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The May Measurement Month (MMM) programme is a global cross-sectional blood pressure (BP) screening programme. Here we
present the combined data for the years 2017-2019 from Oman. BP was measured at various screening sites, according to standard
protocol and hypertension was diagnosed if the BP was >140/90 mmHg or if the individual was already on antihypertensive
medication. A total of 15,679 individuals (mean age 41.1 + 12.6 years range 18-89 years; 71% male) were screened over the 3-year
period. 7702 individuals (mean age 41.8 + 13.9 years; 71.5% male) had three BP readings. The mean of the last two BP readings was
127.3 £ 17.1 mmHg. 1573 readings were in the hypertensive range (1004 newly diagnosed hypertension). A further 749 individuals
were on antihypertensive medications with normal BP readings giving a proportion of 30.1% of the entire cohort being
hypertensive. BP was high in 43% of patients on antihypertensive medications, 28.1% of those with previous myocardial infarction,
33.9% of those with previous stroke and 37.6% of the diabetic patients. BP strongly correlated with body mass index (BMI) and age
(both p < 0.001), with a large proportion (68.5%) of individuals having high BMI(>25 kg/m?). Arab and South Asian ethnicity was
associated with higher BMI and BP (both p < 0.001).Community screening programmes help identify previously undiagnosed
hypertension and hypertensives with high BP. They also help to identify those at high cardiovascular risk. More emphasis should be

given to monitoring those in high cardiovascular risk categories and high-risk ethnic groups.

Journal of Human Hypertension (2022) 36:453-460; https://doi.org/10.1038/s41371-021-00616-2

INTRODUCTION

Hypertension is a major cardiovascular risk factor that is
accountable for more than 10% of deaths globally [1, 2]. Despite
projections that by the year 2025, there will be more than 1.5
billion people worldwide suffering from hypertension [3] it is likely
that this number is an underestimation as the majority of the
patients suffering from high blood pressure (BP) are asymptomatic
and have never had their BPs measured. Indeed, in many
instances, the diagnosis of hypertension is made when the patient
presents with a stroke or a myocardial infarction(MI), leading to
hypertension often being referred to as the ‘silent killer’ [3].

In many western countries, the prevalence of hypertension
appears to have stabilised, but in other parts of the world,
especially in developing countries, the prevalence appears to be
increasing [4]. The reasons for this increasing prevalence are
many. Improved access to health care in many countries has led to
increased screening of patients and hence a higher rate of pick up
of previously undiagnosed hypertension. In addition, increasing

longevity, changing lifestyles and the increasing ‘westernisation’
and urbanisation of developing countries contributes to
increasing BPs.

As raised BP is often asymptomatic, screening programmes and
regular health checks are essential to help pick up previously
undiagnosed patients with hypertension. May Measurement
Month (MMM) is one such initiative that was started by the
International Society of Hypertension and was first run in 2017 [5].
The aim of this campaign was to improve awareness of the
dangers of high BP and to motivate people to check their BP on a
regular basis. In the first year, more than 1.2 million individuals
from more than 80 countries had their BP checked. The screening
took place by the help of trained volunteers to measure BP
according to a standard protocol. Following on from the success
of the programme, there were plans for it to be conducted
annually. It was run in 2018 and 2019, but not in 2020 due to the
COVID-19 pandemic and the subsequent lockdown and social
distancing measures that made such a mass screening
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programme difficult to conduct. There are plans for it to be
conducted again in 2021 in countries where it can be run safely
with the COVID-19 precautions. Overall, the programme screened
around 4.2 million individuals, from more than 100 countries,
making this the world’s largest public BP screening programme
ever [6, 7]. The countries involved in the MMM programme are
ethnically geographically and economically diverse giving a wide
perspective on the global burden of high BP [5-7].

Oman is a country situated in the eastern part of the Arabian
peninsula with an estimated population of around 4.8 million of
which around 40% are expatriate workers [8, 9]. Due to its rich
history of interaction with neighbouring and distant countries in
Asia and Africa that goes back many thousands of years, the
Omani population is ethnically diverse. The country is vast, but
majority of the population lives in the capital city of Muscat and
the surrounding province of north Al-Batinah. It has a relatively
young population with the median age currently at 25.6 years and
30% of the population being below 14 years of age [8]. It has a
fairly modern health care system with a low prevalence of
infectious diseases similar to those in the west. With increasing
affluence and modernisation, non-communicable diseases and
risk factors such as obesity and low levels of exercise are of
increasing importance.

According to WHO estimates, around 17% of the adult
population aged 18 years and above in Oman are hypertensive
[10]. A previous study from Oman reported an incidence of
hypertension of around 27% with hypertension being responsible
for around 68% of adult patients who present with an acute
coronary syndrome [11, 12]. Oman participated in all three
iterations of the MMM programme. In this report, we present the
cumulative data from Oman for the 3 years that it participated
(2017-2019).

METHODS

MMM was a cross-sectional screening programme for BP among the adult
population aged 18 years or over, in Muscat, Oman. Ethical approval was
obtained from the Medical Research Ethics committee of the Sultan
Qaboos University Hospital and the study was conducted in accordance
with the Declaration of Helsinki. Extensions to the original ethical approval
were obtained each year. The nature of the survey was explained and
verbal consent was obtained from all the participants before proceeding.

Screening sites were set up at various locations in the Sultan Qaboos
University Hospital, and at seven branches of the Badar Al Samaa private
hospitals in Muscat. A convenience sampling method was employed with
public screening events held at shopping malls, parks and workplaces of
the volunteers. There were around 40 volunteers who helped with this
survey. These were mainly hospital nursing and allied health staff, who
were trained to take BP according to the study protocol. The recruitment
period for this study ran from the 1st of May to the 31st of May on three
consecutive years i.e.,, 2017, 2018 and 2019.

All individuals above the age of 18 were invited to check their blood
pressure. Verbal informed consent was obtained, and BP was measured as
per the standard protocol of the MMM programme. Subjects had to be
seated for at least 5 min before the BP was measured at the arm closest to
the table (depending on how the subjects were seated). Three BP
measurements were taken at 1-min intervals. The volunteers were given
training and briefed about the study protocol and were observed taking BP
before being allowed to check the BP for the study. The majority of the
readings were obtained using the automated Omron Healthcare machines.
In some of the sites, an A&D™ aneroid apparatus was used. BP was
calculated as the mean of the second and third readings. As per the
European Society of Hypertension guidelines a subject was considered to
be hypertensive if their systolic BP was =140 mmHg or diastolic BP =90
mmHg if they were already on antihypertensive medication [13]. The term
“High blood pressure” was also used to refer to BP in the hypertensive
range as defined above for those already on antihypertensive medications.

In addition to the BP readings, personal data including demographics
and cardiovascular risk factors were obtained. History of cardiovascular risk
factors such as diabetes, hypertension, previous strokes and heart attacks
were self-reported in accordance with the study protocol. In view of the
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scale of the screening project, confirmation of these factors was not
possible. The height and weight of the patients were also self-reported. In
cases where the patient was not sure, a calibrated weighing scale and
height measurement scale were available for use. Body mass index was
calculated according to the formula (weight in kilograms/(Height in
metres)?. Information on educational and employment status was not
collected.

Ethnicity was also self-reported as the ethnicity that the individual
perceived themselves to be, and no nationality data were collected.
Individuals from India, Bangladesh, Srilanka and Pakistan were included as
South-Asians, whilst those from other eastern Asian countries such as
Philippines, China, Thailand were classed as East-Asians. The data were
submitted to the central team via the specialised MMM app and via a
specially created Microsoft Excel file.

The data were analysed initially as part of the global strategy and
individually for each country. The analysis for this paper was done locally
by the team in Oman. The collected data were analysed using statistical
software SPSS Statistics (SPSS Inc., Chicago, US) version 22. A descriptive
analysis of the categorised variables was presented as proportions, and
continuous variables were presented as the mean and standard deviation.
Students t test and Chi-square test were used to check for differences
among groups for normally distributed variables and for categorical
variables respectively. Pearson’s coefficient of corelation was used to check
for correlation between normally distributed variables. Bivariate analysis
was used to check the risk of being hypertensive with the demographic
and other risk factors being used as predictors.

RESULTS

A total of 15,679 individuals (mean+SD age 41.1+12.6 years;
11,182 (71%) male) were screened over the 3-year period. The
number of individuals screened was 934 in 2017, 12,688 in 2018
and 2057 individuals in 2019. The majority of participants were of
Arab ethnicity (74.8%). Around a fifth of the population (19.2%)
were on antihypertensive medications. The baseline character-
istics of the screened population over the 3 years are given in
Table 1.

Out of the whole screened population, 7702 individuals (mean
age 41.8 + 13.9 years; 5507 (71.5%) male) had three BP readings.
This included 931 (mean age 44.1 + 15.1 years, 54.2% male) from
2017, 4739 (mean age 40.8 + 14.3 years; 72.5% male) from 2018
and 2031(mean age 42.9 + 12.2 years; 76.8% male) from 2019. The
average of the first SBP reading for those who had three readings
(h=7702) was131.37 £18.8 mmHg whilst the average of the
second reading was 128.21 + 17.6 mmHg and the average of the
third reading was 126.57 +17.21 mmHg, the difference being
highly statistically significant (p < 0.001). The mean of the last two
BP readings was 127.3+17.1 mmHg whilst the mean of three
readings was 128.6+17.3 mmHg, which again was significant.
Table 2 gives the year-wise distribution of the mean BP. If we used
only the first BP readings, the proportion of hypertensive patients
would be 38.9%, 37.5%, 38.4% as compared to 33.1%, 30.3% and
29.5% for the average of the last two readings in 2017, 2018 and
2019 respectively, the difference being statistically significant.

Further analysis was performed only on those individuals with
three BP readings. Out of the 7702 who had three readings, 1573
individuals had BP readings within the hypertensive range (=140/
90 mmHg) There were a further 749 individuals on antihyperten-
sive medications who had BP readings in the normal range.
Therefore, the total number of hypertensive individuals in this
cohort was 2322 giving a proportion of 30.1% of the screened
population. Table 3 categorises the BP in the various groups.
Patients in higher age category had significantly higher blood
pressures [Fig. 1]. There was no difference between the genders.
Patients on antihypertensive mediations, diabetic patients and
those with previous Ml or CVA had higher BPs than those without
these risk factors. There was no difference in BP between those
who were fasting and those who were not fasting. Patients with
high BMI had higher BP. Of those who were on antihypertensive
medications, 569 out of 1310 (43%) had high BP (on treatment
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Table 1. Year-wise distribution of the screened individuals.

2017 (n =934)

Age (years) 442 +15.1
Sex

Male 506 (53.9%)
Female 428 (46.1%)
Ethnicity

Arab 826 (88.4%)
South Asian 74 (7.9%)
East Asian 33 (3.5%)
Caucasian 1 (0.2%)
Diabetic 162 (17.3%)

On antihypertensive medication

142 (15.2%)

Smoker 59 (6.3%)
Previous Ml 23 (2.4%)
Previous CVA 10 (1.1%)
Pregnant 14/428 (3.2%)°

2018 (n = 12,688)
405+12.4

9094 (71.6%)
3594 (28.4%)

6508 (73.3%)

321 (3.6%)

560 (6.3%)
1479/8868 (16.8%)

879/9928 (8.8%)
1810/9104 (19.8%)
1677/9921 (16.9%)
158/9437 (1.6%)
346/8810 (3.9%)
40/3594 (1.1%)

2019 (n =2057)
428+ 12.2

1582 (76.9%)
475 (23.1%)

1540 (75.5%)
383 (18.7%)
85 (4.1%)
31/2039 (1.7%)

218 (10.5%)

373 (18.1%)
122/2041 (5.9%)
26/2034 (1.2%)
16/2024 (0.7%)
11/475 (2.3%)

Combined (n = 15,679)
41.1+£12.6

11,182 (71.3%)
4497 (28.7%)

8863 (74.8%)
778 (6.5%)
678 (5.7%)

1511 (12.7%) (total:
11841?)

1259/12,919 (9.7%)
2325/12,095 (19.2%)
1858/12,896 (14.4%)
207/12,405 (1.6%)
372/11,768 (3.1%)
65/4497 (1.4%)

MI myocardial infarction, CVA cerebrovascular accident.

*The totals in each group may not add up to the total number of patients due to missing/incomplete data.

bPercentage of female participants.

Table 2. Blood pressure readings over 3 years.

Three BP readings available (n)

Average of three SBP readings (mmHg)?

Average of second and third SBP readings where available (mmHg)
Average of three DBP readings (mmHg)

Average of second and third DBP readings where available (mmHg)

Number in hypertensive range using the average of second and third readings

Total number diagnosed as having HT?
Number in hypertensive range using only first BP readings®
Total number having HT using only first reading®®

2017 2018 2019 Total

932 4739 2031 7702
131.4£19.7 128.1+£17 1285+£166 1286+17.3
1304+ 19 126.8+16.8 1269+166 1273%17.1
80.3+10.8 796+11.1 804 £11 799+11.1
80.3+11.1 80.7+11.5 81.0+114 80.8+11.4

264 (28.3%)
308 (33.1%)
326 (34.9%)
363 (38.9%)

963/4739 (20.3%)
1436 (30.3%)
3010/9103 (33.7%)
3418 (37.5%)

377 (18.5%)
601 (29.5%)
611 (29.7%)
785 (38.4%)

1604 (20.8%
2345 (30.4%
3947 (32.6%

)
)
)
4566 (37.8%)

BP blood pressure, SBP Systolic blood pressure, DBP Diastolic blood pressure, HT hypertension.

20f the entire population where data were available (n = 12,073).

PAverage of second and third BP readings in the hypertensive range and those on antihypertensive medications but with controlled BP.
“Total of first BP reading in the hypertensive range and those on antihypertensive medications but controlled BP.

and systolic BP = 140 mmHg or diastolic BP = 90 mmHg). Similarly
of the high-risk groups, 42 out of 149 patients (28.1%) with
previous MI, 111 out of 327 individuals (33.9%) with previous CVA
and 359 out of 953 individuals (37.6%) with diabetes had BP in
the hypertensive range. These findings are summarised in
Table 4.

The main ethnic group in our cohort were patients of Arab
origin (either Omani citizens or those from other neighbouring
countries, notably Egypt) accounting for nearly 75% of the cohort.
Self-reported ethnic background and not nationality data were
collected. Table 5 shows the difference in demographics and BP
control based on ethnicity. The BMI was highest in the Arab and
South Asian participants and lowest in the other groups. Similarly,
the Arabs had the highest proportion of people in the obese
category (27%) whilst the East-Asians had the lowest number of
obese individuals. BP was also highest in the Arabs and South-
Asians, while the East -Asians had the lowest.

The average BMI of the males in out cohort was 26.7 + 4.6 and
for the females, it was 26.98 + 4.77 suggesting that the average
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BMI is in the overweight category. Additionally, 4914 out of 7774
males (63.2%) and 3068 out of 3837 females (79.9%) were either
overweight or obese, with a very high proportion of women
(51.9%) being obese. Table 6 shows the distribution of the
cardiovascular risk factors and BP among the different BMI
categories. The BMI increased with the age of the patients. With
increasing BMI, there was a higher number of patients with
diabetes, and those already on antihypertensive medications.
There was a high proportion of patients in the low BMI group who
had diabetes, previous MI and previous stroke. This included 11
patients with type 1 diabetes. The BP increased with increasing
BMI with the overweight and obese categories having significantly
higher BP than the normal and low BMI groups (p < 0.001) [Fig. 2].
The proportion of individuals with BP in the hypertensive range
and those with hypertension also increased with increasing BMI.

By Pearsons coefficient of correlation, SBP correlated strongly
with age (r=0.32, p <0.001) and BMI (r=0.21, p < 0.001) and DBP
also corelated strongly with age (r=0.20, p <0.001) and BMI (r =
0.195, p<0.001). By bivariate analysis, the predictors of being
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Table 3. Analysis based on the average of the second and third readings in individuals with three BP readings.

SBP (mmHg) P value DBP (mmHg) P value
Sex
Male (5505) 127 £17.1 0.14 796+ 11 <0.001
Female (2042) 126.8+17.6 782+11.2
On HT medications
Yes (1321) 138.1+18.7 <0.001 833+11.9 <0.001
No (6341) 125.0+15.9 784+10.6
Diabetic
Yes (958) 1352+ 185 <0.001 80.7+11.1 <0.001
No (6691) 126.1+16.6 79.0x 11
Previous Ml
Yes (150) 131.32+19 0.004 79.1+10.6 0.9
No (7508) 127.1+£171 792+ 11
Previous CVA
Yes (330) 133.2+17 <0.001 81.5+85 <0.001
No (7312) 127.1+171 791111
BMI (kg/m?)
<18.5 (131) 119.3+15.3 <0.001* 73.6%10.1 <0.001*
18.6-24.9 (1890) 1225+ 164 764+10.5
25-29.9 (3095) 1283171 80.1+10.6
>30 (2110) 1309+ 16.9 81.8+£11.0
Age (years)
18-30 (1739) 120.1+13.5 <0.001* 73.6+10.1 <0.001*
30-40 (2081) 1242+ 15.1 79.6+10.2
40-50 (1934) 129.1+17.3 824+11.1
50-60 (1186) 1341178 82.1+10.7
>60 (757) 137.1+18.1 78.3+10.9
Fasting
Yes (2983) 1274+17.0 0.7 79.5+10.9 0.3
No (4715) 127.1+£17.2 79.1+11.1

Numbers for each group are given within brackets.

SD standard deviation, M/ myocardial infarction, CVA cerebrovascular accident, BVl body mass index, HT hypertension, SBP systolic blood pressure, DBP diastolic
blood pressure.

Analysis by chi-square test except * which is by one-way ANOVA.

Table 4. Number of individuals where BP falls in hypertensive range
21000 H o © using the average of second and third BP readings.
) o ©
§ 8 8 Number with BP in Total Percentage
* E hypertensive range
5" g T Male 1139 5469  20.8%
E Female 434 2035 21.3%
& 150001 On Hypertensive 569 1310  43.4%
[ medications
§ H H Diabetic 359 953  37.6%
12000 H Previous MI 42 149 28.1%
Previous CVA 11 327 33.9%
AL BMI
90.00 db
v o <18.5 kg/m? 15 131 11.4%
T T T T T 18.6-24.9 kg/m2 258 1890 13.6%
18-30 31-40 41-50 51-60 >60 ,
P — 25-29.9 kg/m 696 3095  22.4%
>30 kg/m? 551 2110 26.1%

Fig. 1 The average blood pressure among the different age
groups. SBP: Systolic blood pressure. BP blood pressure, Ml myocardial infarction, CVA cerebrovascular accident,
BMI body mass index.
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Table 5. Effect of ethnicity on blood pressure and comorbidities.

Arab (n =8636) South Asian (n =777) East Asian (n = 648) Caucasian (n=1457) P value
Age (years) 40.5+134 404+10.3 40.1£9.3 453 +£12/5 <0.001**
Sex
Male 6336 (73.3%) 592 (76.1%) 475 (73.3%) 1063 (72.9%) 0.3***
Female 592 (26.7%) 176 (23.9%) 173 (26.7%) 394 (27.1%)
Diabetic 1011 (11.7%) 39 (5.1%) 64 (9.8%) 31 (2.1%) <0.0071***
On antihypertensive medications 1591 (18.4%) 81 (10.4%) 44 (6.7%) 484 (33.2%) <0.0071%**
BMI (kg/m2) 27.36 £4.91 26.95 = 4.06 257+28 2527 +3.6 <0.0071***
BMI category
Underweight 135 (1.5%) 8 (1%) 4 (0.6%) 36 (2.4%) <0.0071***
Normal 2346 (27.2%) 183 (23.5%) 232 (35.8%) 556 (38.1%)
Overweight 3609 (41.7%) 382 (49.1%) 379 (58.4%) 711 (48.7%)
Obese 2341 (27.1%) 157 (20.2%) 51 (7.8%) 165 (11.3%)
Average SBP(mmHg)® 127.1+£16.9 127.4+18.1 123.5+17.0 125.5+17.2 <0.001**
Average DBP(mmHg)? 789+ 11.02 797 £11.1 793+£10.7 81.3+£10.2 0.04**
BP in hypertensive rangeb 1355 (15.6%) 126 (16.2%) 13 (2%) 10 (0.6%) 0.009%***

BMIbody mass index, SBP systolic blood pressure, DBP diastolic blood pressure, BP blood pressure.
“The average of the second and third reading where three readings are available.

PWhere SBP > 140 mmHg and/or DBP > 90 mmHg.
**Analysis by one-way ANOVA; ***Analysis by chi-square test.

hypertensive were age (p <0.001), smoking (p <0.001) and BMI
(p < 0.001).

DISCUSSION

Our survey demonstrated that in Oman, the proportion of our
screened unselected general population having hypertension (i.e.
those who are already on antihypertensive treatment and those
not previously known to have hypertension, but now have BP in
the hypertensive range) between 2017 and 2019 inclusive is
around 30% which is in keeping with the WHO fact sheet and
other studies [10, 12]. As mentioned later in the limitations, this
could be influenced by a sampling bias with this population being
younger and healthier than the general population. Interestingly
in our survey, two-thirds of those with high BP were diagnosed as
having hypertension for the first time. Among those who were
already on antihypertensive medications, just under half had BP
that was uncontrolled. Even among the high cardiovascular risk
groups the control rates were not optimal with almost half of
these patients with pre-existing cardiovascular disease having BP
in the hypertensive range.

BP control has always been a major issue in the management of
hypertensive patients. Studies from other countries have also
shown similar rates of uncontrolled hypertension in patients on
antihypertensive medications. Melgarejo et al studied more than
6000 subjects from around 3 continents and found a control rate
of around 38.6% (10.1-55.3%) in their study for conventional BP
measurements and around 45.6% (18.6-64.2%) for ambulatory
measurements [13].

The outlook, however, is more positive. A recent analysis by the
non-communicable disease (NCD) risk factor collaboration com-
pared control rates among different countries and the changes
with time [1, 2]. They found that over the last 40 years or so, the
control rates for hypertension have improved. In the 1980s and
early 1990s, the proportion of patients on antihypertensive
medications that had controlled BP (less than 140/90 mmHg)
was around 20% in most countries. This rate had increased over
the following decade and has since plateaued from the mid-2000s
onwards. The current rate of controlled BP among hypertensives is
quite high in countries such as Canada, South Korea, USA and
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Germany at around 70%. In many other countries such as Spain,
Finland and lItaly, however, the control rates are low at around
20-30% [14].

Our study also confirms the importance of having at least three
blood pressure readings and measuring the average of the second
and third reading as recommended by the guidelines [15]. The
number of patients in the hypertensive range fell dramatically when
the first reading was ignored. Many mass screening campaigns and
office screening programmes in the past have relied on a single BP
reading due to time constraints and the large number of people to
be screened. However, the MMM protocol made it clear that only
those with three BP readings would be included in the final analysis
as this can alter the prevalence rates greatly.

The Islamic holy month of Ramadan fell during the later part of
May 2018 and most of May 2019. During this month, most of the
Omani population fast during the day time. It is thought that
fasting could affect adherence to medication and thereby blood
pressure. However, we did not find any significant difference in
blood pressures between 2017 when there was no fasting and the
other years. Similarly, there was no difference in BP between those
who were fasting and those who were not fasting, although they
represent totally different patient groups and cannot be
compared directly. This is similar to the findings from the overall
global MMM data for 2018 and 2019 where non-significant
differences were found between those who were fasting and
those who were not fasting [6, 7]. Although we did not question
the participants about adherence to medications during fasting, it
appears that they were adherent during this time.

Other interesting findings from our study include those
regarding BMI and ethnicity. As expected, the BP corelated
strongly with the BMI and age with the BP increasing with
increasing BMI and age. These are both known to be strong
predictors of BP and cardiovascular risk and indeed those with
higher BMI had higher prevalence of cardiovascular risk factors [2].
Those with higher BMI also had a higher proportion of people with
BP in the hypertensive range. This highlights once again the
importance of weight reduction in the control of BP and the
overall reduction of cardiovascular risk.

The average BMI for the whole cohort was in the overweight
category. Obesity is a major health concern in the Arabian gulf
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Table 6. Effect of body mass index (BMI) on blood pressure and comorbidities.
Low BMI Normal BMI Overweight BMI Obese BMI P value
(n=201) (n =3428) (n=5193) (n=2716)
Age(years) 32.7+133 29.4+13.6 428+124 427 £12.1 <0.001*
Sex
Male 147 (1.8%%) 2713 (34.8%) 4117(52.9%) 797(10.2%) 0.004**
Female 54(1.4%) 715(18.6%) 1076(27.9%%) 1992(51.9%)
On antihypertensive medications 15(7.4%) 484(14.1%) 1054(20.2%) 723(26.6%) <0.001**
Diabetes 11(5.4%) 281(8.1%) 546(10.5%) 376(13.8%) <0.001**
Previous MI 10(4.9%) 64(1.8%) 85(1.6%) 43(1.5%) 0.004**
Previous CVA 10(4.9%) 153(4.4%) 148(2.8%) 54(1.9%) <0.001**
Average SBP(mmHg)® 119.2+15.3 1221+ 16.7 1286+ 17.2 1304+ 16.9 <0.001**
Average DBP(mmHg)? 73.3+10.1 764+10.5 80.1+10.6 81.8+11.1 <0.001**
Number with BP in 15(7.4%) 258(7.5%) 696(13.4%) 551(20.2%) <0.001**
hypertensive range
Number of hypertensivesb 21(10.4%) 381(11.1%) 1011(19.4%) 831(30.5%) <0.001*

Low BMI—<18.5 kg/m? Normal BMI—18.6-24.9 kg/m?; overweight BMI—25-29.9 kg/m? obese BMI > 30 kg/m?.

Values are number (percentages) unless specified.

MI myocardial infarction, CVA cerebrovascular accident, SBP systolic blood pressure, DBP diastolic blood pressure.

*Analysis by one-way ANOVA ** Analysis by chi-square test.

®Average of the second and third blood pressure readings where three readings are available.
PSum of those with BP in hypertensive range and those on antihypertensive medications but normal BP.
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Fig. 2 The average systolic blood pressure in the different BMI
categories. SBP- Systolic blood pressure; BMI- Body mass index.

countries. The BMl increased with age and interestingly most of
those in the obese category were females. This could be due to
cultural reasons in the region, where men take part in sports
and other outdoor activities, while such opportunities for
women and the older age groups are restricted [16]. The hot
summers also restrict outdoor activities with most people
having to stay indoors during these months [16]. The
governments in the region have undertaken many initiatives
to try and tackle obesity [16]. Recently the government of
Oman introduced extra taxes for sugary drinks and various
other projects have been undertaken to increase the amount of
exercise taken by the citizens and residents [17]. Despite this,
studies have demonstrated that the amount of exercise
undertaken by many, including young adults and teenagers
and especially women is low [18].

There were also clear differences between the different ethnic
groups. Whilst most of the participants were of Arab ethnicity,
there were a sizeable number of other ethnic groups. Those of
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Arab ethnicity had the highest BMI and highest BP readings along
with those of South- Asian origin. Those of East-Asian origin had
the lowest BP and BMI. There were also a high proportion of
individuals of Arab origin who were diabetic and on antihyper-
tensive medications. Obesity (especially abdominal obesity) is also
a major concern among individuals from the Indian subcontinent
and is an important cardiovascular risk factor [19]. This was
evident in our cohort as well. Unfortunately, waist and hip
measurements, which would have given us more understanding
of the patterns of obesity and the ethnic differences in body fat
patterns, were not included as part of the study. The South Asians
had similar blood pressures and BMI as those of Arab ethnicity
indicating both these groups have high cardiovascular risk. Of
note, those of Caucasian ethnicity were older than the other
groups and had a higher proportion of individuals who were
already on antihypertensive medications (33.2%) but only a small
proportion of them had blood pressure in the hypertensive range
(0.6%). The other groups had lower number of people on
antihypertensive medications but higher proportion of people
with BP in the hypertensive range. Whilst we are unable to explain
this ethnic disparity in BP and BP control with the information
collected, this could reflect the different employment and
educational status of the different ethnic groups in the Arabian
Gulf countries [20].

There was a wide discrepancy in the number of individuals
screened over the 3 years. Setting up a screening programme of
this magnitude requires a considerable amount of planning and
training of the volunteers. In 2017 when the programme was first
run, there were many logistic hurdles and not sufficient time to
prepare and hence only a small number of individuals were
screened. In 2018, lessons were learnt from the experience in 2017
and there was sufficient time to train the volunteers and the
screening sites were able to better prepare and prevent the
logistic problems that had occurred the previous year. Also in
2018, there were many promotional events and increased number
of advertisements on social media for the programme. There were
also many more screening sites set up. However in 2019, as the
Holy month of Ramadan had covered most of the month of May,
recruitment of individuals was difficult and the numbers screened
had fallen again.
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The American Heart Association introduced the concept of ideal
cardiovascular health in 2010, which gives an overview of both
primary prevention and secondary prevention in the community
[21]. It consists of 7 components (Smoking, physical activity, BP
control, blood sugar control, healthy diet, blood cholesterol and
BMI) that strongly corelate with cardiovascular risk factors.
Prevention, predictive and personalised heath is the key for BP
control and thereby the cardiovascular health of the community at
large [22, 23]. Mass media campaigns and initiatives such as the
MMM programme helps to improve awareness regarding the
importance of monitoring and controlling BP [24, 25]. Besides
improving awareness, data from such programmes provide the
baseline information for policy makers to design and implement
strategies for cardiovascular health promotion and cardiovascular
disease prevention [23].

It is however, too early to assess whether the MMM programme
had an effect on the overall BP control in Oman. Despite the
considerable amount of publicity, only a few individuals men-
tioned that they had participated in more than one MMM
programme. In addition, no personal identifying information was
collected, hence it was not possible to link the BP of an individual
who had participated in more than one MMM programme to their
previous readings. In addition, 3 years is perhaps too short a time
interval to assess whether the MMM campaign made a difference
in overall BP control as there was no difference in the average
blood pressure between the 3 years.

There are a few limitations to our survey. Firstly, most of our
screening centres were located at various sites in different
hospitals. Therefore, the screening was usually on healthy adults
who came to visit relatives or were patients’ attendants. Our
screened population also included healthcare staff and staff at
other workplaces of our volunteers. Our subjects are therefore
relatively young and healthy with only a small proportion being
diabetic or having ischaemic heart disease or a previous stroke.
Another limitation of the study was incomplete data in some
patients which therefore precluded them from being used in the
final analysis. Patients with only one BP reading were not included
in the final BP analysis as the first readings were significantly
higher than the average of the second and third reading. This has
implications for other screening programmes, where it is
imperative to have three BP readings to get the correct diagnosis
of hypertension.

Other data such as socioeconomic status, employment status,
and educational status were not collected and this might have
given us more information on the effect of these factors on BP
control, lifestyle, comorbidities etc. As Oman has a huge migrant
working population with varied types of jobs, these factors play an
important role in health awareness, access to health care and
overall health of the individuals. Family history and genetic
information were not collected but would have also helped us
gain more insight into the patterns of familial hypertension in
Oman as demonstrated in other populations [26].

The history of cardiovascular risk factors was self-reported and
we were unable to verify them due to the scale of the screening
programme. It is possible that some patients may have
misreported this. Similarly, the anthropometric data were self
reported when the patient stated that they had checked them
recently. Although there were instances where it was checked
again at the patient request, there could have been some error in
self reporting.

Another potential limitation is a selection bias. We did not go
house to house to measure BP, but instead, measured the BP of
those who approached the BP monitoring stations that were set
up at the various sites. It is possible that we inadvertently included
mainly individuals who are interested in their health and therefore
potentially had better BP control than those who did not
volunteer to have their BP checked.
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The survey was conducted almost extensively in the urban areas
of Muscat and therefore does not accurately represent the true
prevalence of hypertension in Oman, although this does give us
an idea of its prevalence and good data on control rates among
those treated. This will help to encourage more BP screening
events and help to educate the general public regarding the
dangers of hypertension and remind physicians regarding the
need for adequate BP control among hypertensive patients and
those with preexisting cardiovascular disease.

CONCLUSIONS

The MMM screening programme has helped identify individuals
with high BP with many of them diagnosed to have hypertension
for the first time. It also helped identify a high proportion of high-
risk patients having high BP and individuals with high BMI.
Conducting such mass screening programmes on a regular basis
would help us identify more previously undiagnosed hypertensive
patients and would have a positive impact on public health.
Screening programmes should also target the “high risk” groups
and the high-risk ethnic groups especially those in the lower
socio-economic category who might have limited access to
health care.

SUMMARY

What is known about this topic

® Hypertension is widely prevalent all over the world and the
incidence appears to be increasing in some countries.

® Hypertension is often asymptomatic and hence it is imperative
for community screening programmes.

® Hypertension is often clustered with other cardiovascular risk
factors.

What this study adds

® The prevalence of hypertension in Oman is around 30% in our
study population which is in keeping with previous studies.

® A high proportion of patients on antihypertensive medication
have blood pressure in the hypertensive range.

® Blood pressure rises with other cardiovascular risk factors such
as diabetes, age, body mass index.

® There are ethnic differences in blood pressure readings
in Oman.
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