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ABSTRACT
NEGM ELDIN, REHAM, H.., Masters of Science : June : 2017:], Public Health
Title: CAROTID INTIMA MEDIA THICKNESS (CIMT) AND CARDIVASCULAR RISK
ASSESMENT: ANALYSIS OF QATAR BIOBANK DATA
Supervisor of Thesis: Dr. Lukman Thalib.

Background: Ultra-sonographic measurement of Carotid Intima Media Thickness
(CIMT) has been stated as a technique to detect the early stages of atherosclerosis. CIMT
is a newly established, safe, noninvasive and cost effective subclinical atherosclerosis
marker that have been associated with identifying any increased cardiovascular risk even
in subjects with low and intermediate risk. This study aimed to explore different
socioeconomic and lifestyle factors, clinical measurements and biomedical laboratory
markers as potential predictors of CIMT.
Methods: In addition to descriptive exploratory analysis to analyze the baseline
characteristics of the study risk groups, further appropriate univariate regression models
were performed for all lifestyle factors, clinical measurements and biomedical laboratory
markers as potential predictors of CIMT. This initial univariate analysis was followed by
a purposeful selection multivariate regression analysis technique and goodness of fit study
of the fitted model.
Results: The study population was 1425 participants having CIMT values recorded,
of which 960 (67.4%) had CIMT below 75th percentile for their gender and age and were
hence termed as per evidence as low risk for CVD. The rest of the population 465 (32.6%)
were having CIMT above 75th percentile and were termed as high risk for CVD. The age
groups 18 – 35, >35 – 55 and >55 had 28.7 %, 39.9 5 , 48.7% of them with high risk level
ii

of CIMT respectively. 861 of the population were females versus 564 males. 36.8% of the
females were High risk while only 26.2 % of the men were high risk.. The main effects
model was fitted with five main predictors; systolic blood pressure, C-reactive protein
(CRP), gender, waist and high density lipoprotein (HDL) and interactions between HDL
and systolic blood pressure and Waist.
Conclusion: In this study we found significant association between CIMT and various
CVD risk factors such as age, gender, hypertension, diabetes, hypercholesterolemia, BMI,
lipids profile. These findings are consistent with the existing literature on CIMT and
provide an indirect validation of our data. This study results can permit for good
comparative effort with current and future studies in Middle East. Moreover, the study can
be used to develop a simple, noninvasive yet sensitive risk-prediction tool to identify the
population at risk of CVD, which is a powerful public health strategy that can be more
generalized to healthcare service.
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1. INTRODUCTION
The World Health Organization (WHO) predicts that Cardiovascular diseases
(CVD) would be the leading cause of morbidity and mortality in the developing countries
by the year 2020.1 In Qatar, CVD and other related Non Communicable Diseases (NCD)
have been the leading cause of death in the last 10 years (Figure 1).7

Figure 1. The most common diseases leading to death (Qatar – 2010) Death rate by
100,000 population 10

The diseases of the circulatory system were identified by the Qatar STEPS survey
report for 2012 to be one of the top causes of death during the period 2004–2010.2
Further, the Qatar Global Burden of Diseases profile concluded that the ischemic heart
disease ranked one of the top causes, in terms of the number of years of life lost due to
premature death in Qatar in 2010.3 Figure 2 shows the top 10 causes of death by rate in
2015 and percent change, 2005-2015 by the Institute for Health Metrics and Evaluation
(IHME)
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Figure 2: Top 10 causes of death by rate in 2015 and percent change, 2005-2015, by the
Institute for Health Metrics and Evaluation (IHME)

It has been established that people with CVD or who are at high risk for CVD,
benefits significantly from early detection and management using counselling and
medicines, as appropriate.4 Yet, any early detection and subsequent prevention relies
heavily on the ability to accurately, identify the individuals who are at high risk of
developing CVD. Thus, there is a pressing need to diagnose subclinical atherosclerosis
to facilitate optimum CVD risk stratification in asymptomatic individuals.
Ultra-sonographic measurement of Carotid Intima Media Thickness (CIMT) has
been reported as a technique to detect the early stages of atherosclerosis. CIMT is a newly
established, safe, noninvasive and cost effective subclinical atherosclerosis marker that
have been associated with identifying any increased cardiovascular risk even in subjects
with low and intermediate risk.5
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Using the data from Qatar biobank (QBB), this study aimed to explore different
socio-economic and lifestyle factors, clinical measurements and biomedical laboratory
markers as potential predictors of CIMT, a surrogate of CVD outcomes. This study is a
first step in understanding the current situation with regards to prevalence of CVD risk
factors and distribution of CIMT in the Qatari population to generate further research
hypothesis. This study results shown would permit for good comparative effort with
current and future studies in Middle East. Also the study can be used to develop a simple,
non -invasive yet sensitive risk-prediction tool to identify the population at risk of CVD,
which is a powerful public health strategy that can be more generalized to healthcare
service.

.
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2. BACKGROUND AND LITERATURE REVIEW
2.1. Regional and National Disease Burden
In 2012, Non-communicable diseases (NCD) were responsible for 68% of the 56
million deaths recorded around the world.6 A recent report by the Qatar supreme council
of health has shown that, in the coming years, the Gulf Cooperation Council (GCC) is
likely to be affected dramatically by NCD. With regards to economic burden and disabilityadjusted life years, Qatar will be most affected by the 5 top NCDS; cardiovascular diseases,
mental and behavioral disorders, cancer, respiratory diseases and diabetes.7 Despite of the
different sequel of those diseases, they have common causes related to behavioral or
lifestyle risk factors such as fat rich diet, insufficient exercise and tobacco use,.8 Most of
those risk factors, such as fat and sugar rich diet and physical inactivity, are related to
adopting high income developed countries lifestyle and change in demographics,.9
2.1.1.

CVD burden regionally and nationally.

Among the NCD burden, CVD is the leading cause of death worldwide. In 2012,
31% of all global deaths which is approximately 17.5 million people died from CVDs. 7.4
and 6.7 million deaths of which were due to coronary heart and stroke respectively. More
than 75% of those CVD deaths take place in low- and middle-income countries. 82% of
the 16 million deaths, under the age of 70, due to NCDs, are in low and middle income
countries and 37% are caused by CVDs.4 In this context, the Gulf region of the Middle
East has experienced a significant epidemiological and socioeconomic transition over the
past 40 years that led to increasing prevalence of CVD risk factors.11 The WHO, Noncommunicable Diseases Country Profiles for 2011, estimated the proportion of CVD
deaths to be high in Saudi Arabia (42%), the UAE (38%), Bahrain (32%) and Qatar (23%).
4

Furthermore, it has been predicted that cardiovascular disease will become an enormous
cost burden for the GCC.
A systematic review has revealed that those affected by CVD in GCC countries were
younger than in some developing and developed countries13. Although there was lack of
nationally representative data on the prevalence of CVD in the region, high prevalence of
key risk factors have been reported. This was apparent with the multiple reports on the
high levels of risk factors, with patterns that were very similar amongst the Arabian Gulf
population. Such higher prevalence of risk factors were attributable to similarity in
lifestyle, culture, religion and shared environmental factors between these countries.13 For
instance, studies have shown higher prevalence of type 2 diabetes (15-18%) among adult
populations14,15 Obesity 16 and smoking 17 in the Arabian Gulf populations. There were also
reports on some variability in the CVD events across the GCC countries, whereas, those
more affluent countries, like Qatar and Kuwait experiencing CVD events that occur 5 to
10 years younger on average than those less oil-rich GCC countries such as Yemen and
Oman.18
2.1.2.

CVD prevalence in Qatar.

Yet, there is a paucity of published data on valid estimates of prevalence of CVD
risks or events in Qatar. The Qatar biobank pilot study, is one of the few studies that
evaluated the CVD risk among people in Qatar has shown that due to overweight/obesity,
76.6 % male and 70.4% female participants are at risk of developing CVD and that total
37% of the participants have borderline or high levels of total cholesterol,. Likewise, 52.7%
of male and 31.7% of female participants were categorized as being hypertensive or
recorded high normal/pre-hypertensive levels and despite being on medications, 21.3% of
5

male and 15.6% of female participants who were categorized as hypertensive were still
considered hypertensive. 19
Another study that looked into 10- year risk of coronary heart disease amongst 369
Qatar Petroleum workers based on periodic medical examination demonstrated 69.9% of
the subjects were categorized as low risk as per Framingham risk scores. They classified
27.1% and 2.9% of their workers to have as intermediate and as high risk, respectively.20
However, findings from this study were considered to be seriously flawed by the healthy
worker effect as such the validity of the findings were questionable. Given that the CVD
is considered to be the leading cause of mortality and morbidity, lack of validated data is a
major constraint in developed evidenced public health policies related to the control and
successful prevention of CVD in Qatar.
2.2. Economic impact
In addition to the disease burden associated with NCD, economic cost of managing
these diseases have been enormous. Some reports that compared the cost of managing NCD
among the GCC countries demonstrated that in Qatar NCD’s cost $416 per capita of total
healthcare spending, which is 22% of the total health care cost in Qatar in 2013. It is
interesting to note that neighboring GCC countries like Bahrain, Kuwait, Saudi Arabia, and
the UAE spent only around 7% - 11% of their healthcare spending on managing NCDs.10
which is expected to double by 2025. Meaning that the expenditure for CVD will grow at
a double rate of that for health care as a whole 12
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2.3. CVD Risk Scores
With such spread of the CVD pandemic, there is a global, regional and local mandate
to detect the individuals at risk and focus on the primary prevention of CVD through the
modification and management of prevalent risk factors. A well-established primary
prevention strategy uses prediction rules or risk scores to identify those at higher risk.
Individuals identified to be at higher risk can then be targeted for specific behavioral or
drug interventions. In this context, researchers have suggested the use of various risk
stratification tools and scores in asymptomatic individuals to estimates individual 10-year
risk of death from CVD. These risk scores were developed using a range of observational
studies that identified the major CVD risk factors. These were subsequently incorporated
into the development of a number of risk assessment systems/scores now in use.21
The most commonly used score is that originally developed in the Framingham study
in the early 1970s, using 5,573 American men and women. The Framingham Risk Score
(FRS) was shown to be performing well in America, but not so well in other populations.22
Nonetheless, Framingham study has provided profound knowledge base on atherosclerosis
and CVD disease risk factors that all subsequent risk assessment studies relied on.23,24
Since Framingham study, there were a number of cohort studies that aimed at
refining the risk scores based on well-established CVD risk factors. However, this
approach of using traditional risk factors alone in the model, had demonstrated limited
performance in the Multi-Ethnic Study of Atherosclerosis (MESA).25 DeFilippis et al.
evaluated the performance of five major risk factor based scores. They used scores
developed by the new American Heart Association (AHA) and American College of
Cardiology (ACC) atherosclerotic cardiovascular disease (ASCVD) risk score (AHA7

ACC-ASCVD score) as well as three older Framingham-based risk and the Reynolds Risk
Score. They could demonstrate that these risk factor based assessment tools overestimated
the risk by a range of 25% to 115%. Overestimation of CVD risk may have substantial
implications for individual patients and the health care system.
Another study including 68 randomly selected patients with Type 2 Diabetes
Mellitus T2DM with no history or symptoms of CVD studied different risk assessment
scores and tools used to estimate the CVD risk such as the United Kingdom Prospective
Diabetes study (UKPDS) risk score, FRS and WHO risk score. The study aimed to test the
ability of CVD risk scores to predict underlying atherosclerotic in most developing
countries.26 and the association between such scores and CIMT, a surrogate marker of
atherosclerosis. It is proven that both UKPDS risk engine and FRS have nearly similar
ability in identifying subclinical atherosclerotic vascular disease in patients with type 2
diabetes mellitus (T2DM) and they had positive but weak associations with CIMT and
moderate agreement between them, which shows the need of developing countries for
developing a more reliable and sensitive CVD risk assessment tool.
An average of eight predictors were used by most of the prediction models to predict
10-year risk. Most commonly used of which were age, gender, systolic blood pressure,
diabetes, smoking, and cholesterol levels (Appendix B)
Figure 3 shows the Main categories of predictors included in several developed
models.67
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Figure 3 shows the Main categories of predictors included in several developed models67
2.4. Limitations of CVD Risk Scores and the Emergence of Imaging Surrogates
Several studies also highlighted concerns about possible limitations of the FRS

27

including lack of race and ethnic diversity in the derivation sample and the absence of
certain newly identified risk factors. This led to the development of competing risk scores
including the Reynolds risk score (RRS). The 2008, RRS added family history and high
sensitivity C-reactive protein (hsCRP) to the risk algorithm along with the traditional
Framingham risk factors.28
Such limitations in the use of risk factor based risk scores have led to the emergence
of an increasing interest in searching for new markers of atherosclerosis.

29

Several risk

markers have been proposed to improve CHD risk prediction when added to the evidenced
Framingham risk factors. In MESA, these most prominently have included measures of
subclinical CVD (Coronary artery calcium (CAC), CIMT, carotid plaque, and ankle
brachial index), vascular function (flow-mediated dilation), inflammation (especially
hsCRP), and family history of CHD. 28
9

In this context, researchers have suggested the use of atherosclerosis imaging
surrogates to refine the conventional heart scores. Such an approach was thought to
improve the adherence and better matching of preventive interventions based on more
realistic magnitude of risk, in particular among the low-medium risk patients and in young
populations 30
2.5. Carotid Artery Intima-Media Thickness (CIMT), as a surrogate of subclinical
atherosclerosis and CVD risk predictor
Among the genetic and radiological markers which were proposed to be valid and
reliable proxies for CVD events, was the CIMT. The B-mode ultrasound imaging of carotid
arteries is a safe and available, noninvasive diagnostic tool for the detection of subclinical
atherosclerosis, as well as cardiovascular and stroke event risk stratifications, by measuring
the CIMT., a technique that is safe and carries no risk of radiation exposure.34 There is a
need to encourage randomized, controlled clinical trials on the efficacy of image-guided
risk assessment yet most of the observational cohort and prospective longitudinal studies
support the use of noninvasive imaging assessment, especially in intermediate risk groups.
It is noted that although the value of image-guided management using carotid calcium score
and CIMT, in particular, has not yet been proven using randomized, controlled prospective
studies, yet the Framingham score-based management has also not been proven by similar
randomized, controlled clinical trials. In that context image guided assessment is accepted
as a reasonable strategy for risk detection, although, researchers have debated judging
imaging-based risk assessment by a different standard although its prognostic value has
been established to be a significant value add to FRS, especially in low and intermediaterisk categories.31
10

Findings from a cohort study supported the significant impact that subclinical
atherosclerosis detection adds to FRS risk assessment, thus supporting it’s use to refine
cardiovascular risk assessment. In the same prospective cohort, the presence of coronary
calcification was associated with an independent 3-fold greater likelihood of statin and
aspirin usage. 32
Gepner et al. compared the predictive use of CAC, carotid plaque, and CIMT for
incident CVD, CHD, and stroke/transient ischemic attack. CAC presence was the strongest
predictor of CVD events after adjustment for traditional risk factors (HR: 3.12; 95% CI:
2.44 to 3.99). Presence of carotid plaque was also significantly associated with incident
CVD (HR: 1.61; 95% CI: 1.17 to 2.21). Carotid plaque/CIMT 75th percentile was a better
predictor of CVD than carotid plaque alone (HR: 2.06; 95% CI: 1.46 to 2.91). CAC
presence was a stronger predictor of CHD events (HR: 4.48; 95% CI: 3.24 to 6.17) than
CVD. CAC presence, carotid plaque presence, and carotid plaque/CIMT 75th percentile
independently predicted stroke/transient ischemic attack (HR: 1.54; 95% CI 1.09 to 2.18,
HR: 1.40; 95% CI: 1.35 to 1.45, and HR: 1.86; 95% CI: 1.10 to 3.13) respectively.

33

In a meta- analysis on eight relevant general population-based cohort studies,
involving a total of 37,197 subjects followed for a mean of 5.5 years, it has been concluded
that CIMT was able to predict future CV events. Every 0.1 mm increase in the CIMT was
associated with an increase in the future risk of Myocardial Infarction (MI) and stroke by
10–15%, and 13–18% respectively.35 For each SD greater level of log transformed carotid
calcium score there was a 2.1-fold increase in the traditional risk factor-adjusted hazard
versus 1.3-fold increase for each SD greater maximum CIMT.
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In several studies, CIMT was established as a marker of subclinical atherosclerosis
which is associated with evidenced risk factors for CVD and with both prevalent and
incident CVD. There is widespread use of CIMT in outcome trials as a surrogate of CVD
outcomes.36 Over 20 cohort studies on subjects with or without history of previous vascular
disease or CVD risk factors, showed reliably that increased CIMT relates to increased
cardiovascular risk, independent of evidenced CVD risk factors.36
The Multi-Ethnic Study of Atherosclerosis (MESA), of asymptomatic subjects,
compared the ASCVD risk score (ACC/AHA; 2013), Framingham-based risk scores, and
the RRS for the prediction of atherosclerotic CVD events. The study established that
independent of established vascular risk factors and above 75th percentile for a person’s
age and sex, the CIMT was associated with future risk of myocardial infarction, stroke, and
death from coronary heart disease, 33, 34, 37 38
In another meta-analysis, they concluded that the use of CIMT measurements over
time is a valid, suitable, and evidence-based choice to evaluate the effect of a
pharmaceutical intervention. Such interventions are expected to beneficially affect
atherosclerosis progression and to reduce CVD event risk since a graded relation existed
between raising LDL cholesterol and increased CIMT which predicted future vascular.
Also, lipid-lowering therapy was also shown to affect CIMT progression within 12–18
months.39
The ARIC (Atherosclerosis Risk In Communities) study concluded that including
CIMT and the presence or absence of plaque improved coronary heart disease (CHD) risk
prediction when added to traditional risk factors.40 The Rotterdam study followed a large
group of non-diabetic people, with no history of CVD for a median of 12.2 years. They
12

looked into whether using CIMT measurement we could classify individuals into low
(<10%), intermediate (10-20%) and high (>20%) 10-year risk groups of stroke and CHD,
compared to FRS based models. They proved that only for women of old age, but not of
men, CIMT added value to traditional risk factors in the CVD risk stratification.41
Appendix A is a summary of the large studies focusing on the prognostic value of CIMT.42
2.5.1.

Guidelines recommendations with regards to CIMT

The European guidelines on cardiovascular disease prevention in clinical practice
recommends that individuals with a moderate CVD risk (1% - 5% 10-year risk of fatal
CVD), should be considered for carotid artery ultrasound for CIMT measurement and/or
screening for atherosclerotic plaques. The fact is that a huge percentage of middle-aged
adults who are asymptomatic belong to this category. Also, the European Society of
Cardiology (ESC) / European Society of Hypertension (ESH) guidelines (2013)
recommend hypertensive individuals at moderate risk for carotid arteries ultrasound
scanning in search for vascular hypertrophy or asymptomatic atherosclerosis. They advised
to measure CIMT to detect asymptomatic vascular damage and target organ damage as an
independent predictor of cardiovascular death. Damage was defined as the presence of
CIMT >0.9 mm or plaque.43
The American Society of Echocardiography (ASE) (2012); recommend Carotid
ultrasound scanning to refine FRS cardiovascular disease risk assessment in patients at
intermediate risk: 6-20% 10-year risk of myocardial infarction or coronary heart disease
death, without established coronary artery disease or its equivalents, those with a family
history of premature cardiovascular disease in a first-degree relative, individuals younger
than 60 years old with severe abnormalities in a single risk factor who otherwise would not
13

be candidates for pharmacotherapy and women younger than 60 years old with at least two
risk factors.44 On the other hand, the ACC/AHA guidelines on the assessment of
cardiovascular risk (2013) did not recommend ultrasound CIMT routine measurement for
risk assessment in a first atherosclerotic CVD event neither is serial studies of CIMT to
assess progression or regression in individual patients.
In the absence of larger cohort with long term follow up, that can identify the risk
factors related to long term health events in countries like Qatar, one option is to look for
sensitive markers of long term health events. The objective of this study examines the
association of the CIMT with established CVD risk factors to develop a noninvasive
cardiac score in low, intermediate risk Qatari population. The study also explores the
prevalence of CVD risk factors and the distribution of carotid intima-media thickness
(CIMT) in Qatari population represented by Qatar Biobank (QBB) sample.

14

3. RESEARCH METHODES
3.1. Study Design:
This is an analytic cross-sectional study, exploring the association between
socioeconomic and lifestyle factors, clinical measurements and biomedical laboratory tests
as predictors and risk factors of cardiovascular diseases and the CIMT as a surrogate of
CVD outcomes, as per the Qatar biobank data collected from a total of 3018 Qatari subjects
till February 2016.
3.2. Study population
Qatari nationals aged 18 or more years (3018 subjects), who comprise the eligible
population and presented as volunteer subjects to the QBB.
As the focus of the study being on association between outcome and potential
predictors, rather than estimating the prevalence per se, the QBB study sample being not
random is considered less critical.
3.2.1.

Inclusion and Exclusion Criteria:

Only 1425 participants with CIMT measurement (left and/or right CIMT
measurement) were included without any exclusion. The remaining 1593 subjects were
missing their CIMT measurement. All the available data were used to maximize the power
of the study, given the association were tested using multiple regression methods

15

3.3. Description of variables:
3.3.1.

Risk factors:

The data used was obtained by comprehensive questionnaire information, clinical
examination and biological samples. The data used were the literature evident predictors
of CVD and related risk factors such as socio-demographic factors, current and past health,
family history of health conditions, smoking habits (cigarettes and water pipe or shisha),
physical activity levels, sleeping patterns, diet, lifestyle 19
Most of literature studying CVD risk factors were targeting the study of age group
with a lower cut off from 35 to 50 years of age. However, as in middle eastern population
the incidence of CVD is higher in younger population age

13, 18

, our population will be

stratified to three groups; young 18-35, middle >35-55, old > 55.
The data also included anthropometry and body composition (Height, weight, waist
circumference and Bioimpedance analysis (Tanita)), blood pressure (used average of two,
or three times measurements if first and second measurements differed by ≥5 mm Hg) and
respiratory function using Pneumotrac Vitalograph Spirometry test. Hematology and blood
biochemistry were analyzed by the laboratories of the Hamad Medical Centre Laboratory,
Doha. Clinical biomarkers used were CRP, Cholesterol, Fibrinogen, Fasting Glucose,
HBA1C, HDL, LDL and Triglycerides.

16

3.3.2.

Outcome variable:

The approach of using CIMT as a surrogate of CVD outcomes was taken in this
study, since it is evidenced and widespread.36 The cut-off of 75th percentile was chosen
based on results from previous studies pointing to highly increased risk of future
cardiovascular events when progression rates exceed the 75th percentile. In literature, the
CIMT cutoff points are based on some large population studies, where normal CIMT
values were defined.46 CIMT above the 75th percentile of average for the age, gender were
considered an abnormal result, and people with CIMT in less than the 50th percentile were
classified in the low risk group.47 Also, in the report of the Screening for Heart Attack
Prevention and Education Task Force, individuals were categorized into high, average and
low risk according to CIMT values. High category was indicative of increased
cardiovascular risk where CIMT was ≥ 75th percentile. Measurement values from the 25th
to the 75th percentile are categorized as average risk and indicative of unchanged
cardiovascular risk. Lower than the expected cardiovascular risk had values ≤ 25th
percentile.48
The QBB studied intima media thickness was studied using 3D carotid ultrasound
imaging of both left and right carotid arteries using a Philips ultrasound system and
mechano‐transducer probe. (Figure 4) It is better noted that all IMT studies included in this
study were done and analyzed by same single radiographer.
Average CIMT (Outcome surrogate/dependent variable): Mean CIMT values were
used, as it is more reproducible than maximal values. It is calculated as the average value
of CIMT in mm between right and left CIMT 49
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Figure 4: Longitudinal image of carotid bifurcation showing distal part of common carotid
artery, carotid bifurcation and the proximal segment of external and internal carotid
arteries. CIMT is defined as a double-line pattern visualized by echo 2D on both walls of
the common carotid artery (CCA) in a longitudinal view. Two parallel lines (leading edges
of two anatomical boundries) from it: lumen intima and media-adventitia interfaces
3.4. Analysis plan and Statistical Analysis Methods
Standard descriptive analysis was performed to analyze the baseline characteristics of
the study risk groups. Continuous values were expressed as mean, standard deviation and
median with minimum and maximum values. The categorical values are displayed as actual
numbers with percentages. Variables like BMI, CRP, cholesterol, fibrinogen, fasting
glucose, HBA1C, HDL, LDL, Triglycerides were analyzed as continues & categorical data.
A comorbidities index and family comorbidities index were calculated based on the
presence of one to five comorbidities
The Average CIMT variable was coded as a binary variable using evident CIMT 75th
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percentile cutoffs as follows: CIMT below 75th percentile for age and gender; low risk
CVD group and CIMT above 75th percentile for age and gender; High risk CVD group.
(Appendix E)
Pearson's chi-squared test were used to explore statistically significant association
between the literature evident predictors of CVD and related risk factors and the CIMT risk
groups. Also, Fisher exact test was employed when sample sizes are small. Cochran–
Armitage test for trend was used to compute P value in case of ordinal
predictor/independent variables. This approach was used to modify the Pearson chisquared test to incorporate a suspected ordering in the effects of the k categories of the
predictor/independent variable.
In addition to descriptive exploratory analysis, further appropriate univariate
regression models were performed for all lifestyle factors, clinical measurements and
biomedical laboratory markers as potential predictors of CIMT.
This initial univariate analysis was followed by a purposeful selection multivariate
regression analysis technique that included all the clinically meaningful predictors that
were statistically confirmed as significant at P value less than 0.25.This constituted the
initial full multivariable model. The P-value of each covariate Wald-statistics was used to
drop all covariates with P-value >0.05. Later on, Likelihood ratio test was used to compare
the initial full multivariable model and the smaller model and to prove that the smaller
model was a better fit. Variables were considered confounders if >20% change in the β
coefficient of variables in the smaller model. The clinically significant individual
covariates excluded in univariate analysis were then added one by one to the model and
judged to their P values.
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The main effects model was then considered for all possible interactions between
pairs of included covariates. This was followed by goodness of fit study using HosmerLemeshow test, Classification study, Receiver operating characteristics (ROC) Area and
specification errors analysis to prove that the model has all the relevant predictors and the
linear combination of these predictors was sufficient. Stata 14 software was used for data
analysis.
3.5. Ethical approval:
The QBB data and specimens collection was performed in accordance with the ethical
guidelines of the Declaration of Helsinki and all participants gave informed consent. QBB
Institutional Review Board (IRB) approval was obtained from the Hamad Medical
Corporation Ethics Committee. The QBB-IRB approval was obtained to use unidentified
data for this research. (IRB number: QF-QBB-RES-ACC-0051, approved on 26/12/2016)
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4. RESULTS
The study population were 3018 participants with 1425 participants having CIMT
values recorded, of which 960 (67.4%) had CIMT below 75th percentile for their gender
and age and were hence termed as per evidence as low risk for CVD. The rest of the
population 465 (32.6%) were having CIMT above 75th percentile for their gender and age
and were termed as high risk for CVD.
Table 1 shows the CIMT distribution, mean, median and 75th percentile values of
mean CIMT were derived for each age-group, for men and women separately, while Figure
5 shows the histogram distribution of the average CIMT values.

Table 1: Age- and gender-wise distribution of mean carotid intima-media thickness (CIMT) 1 in the
study population. (N=1425)
Men (N= 564 )
Females (N= 861)
N
Mean (SD)
Median 75th
N
Mean (SD)
Median 75th
percentile
percentile
Age
18 – 35
219
0.48 (0.06) 0.47
0.52
383 0.46 (0.04)
0.45
0.48
>35 – 55 280
0.54 (0.09) 0.53
0.59
367 0.54 ( 0.08)
0.53
0.58
>55
65
0.66 (0.13) 0.66
0.75
111 0.62 ( 0.09)
0.62
0.68
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Figure 5: Histogram showing average CIMT distribution in the study population

Table 2 summarizes the demographics of the study population among the two risk
levels of CIMT. The age groups 18 – 35, >35 – 55 and >55 had 28.7 %, 39.9 % , 48.3% of
them with high risk level of CIMT respectively. 861 of the population were females versus
564 males. 36.8% of the females were High risk while only 26.2 % of the men were high
risk. The association between age or gender and CIMT was statistically significant ( P
<0.001) for both variables.
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Table 2 : Association between demographics & risk levels of CIMT (N=1425)
Predictors
Low Risk
N (%)
Overall
Age
18 – 35
>35 – 55
>55
Gender
Male
Female

Average CIMT1
High risk2
N (%)

960 (67.4)

465 (32.6)

429 (71.3)
440 (68.1)
91 (51.7)

173 (28.7)
207 (39.9)
85 (48.3)

416 (73.8)
544 (63.2)

148 (26.2)
317 (36.8)

1. Average CIMT is the average value in mm., between right and left Carotid intima media thickness.
2. CIMT risk stratification is around 75th percentile , as per age and gender

Table 3 shows the association between socio-economic status and the risk levels of
CIMT. Monthly Income, house ownership status, level of education and current
employment status were all statistically significantly related to the level of CIMT risk. The
risk seemed to increase as the income and level of education decrease. On the contrary the
subgroup with house outright had higher risk CIMT levels than the mortgage, rented and
employer provided groups. Stratification analysis showed that age confounded the house
ownership, where older participants owned their houses while younger participants rented
or had employer provided residential. The same case was seen with the employment status,
where the retired had higher risk due to age confounding the association.
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Table 4 showed the association between the different physical activity factors and the
CIMT risk levels. Hours spent sitting was the most significantly associated with risk, yet
in a direction opposite to the expected plausible hypothesis that more sitting would lead to
higher risk of atherosclerosis and CVD. In our analysis, the subgroup long sitting more
than 12 hours per days were having the less risk than the rest of the subgroups (Short,
sitting <5 hour/day and Moderate, sitting 5-12 hours) with percentage with high risk CIMT
of (29.8%), (37.2%) and (30.8%) respectively. Again confounding by age explained this
finding. Almost two third the of subgroup long sitting more than 12 hours per days (60.3%)
were of young age (18 -35 years) while two third the subgroup Short, sitting <5 hour/day
were >35 years old. Also the subgroup sitting longer seemed to do more vigorous exercise
(17.4%) than the group sitting shorter (11.84) with significant P value 0.001.
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Table 3 : Association between socio-economic status & risk level of CIMT (N=1425)
Predictors
Low Risk
N (%)
Overall
Monthly Income in QR per month 3
Less than 10,000
Between 10,000 and 49,999
More than 50,000
House ownership 4
Rented
Employer provided
Mortgage
Outright

3.
4.
5.
6.
7.
8.
9.

960 (67.4)

Average CIMT1
High risk2
N (%)

P value

465 (32.6)
0.011 7

682 (65.4)
185 (74.3)
32 (72.7)

360 (34.6)
64 (25.7)
12 (27.2)

89 (76.1)
32 (72.7)
96 (72.7)
682 (65.4)

28 (23.9)
12 (27.3)
36 (27.3)
360 (34.6)

0.045

Level of education 5
Primary or less
Secondary or technical
University or more

0.002 7
43 (50.0)
301 (66.7)
615 (69.4)

43 (50.0)
150 (33.3)
271 (30.6)

Current Employment Status 6
Employed or business owner
Housewife or Unemployed
Retired
Student or trainee

599 (69.9)
147 (62.8)
84 (55.6)
88 (72.1)

257 (30.1)
87 (37.2)
67 (44.4)
34 (27.9)

0.001

Average CIMT is the average value in mm., between right and left Carotid intima media thickness.
CIMT risk stratification is around 75th percentile , as per age and gender
Monthly income: 90 observations “Do Not Know” or “Prefer Not to Answer”
House ownership: 88 observations “None of the above” or “Prefer Not to Answer”
Level of education: 2 observations “None of the above” or “Prefer Not to Answer”
Current Employment status: 62 observations “None of the above” or “Prefer Not to Answer”
P value computed using chi-square test for trend

Neither the hours of sleep nor the level of physical activity as per the Metabolic
Equivalent of Task (MET) intensities seems to be significantly associated with the CIMT
level of risk. (Table 4)
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Table 4 : Association between Physical Activity & risk level of CIMT (N=1425)
Predictors
Low Risk
N (%)
Overall
MET intensities 3
No Activity
Low MET (<3)
Moderate MET (3-6)
Vigorous MET (>6)
Time spent sitting in the past week 4
Short, sitting <5 hour/day
Moderate, sitting 5-12
Long, >12 hours/day
Hours of sleep in 24 hours 5
<5
5-8
>8
1.
2.
3.
4.
5.
6.

960 (67.4)

Average CIMT1
High risk2
N (%)

P value

465 (32.6)
0.23 6

340 (65.5)
357 (68.4)
79 (63.7)
184 (70.8)

179 (34.5)
165 (31.6)
45 (36.3)
76 (29.2)
0.05 6

191 (62.8)
643 (69.2)
85 (70.2)

113 (37.2)
286 (30.8)
36 (29.8)
0.49 6

95 (69.9)
707 (67.7)
144 (64.3)

41 (30.2)
337 (32.3)
80 (35.7)

Average CIMT is the average value in mm., between right and left Carotid intima media thickness.
CIMT risk stratification is around 75th percentile , as per age and gender
Metabolic Equivalent of Task (MET)
Time spent sitting: 71 missing data
Hours of sleep: 2 missing data and 18 “Prefer Not to Answer”
P value computed using chi-square test for trend

The results of studying the relation between smoking habits (smoking cigarettes,
water-pipe, and passive smoking) with the different CIMT levels of risk is shown in Table
5. There was a significantly protective effect for water-pipe smoking!. This was again
explained by studying the age distribution of water-pipe smoker. 48.6% of the water-pipe
smoker were of the 18-35years old subgroup while 5.3% only were >55 years old. It is
worth mentioning that more than 30% of the study population opted out the smoking
questionnaire. Such deficiency in smoking data (whether cigarettes, Shisha, or passive
smoking) might have weakened the effect of the smoking profile variables during
univariate and eventually the multivariate analysis.
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Table 5 : Association between Smoking & risk level of CIMT (N=1425)
Predictors
Low Risk
N (%)
Overall
Smoking Cigarettes 3
Never smoker
Stopped smoking
Occasional smoker
Current smoker
Smoking Water pipe (shisha) 4
No
Yes
Passive smoking 5
No
Yes, 1 house member smokes
2 or more house members smoke

1.
2.
3.
4.
5.
6.

960 (67.4)

Average CIMT1
High risk2
N (%)

P value

465 (32.6)
0.412 6

86 (64.2)
426 (66.3)
165 (71.4)
267 (67.3)

48 (35.8)
217 (33.7)
66 (28.6)
130 (32.7)
0.001

320 (64.9)
249 (77.6)

173 (35.1)
72 (22.4)
0.945 6

353 (69.1)
200 (70.4)
117 (68.8)

158 (30.9)
84 (29.6)
53 (31.2)

Average CIMT is the average value in mm., between right and left Carotid intima media thickness.
CIMT risk stratification is around 75th percentile , as per age and gender
Smoking cigarettes: 2 missing data and 18 “Prefer Not to Answer”
Smoking Water pipe: 606 missing data and 5 “Prefer Not to Answer”
Passive smoking: 460 missing data and 5 “Prefer Not to Answer”
P value computed using chi-square test for trend

For cigarettes smokers, the risk was similar in the three sub-groups never, stopped
and current smokers and slightly less in the occasional smokers. Such association was not
statistically significant (P= 0.412). Also the risk was similar in the passive smoking subgroups. (Table 5)
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Also the association between the CIMT level of risk and the different comorbidities
in our population was studied. Comorbidities were associated with high risk CIMT with
very high statistical significance (P <0.001) in case of hypertension, diabetes, and
hypercholesterolemia. This association was seen but with less significance in case of
myocardial infarction and stroke probably due to few number of observations in each
variable ( 10 and 5 respectively. The comorbidities index were not found to be statistically
significantly associated with high risk CIMT. (Table 6)
The association between each of the family history of hypertension and stroke and
CIMT high risk was statistically significant (P = 0.007 and 0.022 respectively) This was
not the case when the association between CIMT risk and the other different family
comorbidities history was studied (e.g diabetes, Myocardial Infarction and obesity). Again
the family comorbidities index which was developed was not associated significantly with
CIMT high risk level ( P = 0.09) (Table 6)
Table 7 showed no association between CIMT risk levels and diet variables. The
Fast-food diet was the only variable included in the multivariate analysis as P-value for its
univariate regression was 0.26, close to the uni-variable cut-off P-value to shortlist
variables for multivariable analyses.
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Table 6 : Association between comorbidities & risk level of CIMT (N=1425)
Predictors

Overall
History of Diabetes 3
History of Hypercholesterolemia 4
History of Hypertension 5
History of Myocardial Infarction 6
History of Stroke 7
Comorbidities Index 8
No comorbidities
1-2 comorbidities
>= 3 comorbidities
Family history of Hypertension
Paternal only
Maternal Only
Both
Family history of Myocardial Infarction
Paternal only
Maternal Only
Both
Family history of Stroke
Paternal only
Maternal Only
Both
Family history of Diabetes
Paternal only
Maternal Only
Both
Family history of Obesity
Paternal only
Maternal Only
Both
Family Comorbidities Index 9
No Family comorbidities
1-4 Family comorbidities
>=5 Family comorbidities
1.
2.
3.
4.
5.
6.
7.
8.
9.

Average CIMT1
Low Risk
High risk2
N (%)
N (%)
960 (67.4)
465 (32.6)
105 (10.9)
100 (21.7)
292 (31.8)
196 (43.9)
133 (13.9)
96 (20.8)
4 ( 0.4)
6 ( 1.3)
1 ( 0.1)
4 ( 0.9)
574 (71.4)
362 (64.9)
24 (38.1)

P value

<0.001
<0.001
<0.001
0.062
0.023
<0.001

230 (28.6)
196 (35.1)
39 (61.9)
0.007

174 (72.5)
243 (61.5)
224 (70.0)

66 (27.5)
152 (38.5)
96 (30.0)

189 (65.4)
85 (60.3)
31 (57.4)

100 (34.6)
56 (39.7)
23 (42.6)

109 (64.9)
38 (52.1)
10 (40.0)

59 (35.1)
35 (47.9)
15 (60.0)

201 (70.5)
215 (66.4)
220 (68.3)

84 (29.6)
109 (33.6)
102 (31.7)

62 (68.1)
158 (66.1)
44 (77.2)

29 (31.9)
81 (33.9)
13 (22.8)

0.390

0.022

0.544

0.271

0.090
138 (74.2)
658 (66.0)
164 (67.8)

48 (25.8)
339 (34.0)
78 (32.2)

Average CIMT is the average value in mm., between right and left Carotid intima media thickness.
CIMT risk stratification is around 75th percentile , as per age and gender
Diabetes : 6 responses “Prefer Not to Answer”
Hypercholesterolemia: 59 response “ Do Not Remember” or “Prefer Not to Answer”
Hypertension: 2 missing data and 5 responses “Prefer Not to Answer”
Myocardial Infarction: 23 responses “Prefer Not to Answer”
Stroke: 23 responses “Prefer Not to Answer”
Index for the participant comorbidities ( hypertension, diabetes, Myocardial Infarction, Stroke and Hypercholesterolemia)
Index for the family comorbidities ( hypertension, diabetes, Myocardial Infarction , Stroke and obesity)
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Table 7 : Association between diet & risk level of CIMT (N=1425)
Predictors

Overall
Any special diet
No special diet
Low fat diet
Another special diet
Low calorie diet
No red meat diet
Vegetarian diet 3
Vegan diet 4
Low salt diet
Fast Food
Never or rarely
Less than twice per week
Every day or almost every day
Dairy Diet
Never or rarely
1 – 4 times per week
One or more times per day
Fat Diet 5
Whole fat diet
Reduced fat diet
Fat-free diet
1.
2.
3.
4.
5.
6.
7.

Average CIMT1
Low Risk
High risk2
N (%)
N (%)
960 (67.4)

P value

465 (32.6)
0.412 6

729 (66.8)
116 (68.2)
43 (79.6)
42 (64.6)
16 (80.0)
6 (60.0)
3 (50.0)
3 (75.0)

363 (33.2)
54 (31.8)
11 (20.4)
23 (35.4)
4 (20.0)
4 (40.0)
3 (50.0)
1 (25.0)
0.262 7

318 (66.7)
495 (66.6)
143 (72.2)

159 (33.3)
248 (33.4)
55 (27.8)
0.319 7

106 (68.4)
743 (67.9)
111 (63.4)

49 (31.6)
352 (32.2)
64 (36.6)
0.637

405 (68.2)
431 (67.8)
76 (65.5)

7

189 (31.8)
205 (32.2)
40 (34.5)

Average CIMT is the average value in mm., between right and left Carotid intima media thickness.
CIMT risk stratification is around 75th percentile , as per age and gender
Vegetarian diet: allows dairy products
Vegan diet: No meat, fish, egg or dairy products
Fat Diet: 79 responses were “Do Not Know” or “Prefer Not to Answer”
P value computed using Fisher exact test
P value computed using chi-square test for trend
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Clinical measure were studied with regards to possible association with the CIMT
risk. Weight, BMI , Waist, Fat %, Systolic Blood Pressure, Diastolic Blood Pressure and
Pulse Rate were all highly significantly associated with elevated risk of CIMT >75th
percentile with P-value <0.001 for the Weight, BMI , Waist, Fat %, Systolic Blood
Pressure and 0.02 for diastolic Blood Pressure and Pulse Rate. (Table 8)
Though Waist was highly associated with high level risk yet the Waist/Hip ratio was
not (P = 0.8). It was clear that the possible association was masked by gender. A further
stratified analysis by gender showed that the association was evident with good statistical
significance (P = 0.012) in females but not in males (P = 0.322). Logistic regression of
CIMT against Waist/Hip ratio in females showed that the odds of having CIMT above 75th
percentile increases by 28 times for every 1 unit change in Waist/Hip ratio (OR= 28;
95%CI:5 – 158) while the increase in not evident in male (OR= 0.98; 95%CI:0.57- 1.68) .
The biomedical laboratory markers also were mostly associated with increase in
CIMT risk level except for homocysteine, HDL and LDL. The fact that 99.8% of the study
population had high risk of LDL (above 0.77) rendered it statistically impossible to study
the effect of LDL on CIMT levels. (Table 9)
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Table 8 : Association between clinical measurements & risk levels of CIMT (N=1425)
Predictors
Low Risk

Height
Weight 3
Adiposity Indicators
BMI (Kg/m2)
Waist (cm) 4
Waist/Hip ratio 5
Fat % 6

BMI
Underweight <18.5
Normal >=18.5 - <25
Overweight >=25 <30
Obese >=30
Average Systolic Blood
Pressure
Normal <120
Prehypertension
<140
Stage 1
hypertension <160
Stage 2
hypertension >=160
Average diastolic Blood
Pressure
Normal <80
Prehypertension
<90
Stage 1
hypertension <100
Stage 2
hypertension >=100
Average Pulse Rate
Excellent pulse for
age
Average pulse for
age
Poor pulse for age

1.
2.
3.
4.
5.
6.
7.
8.
9.

Average CIMT1
High risk2

P value

Mean (SD)
163.2 ( 9.1)
76.4 (17.4)

Median (min,max)
163.0 (132.0, 186.0)
75.3 ( 36.8 , 150.8)

Mean (SD)
161.5 ( 8.8)
79.6 (18.1)

Median (min,max)
161.0 (136.0, 188.0)
78.4 ( 38.6, 148.2)

0.001 7
0.001 7

28.4 ( 5.8)
87.9 (14.9)
0.8 ( 0.1)
33.0 ( 9.7)

27.9 ( 14.8, 55.5)
88.0 ( 0.0, 140.0)
0.8 ( 0.6, 1.1)
33.1 ( 1.7, 56.4)

29.9 ( 5.9)
90.9 (15.1)
0.8 ( 0.1)
36.2 ( 8.7)

29.4 ( 16.6, 53.8)
90.0 ( 59.0, 155.0)
0.8 ( 0.6, 1.2)
37.0 ( 7.1, 56.2)

<0.001 7
<0.001 7
0.821 7
<0.001 7

N (%)

N (%)

25 (89.3)
225 (73.5)
334 (70.1)

3 (10.7)
81 (26.5)
143 (29.9)

376 (61.2)

238 (38.8)

<0.001 8

<0.001 9
704 (70.7)
218 (64.1)

292 (29.3)
122 (35.9)

34 (43.6)

44 (56.4)

3 (30.0)

7 (70.0)

0.021 9
681 (68.8)
208 (67.8)

309 (31.2)
99 (32.2)

65 (55.6)

52 (44.4)

5 (50.0)

5 (50.0)

409 (70.4)

172 (29.6)

327 (66.9)

162 (33.1)

224 (63.1)

131 (36.9)

0.020 8

Average CIMT is the average value in mm., between right and left Carotid intima media thickness.
CIMT risk stratification is around 75th percentile , as per age and gender
Weight: 3 missing data
Waist: 5 missing data
Waist hip ratio: 6 missing data
Fat %: 105 missing data
P value computed using t-student test of means
P value computed using chi-square test for trend
P value computed using Fisher exact test
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Table 9 : Association between biomedical laboratory tests & risk level of
CIMT (N=1425)
Average CIMT1
High risk2

Predictors
Low Risk

A. Partial
Thromboplast. Time
(APTT)
CRP 3
Cholesterol
Fibrinogen
Fasting Glucose
HBA1C
HDL
LDL
Triglycerides 4
Homocysteine
CRP 3
low to average risk
<=3
high risk >4
Cholesterol
optimal <5.3
intermediate
high >6.3
Fibrinogen
optimal <235
high risk >350
Fasting Glucose
optimal risk <4.8
Intermediate risk
high risk >6.1
HBA1C
optimal risk <6.5
Intermediate risk
high risk >9.6
HDL
optimal risk >1.6
Intermediate risk
high risk <1.1
LDL
Optimal/inter. risk
<0.77
high risk >0.77
Triglycerides 4
optimal risk <1.13
Intermediate risk
high risk > 1.69

1.
2.
3.
4.
5.
6.

Mean
(SD)
34.8 (3.6)

6.4 (4.1)
4.9 (0.9)
3.1 (0.7)
5.5 (1.9)
5.7 (1.0)
1.4 (0.4)
2.9 (0.8)
1.3 (0.9)
8.7 (3.1)
N (%)

Median
(min, max)
34.4 (24.7, 60.6)

5.0 (
4.9 (
3.1 (
5.0 (
0.5 (
1.4 (
3.0 (
1.1 (
8.2 (

2.0, 50.0)
2.3, 8.7)
0.4, 7.1)
3.1, 25.8)
3.1, 15.0)
0.5, 2.9)
0.7, 6.0)
0.3, 9.3)
2.8, 45.1)

Mean
(SD)
34.5 (3.8)

7.3 (5.9)
5.0 (1.0)
3.2 (0.7)
6.1 (3.1)
6.1 (1.5)
1.4 (0.4)
2.9 (0.9)
1.4 (0.9)
8.6 (2.6)
N (%)

P value
Median
(min, max)
34.4 (23.2, 55.0)

5.0 (
4.9 (
3.2 (
0.5 (
0.5 (
1.3 (
3.0 (
1.2 (
8.1 (

2.0, 55.0)
2.1, 9.7)
0.5, 6.0)
3.3, 26.1)
4.2, 14.2)
0.6, 2.7)
0.9, 6.3)
0.4, 5.8)
2.3, 23.6)

0.152 5

0.001 5
0.06 5
0.012 5
<0.001 5
<0.001 5
5
1
5
1
0.05 5
0.557 5
0.721 7

5 (62.5)
952 (67.4)

3 (37.5)
460 (32.6)
0.739 6

648 (67.6)
233 (67.3)
79 (65.8)

311 (32.4)
113 (32.7)
41 (34.2)
0.328 7

937 (67.2)
23 (76.7)

458 (32.8)
7 (23.3)
0.015 6

358 (68.5)
474 (70.1)
128 (56.7)

165 (31.6)
202 (29.9)
98 (43.4)
<0.001 6

815 (70.3)
63 (50.8)
82 (57.8)

344 (29.7)
61 (49.2)
60 (42.3)
0.167 6

198 (67.8)
477 (69.5)
285 (63.8)

94 (32.2)
209 (30.5)
162 (36.2)
1.000 7

2(100.0)
958 (67.32)

0 ( 0.0)
465 (32.7)
0.050 6

483 (69.8)
255 (66.7)
218 (63.7)

209 (30.2)
127 (33.3)
124 (36.3)

Average CIMT is the average value in mm., between right and left Carotid intima media thickness.
CIMT risk stratification is around 75th percentile , as per age and gender
CRP : 5 missing data
Triglycerides: 9 missing data
P value computed using t-student test of means
P value computed using chi-square test for trend
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The univariate logistic regression analysis of different variables are displayed in table
10 along with the crude odds ratios (OR) estimates. Thirty five variables with statistically
significant effects with P <0.25, were included in the initial full model. After adjusting
with a multivariate regression all variables lost their effect except the following variables:
gender (Crude OR = 0.6; 95%CI:0.5 - 0.8, P <0.001 and Adjusted OR= 0.3; 95%CI: 0.1 0.8, P =0.024) and systolic blood pressure where (Crude OR = 1.6; 95%CI:1.3 – 1.9, P
value =<0.001 and Adjusted OR= 2.0; 95%CI:1.4 – 2.7, P value =<0.001). CPR kept the
same effect with statistical significance (Crude OR = 1.0; 95%CI:1.0 - 1.1, P value =0.002,
and Adjusted OR= 1.0; 95%CI:1.0 - 1.1, P value =0.022). (Table 10) A model that had
systolic blood pressure (categorical variable), CRP (continuous variable), gender (Binary
variable), as covariates was developed. Waist measure was added to the model as it
appeared to confound gender β coefficient with more than 20% change. HDL level
(continuous variable) was also added due to clinical and statistical significance.
The final model showed that gender, CRP, HDL, systolic blood pressure, and waist
measure were strong significant predictors of CIMT. The main effects model with the five
covariates systolic blood pressure, C-reactive protein (CRP), gender, waist and high
density lipoprotein (HDL) was then considered for all possible interactions between pairs
of included covariates
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The interaction between systolic blood pressure & HDL variables and interaction
between the waist measure in cm and HDL, resulted in a good to fit model by likelihood
ratio test ( P = 0.002 and 0.004 respectively) (Figure 7) ( Table 11)
Hosmer-Lemeshow ( P value= 0.611 >0.005) (>0.05) failing to reject the null
hypothesis of goodness of fit of the model proved the goodness to fit of this model with
no specification error ( P value hatsq= 0.379) the model has all the relevant predictors and
the linear combination of these predictors was sufficient, 71.35% were correctly classified,
with Receiver operating characteristics (ROC) Area under the curve (AUC) 0.6574. (Figure

0.50
0.25
0.00

Sensitivity

0.75

1.00

6)

0.00

0.25

0.50
1 - Specificity

0.75

1.00

Area under ROC curve = 0.6574

Figure 6: Multivariate Model Receiver operating characteristics (ROC) Area under the
curve (AUC)
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Table 10 : Logistic regression of risk factors and predictors of high risk level of CIMT
(N=1425)
Predictors
Univariate
analysis OR
Age
<18
>35 – 55
>55
Gender (Male)
Monthly Income in QR per month
Less than 10,000
Between 10,000 and 49,999
More than 50,000
House ownership
Outright
Mortgage
Employer provided
Rented
Level of education
Primary or less
Secondary or technical
University or more
Current Employment Status
Employed or business owner
Housewife or Unemployed
Retired
Student or Trainee
MET intensities
No Activity
Low MET (<3)
Moderate MET (3-6)
Vigorous MET (>6)
Time spent sitting in past week
Short, sitting <5 hour/day
Moderate, sitting 5-12
Long, >12 hours/day
Hours of sleep in 24 hours
<5
5-8
>8
Smoking Cigarettes
Never smoker
Stopped smoking
Occasional smoker
Current smoker
Smoking Water pipe (No)
Passive smoking
No
1 house member smokes
>=2 house members smoke
History of Diabetes (Yes)
History of Hypercholesterolemia (yes)
History of Hypertension (yes)

Reference
1.2 (0.9 - 1.5)
2.3 (1.6 - 3.3)
0.6 (0.5 - 0.8)
Reference
0.7 (0.5 - 0.9)
0.7 (0.4 - 1.4)
Reference
0.7 (0.5 - 1.1)
0.6 (0.4 – 0.9)
0.7 (0.4 - 1.4)
Reference
0.5 (0.3 - 0.8)
0.4 (0.3 - 0.7)
Reference
1.4 (1.0 - 1.9)
1.9 (1.3 – 2.6)
0.9 (0.6 - 1.4)
Reference
0.9 (0.7 - 1.1)
1.1 (0.7 - 1.6)
0.8 (0.6 - 1.1)
Reference
0.8 (0.6 - 0.9)
0.7 (0.5 - 1.1)
Reference
1.1 (0.7 – 1.6)
1.3 (0.8 – 2.0)
Reference
0.9 (0.6 - 1.3)
0.7 (0.5 - 1.1)
0.9 (0.6 - 1.3)
1.9 (1.4 - 2.6)
Reference
0.9 (0.7 - 1.3)
1.0 (0.7 - 1.5)
2.2 (1.7 - 3.0)
1.7 (1.3 - 2.1)
1.6 (1.2 - 2.2)

OR ( 95% CI)
P value
Multivariate
Sig at <0.2 analysis OR
<0.001

P value
Sig at <0.05
0.731

0.212
<0.001
<0.001
0.018

0.9 (0.7 - 1.5)
1.2 (0.6 - 2.5)
0.3 (0.1 - 0.8)

0.947
0.529
0.024
0.113

0.008
0.827
0.039

0.6 (0.3 - 1.0)
0.6 (0.2 - 1.5)

0.067
0.269
0.622

0.097
0.022
0.321
0.002

1.5 (0.7 - 3.4)
omitted
omitted

0.283
----0.297

0.003
<0.001
0.002

0.6 (0.3 - 1.3)
0.5 (0.2 - 1.0)

0.207
0.052
0.789

0.037
0.001
0.626
0.362

0.6 (0.4 - 0.9)
1.3 (0.7 - 2.2)
0.8 (0.4 - 1.4)

0.040
0.427
0.406
0.485

0.323
0.705
0.141
0.103

0.9 (0.6 - 1.2)
1.5 (0.9 - 2.6)
1.1 (0.7 - 1.7)

0.432
0.117
0.702
0.180

0.039
0.149
0.497

0.7 (0.4 - 1.3)
0.6 (0.3 - 1.4)

0.266
0.248
0.951

0.616
0.279
0.436

1.1 (0.6 - 1.8)
1.1 (0.6 - 1.9)

0.79
0.83

0.645
0.150
0.515
<0.001
0.908
0.694
0.719
<0.001
<0.001
0.001

-----------

--- 2
--- 2
--- 2
--- 2
--- 2

------1.1 (0.6 - 2.0)

-------

1.1 (0.8 - 1.6)
0.9 (0.6 - 1.6)

2
2
2

0.836
0.109
0.948
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History of Myocardial Infarction (yes)
History of Stroke (yes)
Comorbidities Index
No comorbidities
1-2 comorbidities
>= 3 comorbidities
Family history of Hypertension
Paternal history
Maternal Only
Both
Family history of Myocardial Infarction
Paternal history
Maternal Only
Both
Family history of Stroke
Paternal history
Maternal Only
Both
Family history of Diabetes
Paternal history
Maternal Only
Both
Family history of Obesity
Paternal history
Maternal Only
Both
Family Comorbidities Index
No Family comorbidities
1-4 Family comorbidities
>=5 Family comorbidities
Any special diet
No special diet
Low fat diet
Another special diet
Low calorie diet
No red meat diet
Vegetarian diet 4
Vegan diet 3
Low salt diet
Fast Food
Never or rarely
Less than twice per week
Every day or almost every day
Dairy Diet
Never or rarely
1 – 4 times per week
One or more times per day
Fat Diet
Whole fat diet
Reduced fat diet
Fat-free diet
BMI
Underweight <18.5
Normal >=18.5 - <25
Overweight >=25 - <30
Obese >=30

3.1 (0.9 - 11.1)
8.3 (0.9, 74.8)
Reference
1.4 (1.1 - 1.7)
4.1 (2.4 - 6.9)
Reference
1.6 (1.1 - 2.3)
1.1 (0.8 - 1.6)
Reference
1.2 (0.8 – 1.9)
1.4 (0.8 – 2.5)
Reference
1.7 (0.9 – 2.9)
2.7 (1.2 – 6.6)
Reference
1.2 (0.9 - 1.7)
1.1 (0.8 - 1.6)
Reference
1.1 (0.6 – 1.8)
0.6 (0.3 – 1.3)
Reference
1.5 (1.0 - 2.1)
1.4 (0.9 - 2.1)
Reference
0.9 (0.7 – 1.3)
0.5 (0.2 - 1.0)
1.1 (0.7 - 1.9)
0.5 (0.2 - 1.5)
1.3 (0.4 - 4.8)
2.0 (0.4 - 9.9)
0.7 (0.1 - 6.5)
Reference
1.0 (0.8 - 1.3)
0.8 (0.5 - 1.1)
Reference
1.0 (0.7 - 1.5)
1.2 (0.8 - 1.9)
Reference
1.0 (0.8 - 1.3)
1.1 (0.7 - 1.7)
Reference
3.0 (0.9 - 10.2)
3.6 (1.1 - 12.0)
5.3 (1.6 - 17.7)

0.078
0.028
<0.001

-----

--- 3
--- 3

0.011
<0.001
0.018

-----

--- 4
--- 4
0.881

0.005
0.519
0.392

1.3 (0.8 - 2.1)
0.9 (0.6 - 1.6)

0.301
0.262
0.023

-----

0.060
0.020
0.543

1.1 (0.5 - 2.3)
1.5 (0.5 - 4.7)

0.270
0. 557
0.254

-----

0.728
0.236

1.0 (0.5 - 2.0)
0.3 (0.1 - 0.9)

0.029
0.149
0.410

-----

--- 4
--- 4

-----------------

--- 2
--- 2
--- 2
--- 2
--- 2
--- 2
--- 2
--- 2

0.703
0.053
0.722
0.221
0.653
0.395
0.729
0.291
0.987
0.158
0.496
0.894
0.344
0.855
0.876
0.575
<0.001
0.079
0.040
0.007

0.266
0.988

--- 2
--- 2
0.315
0.887
0.476

--- 2
--- 2
0.734
0.976
0.048

0.483
1.6 (1.1 - 2.3)
1.6 (0.9 - 2.7)

0.010
0.108

-------

--- 2
--- 2
--- 2

-------

--- 2
--- 2
--- 2
0.306

2.5 (0.6 - 9.7)
3.1 (0.7 - 13.7)
3.3 (0.6 - 17.3)

0.196
0.133
0.153
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Average Systolic Blood Pressure
Normal <120
Prehypertension <140

<0.001
0.024
1.3 (1.0 - 1.8)

Stage 1 hypertension <160

<0.001
3.1 (1.9 - 4.9)

Stage 2 hypertension >=160

0.013
5.6 (1.4 - 21.9)

Average Diastolic Blood Pressure
Normal <80
Prehypertension <90
Stage 1 hypertension <100
Stage 2 hypertension >=100
Average Pulse Rate
Excellent pulse for age
Average pulse for age
Poor pulse for age
CRP
Low to average risk <=3
High risk >4
Cholesterol
Optimal <5.3
Intermediate
High >6.3
Fasting Glucose
Optimal risk <4.8
Intermediate risk
High risk >6.1
HBA1C
Optimal risk <6.5
Intermediate risk
high risk >9.6

1.
2.
3.
4.

1.6 (1.0 2.5)
4.8 (2.0 11.2)
17.1 (1.4 212.0)

0.039
<0.001
0.027
0.107

0.025
Reference
1.1 (0.8 -1.3)
1.8 (1.2 - 2.6)
2.2 (0.6 -7.7)
Reference
1.2 (0.9 – 1.5)
1.4 (1.2 – 1.8)
1.2 (0.3 - 5.2)
Reference

0.733
0.004
0.214
0.067

0.8 (0.5 - 1.2)
0.6 (0.3 - 1.2)
0.6 (0.1 - 5.1)

0.264
0.124
0.681
0.803

0.215
0.021
0.769
0.768

1.1 (0.8 - 1.5)
1.1 (0.7 - 1.6)

0.739
0.733

---

--- 2

0.938
0.702
<0.001

-----

--- 2
--- 2

0.535
0.002
<0.001

0.8 (0.5 - 1.1)
0.6 (0.3 - 1.2)

0.122
0.167
0.620

<0.001
0.002

1.1 (0.4 - 2.7)
1.5 (0.2 - 11.7)

0.823
0.683

0.929
Reference
1.1 (0.8 - 1.3)
1.1 (0.7 - 1.6)
Reference
0.9 (0.7 - 1.2)
1.7 (1.2 - 2.3)
Reference
2.3 (1.6 - 3.3)
1.7 (1.2 - 2.5)

HDL
Optimal risk >1.6
Intermediate risk
high risk <1.1
Triglycerides
Optimal risk <1.13
Intermediate risk
high risk > 1.69
Fat Percent
Waist
Weight
BMI
CRP
Fibrinogen
Fasting Blood sugar
Cholesterol
HBA1C
Triglycerides

<0.001

Reference

0.079

0.128
Reference
0.9 (0.7 - 1.2)
1.2 (0.9 - 1.6)
Reference
1.2 (0.9 - 1.5)
1.3 (0.9 - 1.7)
1.0 (1.0 - 1.1)
1.0 (1.0 - 1.1)
1.0 (1.0 - 1.0)
1.0 (1.0 - 1.1)
1.0 (1.0 - 1.1)
1.2 (1.0 - 1.5)
1.0 (1.0 - 1.2)
0.9 (1.0 - 1.1)
1.3 (1.2 - 1.4)
1.1 (0.9 - 1.3)

0.113

0.593
0.258
0.139

0.9 (0.6 - 1.4)
1.4 (0.9 - 2.4)

0.807
0.157
0.867

0.303
0.050
<0.001
<0.001
0.002
<0.001
0.002
0.018
<0.001
0.798
<0.001
0.077

0.9 (0.6 - 1.4)
1.1 (0.6 - 2.1)
0.9 (0.9 - 1.0)
1.0 (0.9 - 1.0)
1.0 (0.9 - 1.0)
1.0 (0.9 - 1.1)
1.0 (1.0 - 1.1)
0.7 (0.6 – 1.0)
1.1 (0.9 - 1.2)
1.0 (0.9 - 1.2)
1.0 (0.8 - 1.4)
0.9 (0.7 - 1.3)

0.800
0.775
0.476
0.581
0.627
0.982
0.022
0.084
0.330
0.636
0.843
0.970

Observations omitted to 1026 with all variables available in full and short regression terms
Insignificant variable
Variable omitted as the outcome is a surrogate
Collinear with other variable/s
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Nomogram of the logistic model
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Figure 7: Nomogram of the final logistic regression model
Table 11: Logistic Regression Model
Predictors
Binary CIMT
Gender
CRP
HDL
Waist
SBP
Prehypertension
Stage 1
Stage 2
SBP#HDL
Prehypertension
Stage 1
Stage 2
Waist#HDL

Confidence Interval
Odds Ratio

P value

0.41
1.02
4.69
1.04

>0.001
0.083
0.093
0.007

0.30
0.99
0.77
1.01

0.56
1.05
28.52
1.07

8.20
9.44
15.25

0.001
0.017
0.695

2.40
1.50
<0.001

27.99
59.32
1.28e+07

0.25
0.41
0.72
0.98

0.004
0.179
0.943
0.073

0.09
0.11
<0.001
0.95

0..63
1.49
5647.50
1.01
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5. DISCUSSION
It has been established that people with CVD or who are at high risk for CVD, benefit
significantly from early detection and management using counselling and medicines, as
appropriate. Yet, any early detection and subsequent prevention relies heavily on the ability
to accurately, identify the individuals who are at high risk of developing CVD. Thus, there
is a pressing need to diagnose subclinical atherosclerosis to facilitate optimum CVD risk
stratification in asymptomatic individuals.
One of the first longitudinal studies of association between the carotid morphology
with the risk of acute coronary events was based on the analysis of the population-based
Kuoppio Ischaemic Heart Disease (KIHD) study, an extensive epidemiologic research
project that was launched in the 1980s and involved around three thousand middle-aged
males from the Eastern Finland. The study showed 11% increased risk of MI with each
0.1‐mm incremental increase of CIMT and that the presence of intimal-medial thickening
is associated with a 2.17-fold (95% confidence interval, 0.70-6.74; P value = Not
significant) risk of acute myocardial infarction compared with men free of any structural
changes in the carotid artery wall at baseline52 Following this study, a number of important
trials like the Atherosclerosis Risk In Communities study,47 the Cardiovascular Health
Study,53 the Rotterdam Study,54 the Malmö Diet and Cancer Study,55 and the Carotid
Atherosclerosis Progression Study56 showed results which were comparable.
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Different studies findings are of different levels of significance with regards to adding
CIMT to conventional cardiovascular risk scores such as Framingham,57 reaching to that
Den et al meta-analysis found that there is no significant addition when CIMT was added
to traditional risk scores.58 Also van den Oord et al concluded in his systematic review that
the addition of CIMT to traditional CVD risk prediction models does not lead to a statistical
significantly increase in performance of those models 59
The literature has stated that such contradicting results are probably stemming from
the differences in study design, differences techniques in CIMT measurements, such as
measuring the common or internal segment and whether plaques are included or excluded
from analyses, as covered in a review by Naqvi & Lee
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Another explanation to such

phenomenon is that CIMT is correlated positively & strongly with CVD risk , yet adding
it to a prediction model with other CVD risk factors might not add to the score because of
collinearity , specially that all the risk predictor in traditional risk are proven linear
predictors of atherosclerosis and CIMT. It is evident that such multiple regression model
with correlated predictors can indicate how well the entire bundle of predictors predicts the
outcome variable, but it may not give valid results about any individual predictor.
Although CIMT has relatively less robust evidence base as compared to other
noninvasive radiological modalities, it has the advantages of being less expensive, widely
available, simpler to perform, and most importantly, being free from radiation exposure.
These attributes make CIMT an attractive option for incorporation into routine clinical
practice.
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No large-scale study has so far provided the distribution of CIMT in the Qatari
population. This might be a major factor limiting wider use of CIMT in clinical practice in
Qatar. This study was conducted as an attempt to fill this knowledge gap. The strengths of
this study is that it is one of the first to explore Qatari population CVD risk and describe
the CIMT distribution. Using a fairly large study sample of males and females free from
existing CVD, we derived age- and gender specific normative data for CIMT in Qataris.
Similar studies were done on different populations such as the SCORE study on 1229
Indian subjects.61 Compared to the SCORE study, our population average CIMT was lower
with statistically significant difference in average CIMT in males and females in age groups
0-39, 40-49, 50-59 and >60, except for age group 50-59 in males where the difference was
not significant and females >60 where our study population had statistically non significant
higher CIMT.( Appendix H)
A study of cross section study of 4394 who were grouped according to age and the
present quantity and type of cardiovascular risk factors showed that hypertension was
79.4% correlated with the degree of severity carotid stenosis severity. The same study also
showed that carotid atherosclerosis is related to the number of cardiovascular risk factors.62
Our study further analyze the association of CIMT with different risk factors and
attempt to model it as a regression outcome. In this study we found significant association
between CIMT and various CVD risk factors such as age, gender, hypertension, diabetes,
hypercholesterolemia, BMI, lipids profile. These findings are consistent with the existing
literature on CIMT and provide an indirect validation of our data. The same SCORE study
found significant relationship of CIMT with various CVD risk factors such as age, gender,
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diabetes, hypertension, urine albumin concentration.61 A study from Sri Lanka on 68 type
2 diabetic mellitus (T2DM) patients proved a significant and positive association between
CIMT with duration of T2DM and HbA1c level. In their study the other variables including
age, total cholesterol, LDL, and TG too showed positive association even though they did
not reach the statistical significance.26 A different study on 3789 low income Chinese
subjects showed that male gender, old age, current smoking status, hypertension & high
levels of systolic blood pressure, fasting blood sugar & LDL were independent
determinants of mean CIMT,63 while a study from Egypt proved that CIMT was
independently associated with male gender and was positively correlated with age, BMI,
Waist Circumference, systolic blood pressure, Homeostasis model assessment of insulin
resistance (HOMA-IR), TG, and LDL, and negatively correlated with insulin like growth
factor-1 (IGF-1) in metabolically healthy obese subjects.64
Such consistent findings with our study also validates the available risk scores for use
with our population since the predictors were among the commonly used variables in
available CVD risk scores. Yet in our study, there has been also statistically significant
association between CIMT and various socio-economic factors such as income,
employment status, education and house ownership.
Among the possible limitation of this study is that the recruitment of the QBB was
done by convenience, which does not render the sample as a representative one, with
evident selection bias and “healthy workers” bias. Thus the data was never used to describe
prevalence, yet only establish associations.
The study population are relatively young (mean age 39 years) and almost two third
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of the population were females (60%, versus only 40% males) when the outcome studied
is evidently correlated with age and gender. This might have underestimated the studied
effect or confounded the effect of some collinear variables.
Although the prognostic value of image detected subclinical atherosclerosis has
proven to add significant value to FRS, especially in low and intermediate-risk categories
31

. The question that rises for future research to answer would be “the value of carotid

plaque presence?” .This is there is some evidence that plaque burden and the plaque
phenotype (the amount, extent and composition of plaque) would likely contribute
additional important prognostic information and would increase the sensitivity and
specificity of noninvasive imaging for CVD risk.65 Another suggestion would be studying
adding some measures beyond carotid arterial structure and focusing more on arterial
function such as arterial compliance and vasodilator function.66
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6. CONCLUSION
The results shown allow for important comparative work with existing and future
investigations in Middle Eastern countries. Also the study can be used to develop a simple,
non -invasive yet sensitive risk-prediction tool to promptly identify those individuals at
risk of CVD as valuable clinical strategy that can be more widely implemented in everyday
primary care practice. There is need for prospective cohort follow up for this population of
1425 participants to capture the incidence of CVD in them.
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APPENDIX H AGE- AND GENDER-WISE DISTRIBUTION OF AVERAGE CIMT
IN THE SCORE INDIAN STUDY AND OUR STUDY POPULATIONS

Age group

Males

Females

N- Indian

Mean - I SD- I

N- Qatari mean - Q

SD-Q P- Value

30–39 years

186

0.53

0.06

165

0.5

0.06

<0.001

40–49 years

170

0.58

0.08

162

0.55

0.09

0.001

50–59 years

149

0.64

0.13

79

0.62

0.12

0.26

≥60 years

119

0.73

0.14

36

0.67

0.12

0.021

30–39 years

153

0.51

0.06

201

0.48

0.05

<0.001

40–49 years

138

0.58

0.11

196

0.53

0.07

<0.001

50–59 years

129

0.61

0.09

175

0.59

0.08

0.042

≥60 years

113

0.64

0.11

45

0.67

0.09

0.12
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