Suboptimal management of glycaemia and
cardiovascular risk factors among individuals with
diabetes has been reported widely.” Similar concerns
have been raised regarding the quality of care provided
for diabetic patients in Oman.”*?* Based on local
evidence, strengthening patient education and self-
management, training health workers in the primary
care setting on behavioural change and redesigning
delivery of care systems at the local level have been
identified as key factors to improving quality of
care*® In addition, promoting more aggressive
diabetes management may decrease the incidence of
CVD.31—35
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The strength of the current study lies in the
utilisation of three population-based national surveys
with similar methodologies to estimate the 10-year
CVD risk among Omanis with diabetes. However,
some uncertainty exists regarding the reported age
of participants. All studied cohorts were born before
or around 1968 when the entire country had only
one hospital. At this time, birth registration was not
a statutory requirement; even during the 1970s and
1980s, there was no emphasis on registering events
such as deaths or births.*® It is possible, therefore,
that the selected sample of adults does not include all
those who were eligible for inclusion in this study due
to inaccurate reporting among older adults. This may
therefore have diluted the real mean estimates of the
10-year CVD risk. A second source of bias may have
been introduced with missing variables, particularly
with data obtained from the 2008 survey, as
approximately 700 blood samples were not obtained.
This missing data may indicate that certain subjects
were excluded (for example, diabetic subjects who
did not attend a scheduled blood test), thereby
further diluting the measured effect on CVD trends.
In addition, CVD-free status was self-reported by
participants and not objectively verified. Given
that illness-denial is not uncommon among survey
subjects,” this may have resulted in an overestimation
of the 10-year CVD risk. A further limitation of this
study was that two of the tools used to estimate 10-year
CVD risk (SCORE and DECODE) were developed for
European patients who are likely to differ from an Arab
population in the Middle East. A study by Coleman
et al. determined that these tools were not reliable
across all patient populations.® This factor may have
biased risk estimates. Finally, the SCORE risk tool
did not include any variable on glucose status as
diabetes is often regarded as a coronary heart disease
risk equivalent.®*® Nonetheless, this tool was used
in the current study to evaluate CVD risk in people
with diabetes.

Conclusion

The increasing incidence of diabetes and associated
risk factors for CVD is a serious public health concern
in Oman. Using risk prediction tools, this study found
an increasing trend in the 10-year CVD risk among
both men and women with diabetes in Oman between
1991-2008. Focused community-based public health
action based on recognised interventions to address
behavioural risks for CVD should be a priority.
Improving the quality of care, both at the individual and
health system level, requires extra clinical emphasis
in addition to personnel and financial resources.
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Further research on population- and individual-based
interventions should be undertaken to guide specific
public health actions to minimise the CVD risk among
diabetic patients in Oman.
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