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Complications of hypertension are associated with an esti-
mated 9.4 million deaths worldwide every year [1]. In 2008,
globally, the overall prevalence of hypertension (including
those on medication for high blood pressure) in adults
aged 25 and over was around 40% [2]. On average, global
population systolic blood pressure decreased slightly between
1980 and 2008 [3, 4], although the worldwide prevalence of
obesity has nearly doubled during this period. In 2008, the
global prevalence of high cholesterol was 40% and prevalence
of diabetes was 10% in adults over 25 years [1].

Most people with diabetes and hypertension also have
other cardiovascular risk factors such as raised lipids [1, 2].
To reduce the prevalence and consequences of hypertension
and diabetes a complimentary mixture of population-wide
and individual interventions is required. To ensure optimal
coverage of the population with these interventions imple-
mentation of public health policies has to be complimented
with a health system which addresses hypertension through
affordable strategies [2, 5]. An approach that relies mainly on
the overall risk of individuals is likely to bemore cost effective
than one focused solely on blood pressure levels or targets.

There are many barriers to the control of hypertension
and diabetes in low- and middle-income countries. They
include the double burden of communicable and noncom-
municable diseases, inadequate investment in health and
prevention, fragile health systems particularly at primary care
level, and lack of ormaldistribution of healthworkers. Several
countries spend less than 50USD per capita per year on

health.This low level of investment is inadequate to effectively
address noncommunicable diseases in a sustainable manner
[2].

To address cardiovascular disease, diabetes, and noncom-
municable diseases a set of core interventions (Table 1) have
been identifiedwhich are highly cost effective, affordable, and
feasible to implement even in resource-constrained settings
[6]. These interventions address diabetes, hypertension, and
their key underlying risk factors—unhealthy diet, harmful
use of alcohol, and physical inactivity. Some of these inter-
ventions are feasible in primary care even in low-resource
settings. For example, people at risk of heart attacks and
stroke usually have amodest elevation ofmultiple risk factors,
such as smoking, raised blood pressure, raised cholesterol,
and/or diabetes. Such people who have medium or high
cardiovascular risk can be treated with a multidrug regimen
and behavioral modification to reduce the risk of developing
future heart attacks, strokes, cardiac failure, and kidney
disease. This integrated intervention applied to individuals
with an overall moderate or high cardiovascular risk based
on integrating risk based on age or several risk factors is more
cost effective than conventional vertical approaches to single-
risk-factor interventions [5].

Further, the development and deployment of a cadre
of nonphysician health workers, by removing cultural and
legal barriers, will facilitate screening for hypertension and
diabetes. This can lead to prescribing a limited number
of safe, proven, and affordable medicines by nonphysician
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Table 1: A core set of very cost-effective interventions for prevention and control of noncommunicable diseases including cardiovascular
disease [6].

NCD core intervention set (best buys)

Reducing tobacco use
(i) Excise tax increases;
(ii) smoke-free indoor workplaces and public places;
(iii) health information and warnings about tobaco;
(iv) bans on advertising and promotion

Population-based interventions addressing NCD
risk factors

Reducing harmful alcohol
use

(i) Excise tax increases on alcoholic beverages;
(ii) comprehensive restrictions and bans on alcohol
marketing;
(iii) restrictions on the availability of retailed alcohol

Promoting healthy diets
and promoting physical
activity

(i) Salt reduction when high, reduced salt content in
processed foods;
(ii) replacement of transfats with polyunsaturated fats;
(iii) public awareness media campaign about diet and
physical activity

Individual-based interventions addressing NCDs
in primary care

Reducing complications in
individuals with CVD and
diabetes

(i) Drug therapy (including glycaemic control for
diabetes mellitus) to individuals who have had a heart
attack or stroke, and to persons with a high risk (>30%)
of a CVD event in the next 10 years;
(ii) providing aspirin to people having an acute heart
attack.

health workers [7, 8]. Protocols and tools to estimate cost
of implementation have also been developed to facilitate
delivery of these very cost-effective interventions [9, 10].
WHO estimates show that to implement the interventions
listed in the table for all low- and middle-income countries,
the cost of implementation per head of population is low
[6]. It amounts to an annual investment of under US$ 1
in low-income countries, US$ 1.50 in lower middle-income
countries, and US$ 3 in upper middle-income countries [6].
Expressed as a proportion of current health spending, the cost
of implementation amounts to 4% in low-income countries,
2% in lower middle-income countries, and less than 1% in
upper middle-income countries [4].

The special issue aims to highlight solutions that are
designed to address the global cardiovascular epidemic.

It contains three original research articles and one review.
S. Tiptaradol and W. Aekplakhorn estimated the prevalence
of coexistence of diabetes and hypertension and the propor-
tion of awareness, treatment, and control of both conditions
using data from Thai National Health Examination Survey
III. They found that about half of the diabetes patients
also had hypertension, conversely about 14% of hypertensive
patients had diabetes, and that more than 80% were unaware
of having both conditions.

M. Chiha and colleagues focused on type 2 diabetes
mellitus as a risk factor for coronary heart disease. They
summarize the mechanisms of atherogenesis in diabetes, the
impact of hypertension, the treatment goals in diabetes, and
the epidemiologic consequences of diabetes and heart disease
on a global scale. They reported that diabetes mellitus is
associated with an increased risk of cardiovascular death
and a higher incidence of cardiovascular diseases including
coronary artery disease.They highlighted the need for appro-
priate screening to help better manage the cardiovascular

events in people with diabetes. I. Codreanu and others
showcased the International Society of Nephrology (ISN),
Global Outreach Program, aimed at building capacity for
detecting and managing chronic kidney disease and its
complications in low- and middle-income countries using
the work done in the Republic of Moldova. They concluded
that individuals with hypertension and diabetes should be
screened for the coexistence of renal abnormalities, with the
intention of developing disease-specific healthcare interven-
tions to reduce CV morbidity and mortality and prevent
renal disease progression. S. Mendis and colleagues reported
on a cross-sectional study conducted in eight low- and
middle-income countries to evaluate the capacity of primary
care facilities to implement basic interventions to address
major noncommunicable diseases, including cardiovascular
diseases and diabetes.They identified major deficits in health
financing, access to basic technologies and medicines, medi-
cal information systems, and the health workforce.

This special issue is released at an opportune moment
because the theme of the World Health Day on April 7, 2013,
is focusing on hypertension to prevent heart attacks and
strokes. The issue reiterates the contribution of raised blood
pressure and diabetes to the global cardiovascular disease
burden, the necessity to recognize the close association
between hypertension, diabetes, renal disease, and other risk
factors on health outcomes, and the need to strengthen health
systems in low- and middle-income countries in order to
scale up prevention and control of hypertension, diabetes,
and other noncommunicable diseases.

As countries develop the Action Plan for Prevention
and Control of Noncommunicable Diseases 2013–2025 in
response to the recommendations of the Political Declaration
of the United Nations General Assembly on NCDs [11], an
emphasis on affordable interventions is essential to efficiently
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tackle the growing burden from NCDs, particularly in low-
and middle-income countries.

Shanthi Mendis
Eoin O’Brien

Yackoob Kassim Seedat
Salim Yusuf
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Aim. To review the available literature on burden of diabetes mellitus (DM) and hypertension (HTN) and its coexistence in
Southeast Asian (SEA) and the African (AFR) regions and to suggest strategies to improve DM and HTN prevention and control
in primary health care (PHC) in the two regions. Methods. A systematic review of the papers published on DM, HTN, and
prevention/control of chronic diseases in SEA and AFR regions between 1980 and December 2012 was included. Results. In the
year 2011, SEA region had the second largest number of people with DM (71.4 million), while the AFR region had the smallest
number (14.7 million). Screening studies identified high proportions (>50%) of individuals with previously undiagnosed HTN and
DM in both of the SEA and AFR regions. Studies from both regions have shown that DM and HTN coexist in type 2 DM ranging
from 20.6% in India to 78.4% in Thailand in the SEA region and ranging from 9.7% in Nigeria to 70.4% in Morocco in the AFR
region.There is evidence that by lifestyle modification bothDM andHTN can be prevented.Conclusion. Tomeet the twin challenge
of DM and HTN in developing countries, PHCs will have to be strengthened with a concerted and multipronged effort to provide
promotive, preventive, curative, and rehabilitative services.

1. Introduction

Diabetes mellitus (DM) and hypertension (HTN) have
emerged as major medical and public health issues world-
wide, and both are important risk factors for coronary
artery disease (CAD), heart failure, and cerebrovascular
disease. DM is increasing in epidemic proportions globally.
According to the WHO, the prevalence of DM in adults
worldwide was estimated to be 4.0% in 1995 and is predicted
to rise to 5.4% by the year 2025 such that the number of
adults with DM in the world would rise from 135 million in
1995 to 300 million in the year 2025 [1]. The recent Burden
of Metabolic Risk Factors of Chronic Diseases Study [2]
conducted in 199 countries worldwide to assess the national,

regional, and global trends in diabetes reported that the age-
standardized adult diabetes prevalence was 9⋅8% (8.6–11.2) in
men and 9.2% (8.0–10.5) in women in 2008, up from 8.3%
(6.5–10.4) and 7.5% (5.8–9.6) in 1980. The number of people
with diabetes increased from 153 (127–182) million in 1980
to 347 (314–382) million in 2008. The International Diabetes
Federation (IDF) has come up with much higher figures in a
recent report which estimated that in 2011, 366million people
worldwide had DM and if this trend continues, by 2030, 552
million people, or one in 10 adults, will have DM [3]. In
the same report, the Western Pacific Region was shown to
have the largest number of people with DM (132 million),
followed by Southeast Asian (SEA) region (71.4 million),
while the African (AFR) region had the smallest number
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(14.7 million) [3]. DM exerts a significant burden resulting in
increasedmorbidity andmortality, decreased life expectancy,
and reduced quality of life, as well as individual and national
income losses.

Additionally, HTNaffects about one billion peopleworld-
wide [4] and it is estimated that by 2025, up to 1.56
billion adults worldwide will be hypertensive [5]. Raised
blood pressure (BP) is estimated to cause 7.5 million deaths,
which accounts for 57 million disability-adjusted life years
(DALYs). The Burden of Metabolic Risk Factors of Chronic
Diseases Study reported that in 2008, age-standardised mean
SBP worldwide was 128.1mmHg (95% uncertainty inter-
val 126.7–129.4) in men and 124.4mmHg (123.0–125.9) in
women. Globally, between 1980 and 2008, SBP decreased by
0.8mmHg per decade in men and 1.0mmHg per decade in
women [6].Thehigh prevalence ofHTNmakes it a significant
factor for mortality and morbidity. Individuals with HTN are
known to have a twofold higher risk of developing CAD, four
times higher risk of congestive heart failure, and seven times
higher risk of cerebrovascular disease and stroke compared to
normotensive subjects. According to global estimates 62% of
stroke, 49% of CAD, and 14% of other nonfatal cardiovascular
disease (CVD) events are attributed to nonoptimal BP. It
has been reported that the highest number of deaths and
DALYs attributable to high BP occurred in theWHOWestern
Pacific (WP) and SEA regions [7]. Extensive epidemiological
studies conducted in AFR region show that HTN is one of
the commonest cardiovascular ailments and that BP assumes
more importance with increasing age, particularly in the Sub-
Saharan Africa [8].

DM and HTN are also known to coexist in patients
[9]. Indeed, there is a strong correlation between changing
lifestyle factors and increase in both DM and HTN. Chal-
lenges in managing both DM and HTN more effectively
include factors at the patient, provider, and system levels.
Epidemiologic studies have an important clinical impact
and have led to an increasing appreciation of the value of
epidemiology as a scientific basis for clinical and public
health practice. As primary health care is the first level of
contact of the individuals, the family, and the community
with the national health system, there is an urgent need for
an integrated approach at primary health care (PHC) level for
addressing the burden ofHTN andDM.The aimof this paper
is to review the available literature on the burden of DM and
HTN in the SEA and AFR regions and to suggest strategies
to improve DM and HTN prevention and control in primary
care in the two regions.

2. Burden of Diabetes in SEA and AFR Regions

According to the World Health Organization (WHO), DM,
a potentially life threatening disorder, is considered as “an
apparent epidemic which is strongly related to life style and
economic change” [10]. Type 2 DM comprises 90–95% of all
cases of DM, and it increases the risk of both macrovascular
diseases (which comprise CAD and cerebrovascular disease
or “stroke,” and peripheral vascular disease) and microvas-
cular diseases (retinopathy, nephropathy, and neuropathy).

Table 1: Number of people with diabetes (in thousands) in the 20–
79 age group in countries of Southeast Asia (2011 and 2030) [3].

Region 2011 2030
Southeast Asia (SEA) 71400 120900
Bangladesh 8406 16837
Bhutan 22 41
DPR Korea 1508 1934
India 61258 101203
Indonesia 7292 11802
Maldives 15 32
Myanmar 2104 3482
Nepal 488 1171
Sri Lanka 1080 1467
Thailand 4014 5454
Timor-Leste 30 55

Diabetes creates a huge economic burden not only due to the
direct costs of treatment particularly of its complications, but
also in terms of man hours lost due to the debilitating effect
the disease has on the individual and his or her family and
society as a whole.

Epidemiological studies have shown that DM is increas-
ing rapidly in people of South Asian, African, and African
Caribbean origins [11]. The WHO and IDF have utilized
methods that combine available country data at regular
intervals and extrapolated estimates for remaining countries
without data. In 2000, according to WHO, the prevalence of
DM among the 46 countries of the WHO AFR region was
estimated at 7.02 million people and among the 11 countries
of the SEA region to be 4.69 million [12]. The number of
individuals with DM in the SEA region in the year 2011
and the projected figures for the year 2030 are presented
in Table 1 [3]. There are significant differences between
and within countries because of the geographical diversity
in socioeconomic growth rates, demographic and lifestyle
changes, and perhaps differences in ethnic susceptibility to
DM. For example, the prevalence of DM in Sub-Saharan
Africa ranges from 1% in rural Uganda to 12% in urban Kenya
[13, 14] and 8.1% in urban and 2.3% in rural Bangladesh
[15]. In India, the recent ICMR-INdia DIABetes (ICMR-
INDIAB) Study reported the prevalence of DM (both known
and newly diagnosed) in 4 regions of the country: 10.4% in
Tamilnadu, 8.4% in Maharashtra, 5.3% in Jharkhand, and
13.6% in Chandigarh (Union Territory) [16]. The overall
number of people with DM in India in 2011 based on this
study was estimated to be 62.4 million [16], and this was
confirmed by the Diabetes Atlas (5th edition) of the IDF,
which gave a figure of 61.3 million people with DM in India
in the age group of 20–79 years [3]. Figure 1 presents the
trends in age-standardised DM prevalence in the SEA region
between 1980 and 2008 formen andwomen as reported in the
Burden of Metabolic Risk Factors of Chronic Diseases Study
[2].

The recent NFHS 3 data [17], which studied urban and
rural residents (all women aged 15–49 and all men aged
15–54) in 29 states of India during the year 2005-2006,
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Figure 1: Trends in age-standardised diabetes prevalence in the SEA region between 1980 and 2008 for male and female population [2].

reported that more than two percent of men and women
had self-reported DM. The number of women who had DM
ranged from 282 per 100,000 women in Rajasthan to 2,549
per 100,000 women in Kerala. In five other states (Tamil
Nadu, Goa, Tripura, West Bengal, and Delhi) the number of
women with DMwas relatively high (above 1,500 per 100,000
women). Only five states hadDMprevalence levels below 500
per 100,000 men (Jammu and Kashmir, Mizoram, Himachal
Pradesh, Rajasthan, and Uttar Pradesh).

It has also been reported that there is a dramatic increase
in the prevalence of type 2 DM in the African regions [18]. In
studies done between the 1960s and early 1980s, prevalence
of type 2 DM was mostly lower than 1%, except in South
Africa and Côte d’Ivoire [19]. However, currently DM rates
are rising in many parts of Africa [20]. According to the

Burden of Metabolic Risk Factors of Chronic Diseases Study,
the DM prevalence in 2008 was higher in North Africa and
was the lowest in Sub-Saharan Africa [3] and the prevalence
ranged from 1% in rural Uganda to 12% in urban Kenya
[21]. Studies from Sub-Saharan Africa report prevalence rates
of 2.5–8% in rural and urban communities in West Africa
[22–24] and 1–12% in rural and urban communities in East
Africa [14, 25–27]. Prevalence rates of 3–10% were noted in
urban and rural populations in South Africa [28, 29], while in
Central Africa the figures ranged from 2.9% to 6.2% in rural
and urban communities [30, 31] which are comparable with
rates in developed countries. In a recent community-based
screening for DM conducted simultaneously in four major
Cameroonian cities, the sex-specific-age-adjusted prevalence
of DM (for men and women) had dramatically risen to 10.1%
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and 11.2%, respectively [32]. The number of individuals with
DM in the AFR region in the year 2011 and the projected
figures for the year 2030 are presented in Table 2 [3].

One of the unfortunate aspects of DM is that more than
half of the people with DM are unaware of the condition.
The rate of undiagnosed DM is high in both of the SEA and
AFR regions. In the ICMR-INDIAB Study the prevalence of
undiagnosed DM among residents of Tamil Nadu, Maha-
rashtra, Jharkhand, and Chandigarh were 44%, 70%, 51%,
and 50% [16]. The AFR region has the highest proportion of
undiagnosed DM, at least 78% [3].

3. Burden of HTN in SEA and AFR Regions

In developed countries of the world, the prevalence ofHTN is
beginning to stabilize or decrease, thanks to prevention and
control measures [33]. Parallelly the prevalence rates of CVD
(both CAD and stroke) are also beginning to fall [34, 35].
In contrast, in the developing regions of the world such as
SEA and AFR hypertension and CVD rates continue to rise.
Extensive epidemiological studies show that HTN is one of
the commonest cardiovascular ailments in AFR and SEA
regions. Approximately one-third of the adult population
has high BP and nearly 1.5 million deaths occur due to
HTN each year in the SEA region. Studies in India have
shown an increasing trend in the prevalence of HTN among
urban adults: men 30%, women 33% in Jaipur (1995); men
44%, women 45% in Mumbai (1999); men 31%, women 36%
in Thiruvananthapuram (2000); men 36%, women 37% in
Jaipur (2002); 21.1% in Chennai (2003). Among the rural
populations, HTN prevalence inmen was 24% and in women
17% in Rajasthan (1994) [36]. The CURES Study reported
a prevalence of 23.2% HTN among men and 17.1% among
women in South India [37]. HTN is responsible for 57% of
all stroke mortality and 24% of all CAD mortality in India.
In Thailand, the age-adjusted prevalence of HTN was 25%
in men and 24% in women [38]. In Bangladesh, prevalence
rates of systolic and diastolic HTN were 14.4 and 9.1 percent,
respectively, with prevalence of systolic HTN significantly
higher in rural than in urban participants [39].

In addition, there is an approximately 89% increase in
Sub-Saharan Africa from 2000 through 2025 versus a 24%
increase in more developed countries. Among the WHO
regions, the prevalence of HTN was the highest in Africa,
where it was 46% for both sexes combined. Both men and
women have high rates of raised BP in the African region,
with prevalence rates over 40% [40]. It has been reported
that the prevalence of HTN is increasing rapidly in Sub-
Saharan Africa and occurring in young and active adults [8].
Age-adjusted prevalence urban studies have shown that in
the adult population of Durban, HTN was the highest in
Zulus (25%), intermediate inWhites (17.2%), and the lowest in
Indians (14.2%). However, in contrast, the prevalence of HTN
in rural areas was lower: 4.1% in Ghana, 5.9% in Nigeria, 7%
in Lesotho, and 7.37% in the rural Zulu [41].

A recent systematic analysis of health examination sur-
veys and epidemiological studies in 199 countries and territo-
ries with 786 country-years and 5.4 million participants has

Table 2: Number of people with diabetes (in thousands) in the 20–
79 age group in countries of African region (2011 and 2030) [3].

Country 2011 2030
Algeria 1435 2351
Angola 185 383
Benin 71 143
Botswana 94 134
Burkina Faso 175 371
Burundi 94 191
Cameroon 501 913
Cape Verde 13 25
Central African Republic 58 99
Chad 197 401
Comoros 23 48
Congo 95 176
Cote d’Ivoire 407 813
DR Congo 731 1422
Equatorial Guinea 14 26
Eritrea 95 192
Ethiopia 1377 2629
Gabon 69 124
Gambia 12 26
Ghana 517 1036
Guinea 182 324
Guinea-Bissau 19 33
Kenya 769 1683
Lesotho 29 52
Liberia 51 97
Madagascar 428 832
Malawi 352 747
Mali 100 217
Mauritania 61 119
Mauritius 138 196
Mozambique 295 581
Namibia 74 135
Niger 284 620
Nigeria 3055 6113
Rwanda 126 275
Sao Tome and Principe 4 8
Senegal 146 296
Seychelles 4 5
Sierra Leone 72 127
South Africa 1947 2548
Swaziland 14 22
Togo 81 153
Uganda 308 690
United Republic of Tanzania 473 1107
Zambia 244 432
Zimbabwe 551 1053

looked at the national, regional, and global trends in systolic
BP (SBP) for adults 25 years and older since 1980 [6].The SBP
rose inOceania, EastAfrica, and South and SoutheastAsia for
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Table 3: Trends in age-standardized mean SBP in selected Africa region between 1980 and 2008 for male and female population [6].

Selected Africa region Mean systolic blood pressure (mmHg)
Female Male

Year 1980 1990 2000 2008 1980 1990 2000 2008
Algeria 130.8 131 130.5 129.9 132.4 130.4 129.2 130
Angola 130.1 129.9 129.9 130.1 135.2 133.6 132.4 133.6
Cameroon 125.9 125.9 125.6 127.3 132.8 130.1 128.8 131.3
Cote d’Ivoire 130.3 130.5 130.7 131.5 136.5 133.2 132.7 134.6
DR Congo 129.7 129.3 128.1 129.4 134.0 131.6 130.4 132.7
Ethiopia 116.6 120.1 123.3 126.6 123.1 124.5 126.4 129.6
Ghana 125.7 127.6 129 128.3 130.5 129 129.1 129.5
Kenya 123.7 124.9 127.3 129.9 128.2 127.7 128.9 132.1
Mozambique 127.8 130.0 132.6 135.4 133.4 132.5 134 137.5
Nigeria 131 131.8 133.9 135.5 134.5 130.1 130 132.8
South Africa 133.2 132.3 130 131 135.4 133.6 131.3 133.8
Uganda 126.3 129.2 132.0 134.5 130.7 130.7 132.4 135.6
United Republic of Tanzania 122.6 125.6 127.9 130.8 126.4 126.4 128.2 131.6
Zimbabwe 128.7 130.4 130.8 132 130.8 130.3 130.2 131.9

both sexes and in West Africa for women, with the increases
ranging from 0.8 to 1.6mmHg per decade in men and 1.0 to
2.7mmHg per decade in women. Table 3 shows the trends
in age-standardised mean SBP in selected African region
between 1980 and 2008 for male and female population as
reported in the Burden of Metabolic Risk Factors of Chronic
Diseases Study [6].

Control of HTN in Sub-Saharan Africa is poor and target
BP<140/90mmHgon treatment occurred in<1% inTanzania
[42] and 7% in Blackmales and 15% in Black females in South
Africa [43]. Obstacles to adherence include (a) long duration
of therapy, (b) complicated regimens, (c) cost of drugs, (d)
side effects of medication, (e) lack of specific appointment
time, (f) long waiting period at clinic or office, (g) lack of
consistent and continuous primary care, (g) instructions not
understood, (h) organic brain damage (memory deficit), and
(i) medicines not available. The patient and illness character-
istics include (a) asymptomatic nature of the condition; (b)
chronic conditions require constant attention; (c) there are no
immediate consequences of stopping treatment for example,
one does not feel sick; (d) social isolation; (f) disrupted home
situation; and (g) psychiatric illnesses.

Significant numbers of individuals with HTN in both of
the SEA and AFR regions are unaware of their condition and,
among those diagnosed with HTN, treatment is frequently
inadequate. HTNwas estimated to have caused 46,888 deaths
or 9% of all deaths and 390,860 DALYs or 2.4% of all DALYs
in South Africa in 2000. Overall, 50% of stroke, 42% of IHD,
72% of hypertensive disease, and 22% of other CVD burdens
in adult males and females (30+ years) were attributable to
high BP [44]. InThailand, burden of diseases defined as total
DALY loss attributed to HTN was 5.5% in both men and
women [45].

4. Coexistence of Diabetes and Hypertension

HTN is a common comorbid condition in DM and vice
versa. DM and HTN coexist in approximately 40% to 60%
of patients with type 2 DM [46, 47]. HTN may precede the
onset of DM. In about 95% cases, it is essential HTN and
the rest may be secondary HTN. In some cases, both HTN
and DM may be present at the time of initial diagnosis [48].
The Hypertension in Diabetes Study (HDS)-I conducted to
determine the prevalence of HTN in newly diagnosed type
2 diabetic patients reported that 39% of the patients were
hypertensive at the time of diagnosis of DM [49].

There is considerable evidence for an increased preva-
lence of HTN in diabetic persons from other populations
[50]. In a study conducted in American Indian and Alaska
Native communities to estimate the prevalence of clinical
HTN and assess the coexistence with DM, 37% of diabetic
individuals were diagnosedwithHTN [51]. In the same study,
the relative risk ofHTN in the diabetic populations compared
with the nondiabetic populations varied from 4.7 to 7.7 [52].
It has also been shown that in hypertensive patients agaging
40–59 years, of three different ethnic groups living in South
London, aremore likely to haveDM, and, conversely, patients
with DM have a greater chance of having HTN [52]. In a
large prospective cohort study that included 12,550 adults, the
development of type 2 DM was almost 2.5 times as likely in
persons with HTN than in their normotensive counterparts
[50, 53].

Both essential HTN and DM affect the same major target
organs. The common denominator of hypertensive/diabetic
target organ-disease is the vascular tree. People with coex-
isting DM and HTN are at increased risk of developing
atherosclerosis, retinopathy, renal failure, and nontraumatic
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amputations and CVD [54]. Moreover, it has been shown
that lowering BP in high risk patients with DM can reduce
deaths from strokes, overall mortality, and CVD events and
can slow the progression of renal disease in patients with
type 2 DM [55]. Left ventricular hypertrophy and CAD
are much more common in diabetic hypertensive patients
than in patients suffering from HTN or DM alone [56].
HTN substantially increases the risk of both macrovascular
and microvascular complications in DM. In studies such as
the Systolic Hypertension in the Elderly Program (SHEP)
and the Systolic Hypertension in Europe Study (Syst-Eur),
those with coexisting DM had an approximate doubling in
cardiovascular morbidity and mortality [55, 57].

Studies show that glycaemic control is effective in reduc-
ing microvascular complications. However “tight” HTN con-
trol appears to be more effective than glycaemic control in
reducing microvascular events particularly kidney disease.
Clinical trials have demonstrated the importance of intensive
treatment of HTN among patients with DM. The UKPDS
showed that each 10mmHg decrease in mean SBP was
associatedwith 12% reduction in the risk for any complication
related to DM, 15% reduction in deaths related to DM, 11%
reduction in myocardial infarction, and 13% reduction in
microvascular complications [58].

TheHypertension inDiabetes Study (HDS)-II [59], which
looked at the degree to which HTN is a risk factor for
macrovascular and microvascular complications in type 2
DM, reported that hypertensive patients had a greater inci-
dence than normotensive patients of death from diabetes-
related, mainly cardiovascular events and a greater incidence
of diabetes-related death and major morbidity combined,
including myocardial infarctions, angina, strokes, and ampu-
tation.

Studies from SEA region have shown that DM and
HTN coexist in type 2 DM. In India about 50% of diabetic
individuals have HTN [60, 61]. In the Screening India’s
Twin Epidemic (SITE) cross-sectional study conducted in 10
Indian states [62] DM and HTN were coexistent in 20.6%
patients, which demonstrate that the substantial burden of
DM and HTN is on the rise in India. According to the
Thailand Diabetes registry, the prevalence of HTN in adult
Thai type 2 diabetic patients was 78.4 [63]. Among 745
subjects with known DM, who participated in the Fourth
Korea National Health and Nutrition Examination Survey in
2007 and 2008, the prevalence of HTN was reported to be
55.5% [64]. In a study conducted in seven urban populations
of Nepal, 36.7% of the diabetic subjects had HTN, while
of all subjects with HTN, 29.1% had DM (known or newly
diagnosed) [65].

African studies have reported high prevalence of HTN
in DM, although most are clinic based. A high prevalence
rate of 66.4% was reported in Cameroonian type 2 diabetic
population (African Blacks) [66]. A study conducted in
Kenya during the year 2005 to determine the proportion of
specific cardiovascular risk factors in ambulatory patients
with type 2 DM reported that 50% of the patients had HTN
[67]. In a Nigerian clinic population, HTN andDM coexisted
in 9.7% of the patients studied [68]. The recent EPIDIAM
Study conducted in 525 type 2 diabetic individuals in three

Moroccan regions reported that 70.4% of the individuals had
HTN [69]. Another study conducted in Benin City, Nigeria,
reported that 54.2% of the diabetic individuals hadHTN [70].

5. Strategies and Interventions to
Prevent/Control Diabetes and Hypertension
in Primary Care Settings

In most developing countries, till recently, the priorities of
health care had been the prevention and control of com-
municable diseases. However now the attention has begun
to shift to the control and prevention of noncommunicable
diseases (NCDs) including DM, HTN, CAD, and stroke in
view of the rising trend of NCDs. For this, an integrated
approach to the prevention and management, irrespective of
cause, is needed in primary health care settings [71]. Chronic
disease interventions selected for use in primary health care
must lead to productive changes in risk status and outcomes,
be cost effective, and be financially and logistically feasible,
which are available for implementation across a range of
resource settings [72].

Within this context of restrained economic conditions, in
the SEA and AFR regions, the greatest gains in controlling
the DM and HTN epidemics lie in their prevention, or at
least early detection and adequate control. For most low-
income and middle-income countries, the major obstacle to
the control of BP-related diseases is the absence of appropriate
primary health care services [73]. The commonality of many
risk factors for HTN and DM justifies an integrated approach
to the prevention and control of both. Both problems have
to be tackled at several levels, that is, primordial, primary,
secondary, and tertiary prevention (Figure 2). “Primordial
prevention” refers to reduction of the risk factors ofDM/HTN
and thereby decreasing the risk of developing DM in the
future. “Primary prevention” refers to prevention (or post-
ponement) of the condition in those in a prediabetes/HTN
stage. “Secondary prevention” refers to prevention of com-
plications in those who have already developed DM/HTN.
Finally the term “Tertiary prevention” is used to describe
limiting physical disability and preventing progression to end
stage complications in those who have already developed
some associated complications.

Primordial prevention depends on health policies
that create a congenial environment and promote healthy
behaviours and population wide education programs,
which in turn depends on many factors, including political
commitment, advocacy by health professionals, and
involvement of community leaders and the mass media
[74]. The “rule of halves” has shown that more than 50%
of people with DM or HTN remain undiagnosed, among
those detected, 50% do not take treatment, and finally
among those who take treatment, over 50% are not under
control. Thus overall only 6–8% of subjects with DM or
HTN remain adequately controlled [75, 76]. This poses a
huge challenge and underscores the need to urgently raise
awareness in the community at large. Attempts should
be made to detect DM/HTN early before irreversible
organ damage occurs and to provide them with the best
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Figure 2: Strategies for prevention for diabetes and hypertension at different levels.

possible and yet affordable treatment. Beaglehole et al. [71]
have emphasized that management of chronic diseases is
fundamentally different from acute care, relying on several
features including opportunistic case finding for assessment
of risk factors, detection of early disease, identification of
high risk status, a combination of pharmacological, and
psychosocial interventions, often in a stepped-care fashion,
and finally long-term followup with regular monitoring
and promotion of adherence to treatment. Therefore, efforts
should be made for detection through screening and early
management at the community level. Screening activities
are an important component of any prevention/control
programme and are particularly important in population at
high risk for developing DM/HTN (e.g., older individuals,
some ethnic groups) and those with limited access to medical
care (e.g., some minorities, migrants) (Figure 2). Luckily,
unlike screening for some diseases, for example, cancer,
screening for DM/HTN or prediabetes/HTN is fairly simple.
In addition, a standardized algorithm of management can
help in the rational use of available resources at the primary
care level.

The next step after having the high risk group detected
is to advise lifestyle modifications (primary prevention).
While age and ethnicity are non-modifiable risk factors,
physical inactivity and waist circumference, dietary and
smoking habits, and so forth can be modified. Evidence
fromhigh-income settings shows that interventions to reduce
risk behaviours (dietary modifications, increase exercise,
and stop smoking) in people with serious risk factors or
preexisting disease such as HTN, DM, and CVD are more
successful in achieving reductions in risk factors and, in some
circumstances, improving clinical outcomes [77]. The high
risk group can be empowered through health education on
lifestyle modification (LSM) and their benefits with the help
of community health workers.

Landmark studies like the Da Qing Study in China [78],
Finnish Diabetes Prevention Study [79], and the Diabetes
Prevention Programme (DPP) [80] have clearly shown that
measures of LSM help in preventing DM. Both of the
Finnish Diabetes Prevention Study and the DPP in the USA
showed that lifestyle change can significantly reduce the
risk of development of type 2 DM by 58% in individuals
with IGT and demonstrated that modest weight change and
achievable physical activity goals can translate into significant
risk reduction [78, 79].TheDaQing Study [78], conducted in
a Chinese population, reported that diet, exercise, and diet-
plus-exercise interventions were associated with 31%, 46%,
and 42% reductions in risk of developing DM, respectively.
The Indian Diabetes Prevention Programme (IDPP) showed
that progression to DM from impaired glucose tolerance
(IGT) can be prevented by 28.5% with LSM and 26.4% with
with metformin (MET) in individuals who were younger,
leaner, and more insulin resistant as compared with the
control group [81]. However, there was no added benefit from
combining LSM +MET (28.2%) [81].

There are also several clinical trials exploring the efficacy
of lifestyle modifications to reduce BP. A prospective study
on 8302 Finnish men and 9139 women aged 25 to 64 years
without a history of antihypertensive drug use, CAD, stroke,
and heart failure at baseline showed that subjects with heavy
grade of physical activity had lower prevalence of HTN [82].
Of the three lifestyle changes—weight reduction, sodium
reduction, and stress management tested in 2182 partici-
pants with prehypertension in the Trials of Hypertension
Prevention-phase I (TOHP-I)—weight reduction was the
most effective strategy, producing a net weight loss of 3.9 kg
and a BP change of −2.3/−2.9mmHg [83]. TOHP-II [84]
demonstrated that in overweight adults with high-normal
BP, weight loss, and reduction in sodium intake, individually
and in combination, were effective in lowering systolic and
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diastolic BP, especially in the short term (6months). Further-
more, it concluded that the effects on average BP declined
over time (48 months) and reductions in HTN incidence
were achieved.The PREMIER clinical trial [85] reported that
individuals with above-optimal BP, including stage 1 HTN,
can make multiple lifestyle changes that lower BP and reduce
their CVD risk.

While all efforts must be taken to prevent DM/HTN,
what about the people who already have these conditions?
Unless proper care is provided to these individuals, they
could face a huge burden of complications in the future.
Three landmark studies on glycemic control in DM, namely,
the Diabetes Complications and Control Trial (DCCT), the
United Kingdom Prospective Diabetes Study (UKPDS), and
Kumamoto Study [86–88], have clearly documented the ben-
eficial effects of glycemic control in preventingmicrovascular
complications in diabetic patients. However, mere glycemia
control alone may not be sufficient to prevent CVD as
shown in the UKPDS Study where despite a 16% reduction
in MI, it did not reach statistical significance. Thus it is
clear that a much prolonged approach controlling glucose,
blood pressure, and lipids is needed to prevent CVD in
diabetic subjects as shown by STENO-2 Study [89]. Indeed
a tight DM control may even be harmful in older high risk
patients as shown by the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) Trial [90], which showed that
aiming for a glycated hemoglobin around 6.0% could result
in increased mortality. Thus the overall consensus is that a
glycated hemoglobin of less than 7% would be adequate [91].
Skyler et al. [92] have suggested that glycemic control may be
important beforemacrovascular disease is well developed but
has less impact when vascular disease is advanced. The same
group recommends that for primary and secondary CVD
risk reduction in diabetic patients, the evidence-based rec-
ommendations for blood pressure treatment, including lipid-
lowering with statins, aspirin prophylaxis, smoking cessation,
and healthy lifestyle behaviors outlined by American Heart
Association (AHA) and the American Diabetes Association
(ADA) guidelines [91, 93] should be followed.

It is thus clear that it is important to improve levels of care
at several health care settings, namely, primary, secondary,
and tertiary. Unfortunately, there is an acute shortage of
general physicians in rural areas. Thus at the primary level,
the existing primary health centres (PHCs) and rural clinics
must be strengthened. This includes providing basic training
to the doctors and paramedical staff as well as community
health workers as well as improving the facilities available
at the PHCs, for example, essential medicines, glucometers,
blood pressure apparatus, and so forth. Screening can be
successfully done by nonphysicians as shown in the Chunam-
pet Rural Diabetes Prevention Project (CRDPP) [94]. Large
scale screening for DM/HTN is possible, but it then becomes
an ethical issue to provide basic care, for example, low cost
generic drugs and follow-up care.

Studies in which the effectiveness of professional inter-
ventions (postgraduate education of health care) combined
with local consensus procedures and/or reminders and/or
audit and feedback were compared with usual care have
reported an improved diabetes care [95, 96]. Another study

which evaluated education for both health care professionals
and patients showed that the intervention improved glycated
hemoglobin, body weight, and triglycerides [97]. Proper
referral systems for treatment must also be available. Mea-
sures should be taken to increase the adherence to practice
guidelines and improve both primary care doctors’ and
patients’ knowledge. Evaluating and auditing of adherence to
the national guidelines and management in primary health-
care should be done regularly to ensure that appropriate care
is provided. There is ample evidence from many developed
and developing countries to show that type 2 DM and HTN
are routinelymanaged by nurses/health workers/pharmacists
in primary care centres in conjunction with a physician
through patient education, patient and family counseling,
and close monitoring of health outcomes [98–103]. Mex-
ico’s Veracruz Initiative for DM awareness (VIDA) showed
the potential of implementing chronic disease management
principles in low-resource primary healthcare settings, where
health workers received in-service training on DM manage-
ment, including foot care, and also learned about principles
of effective health care for chronic disease as represented by
the chronic care model [102]. A similar approach has been
adopted in rural South Africa for DM, HTN, and asthma and
resulted in successful control of the disorders [103].

Application of technology can also be used to control
the twin epidemic. Telemedicine, which is an integration of
electronic information andmedical technology, could help to
bring specialized healthcare to the remotest and underserved
areas in developing countries [104]. Telemedicine is an
exciting new technology which can help in integration of all
urban and rural health care centers and improve the quality of
medical services in the presently underserved and impover-
ished sections particularly in remote rural areas of developing
countries. The potential of this tool is particularly significant
in SEA and AFR regions where specialists are few and where
distances and the quality of the infrastructure hinder the
movement of physicians or patients. There is evidence in
both of these regions to show that this technology can nullify
the gap in providing quality health care where health care
professionals cannot reach out to people with chronic disease
who need their services [94, 105–108]. The Chunampet Rural
Diabetes Prevention Project (CRDPP), which was developed
to provide mass screening and DM health care and preven-
tion to rural India through a combination of telemedicine
and personalized care and employment of local youth (both
men and women), demonstrated that the model is not only
suitable for prevention and control ofDMbut also reduces the
burden of other chronic NCDs such as HTN in low-resource
rural settings [94]. Thus, novel methods such as this must be
developed to provide health care, in general, and, in particu-
lar, DM and HTN prevention, which is accessible, affordable,
and acceptable to rural people in developing countries.

In addition, the existing infrastructure at government
hospitals, which provide secondary level of care, should
be improved to screen and provide basic treatment for
DM-related complications or CVD/stroke in addition to
some laboratory support, for example, lipid profile, glycated
hemoglobin, microalbuminuria, or serum creatinine esti-
mation and ECG. In addition, Public Private Partnerships
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Table 4: Action plans for prevention/control of diabetes and hypertension in different health care settings.

Detection Diabetes education Equipment Medicines

Primary care
Large scale screening
using high risk category
approach

Through community
workers—training of
community workers in
screening activities

Basic equipment like
Glucometer, BP
apparatus

Essential low cost generic drugs
to be made available at all PHCs

Secondary care

Confirmation of
diagnosis Screening for
complications of
diabetes and co-morbid
conditions

(i) Physicians
(ii) Paramedicals

Ophthalmology
Basic laboratory support

Insulin, oral hypoglycemic drugs,
ACE inhibitors, calcium
antagonists, ARBs, statins,
aspirin, and other
antihypertensive drugs

Tertiary care Treatment of
complications

(i) Diabetologists
(ii) Ophthalmologists
(iii) Nephrologists
(iv) Cardiologists

Advanced equipment
(i) Laser
photocoagulation
(ii) Fundus camera
(iii) Cardiac care
(iv) Dialysis unit
(v) Transplantation

All of above and costlier drugs or
treatments

could be encouraged if the Government cannot provide all
the necessary infrastructure or personnel to accomplish this
[109]. Providing large scale insurance benefits to those below
the poverty line can help to prevent them from getting into a
“debt trap” because of illness-related health care expenditure
[110].

A small percentage of individuals (about 5%) will
ultimately need tertiary care facilities for management of
their advanced stage of complications [94], for example,
Laser photocoagulation for diabetic retinopathy, dialysis or
transplantation for renal failure, coronary angiography or
bypass/angioplasty for CAD, or limb salvage procedures
or amputations for advanced diabetic foot disease (tertiary
prevention). For these procedures, help of tertiary care
centres would be needed. Again, costs, quality control, and
accountability could be ensured bymutually acceptable terms
and some or all of these costs could be defrayed by insurance
schemes specifically meant to benefit people. Table 4 sum-
marizes some of the action plans to prevent/control DM and
HTN.

According to the United Nations Joint Program on
HIV/AIDS, 33.2 million adults and children are living with
these infections worldwide. Of these, two to three million
are estimated to be in South Asia [111]. Many low- and
middle-income countries, particularly the AFR region, face
a double burden of disease from infectious diseases such
as HIV/AIDS and NCDs [112]. The health systems in such
countries are weak and are severely challenged by the weight
of a double burden of disease. Recently, a compelling case
has also been made for coordinated or “diagonal” approach
to HIV/AIDS and NCD prevention and control as they
share many similarities that make them ideal candidates
for a coordinated approach [112–114]. There is paucity of
data on the integration of care for HIV, DM, and CVD in
several low-income and middle-income countries although
they coexist [115]. A review on care delivery models for
DM andHIV/AIDS in Sub-Saharan Africa revealed potential
elements for cross-fertilization which includes rapid scale-up

approaches through the public health approach by simplifi-
cation and decentralization; community involvement, peer
support, and self-management strategies; and strengthening
health services [112]. A Cambodian study demonstrated the
feasibility of integrating care for HIV/AIDS, DM, and HTN
within the setting of chronic disease clinics and reported over
70% retention of patients after 24 months [116]. HIV/AIDS
models have a lot of experience with activating community
and peer support for patients, which can be followed in
prevention of chronic diseases including HTN and DM.
Therefore, lessons from these studies reveal that there is
no need to reinvent the wheel, as experiences with HIV
programmes can be leveraged to NCD programmes, and
vice versa. With appropriate resources and support, such
approaches could be used in primary health care.

6. Conclusion

Both DM and HTN present huge challenges in developing
countries, particularly in the SEA and AFR regions. Health
care systems should be strengthened for early detection and
effective treatment of those affected with both DM andHTN.
Strategies to prevent/control HTN and DM should be popu-
lation based, incorporating multilevel, multicomponent, and
socioenvironmental approaches and integrating community
resources with public health and clinical care. According to
the chronic care model put forth by WHO in 2002, six areas
need improvement to facilitate chronic care: community
resources; health systems; self-management support; deci-
sion support; delivery system redesign; and clinical infor-
mation systems [117], all of which give greater emphasis to
the need for policy changes and empowering the community
[118]. Based on this, various interventions/strategies have
been suggested to improve health care for chronic disease
as shown in Figure 3. There is an urgent need to improve
monitoring andmanagement of risk factors through primary
care linked programmes. Policy and system changes are
essential to reduce risk in populations, including legislation
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and public education to reduce dietary fat, salt and sugar,
food pricing policies, tobacco control, and changes to health
care delivery systems to explicitly support prevention/control
of DM and HTN. Ultimately, prevention of DM/HTN needs
“political will”, societal and community support, and of
course behavioral change on the part of the individuals and
their families.
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Objective. The objective was to evaluate the capacity of primary care (PC) facilities to implement basic interventions for prevention
and management of major noncommunicable diseases (NCDs), including cardiovascular diseases and diabetes. Methods. A cross-
sectional survey was done in eight low- and middle-income countries (Benin, Bhutan, Eritrea, Sri Lanka, Sudan, Suriname,
Syria, and Vietnam) in 90 PC facilities randomly selected. The survey included questions on the availability of human resources,
equipment, infrastructure, medicines, utilization of services, financing, medical information, and referral systems. Results and
Conclusions. Major deficits were identified in health financing, access to basic technologies and medicines, medical information
systems, and the health workforce. The study has provided the foundation for strengthening PC to address noncommunicable
diseases. There are important implications of the findings of this study for all low- and middle-income countries as capacity of PC
is fundamental for equitable prevention and control of NCDs.
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1. Introduction

Noncommunicable diseases (NCDs), cardiovascular disease,
cancer, diabetes, and chronic respiratory diseases, cause the
death of more people each year than all other causes
combined. Of 57 million global deaths in 2008, 36 million—
almost two-thirds—were due to NCDs, comprising mainly
cardiovascular diseases, cancers, diabetes, and chronic lung
diseases [1]. The combined burden of these diseases is rising
disproportionately in low- and middle-income countries
(LMIC). In 2008, for example, 29 million NCD deaths
(nearly 80% of the global total) occurred in LMIC [1]. A
primary health care approach is essential to address NCDs
effectively and equitably [2, 3], and the need to strengthen
primary care (PC) has been recently highlighted in the polit-
ical declaration of the United Nations high-level meeting for
NCD prevention and control [4].

Implementing essential NCD interventions in PC [5, 6]
has the potential to prevent NCD complications such as heart
attacks, strokes, blindness, amputations, and renal disease,
through early detection and treatment of people at high risk
[7]. There are many cost-effective and high-impact interven-
tions that are feasible to be delivered in PC in low-resource
settings by physician as well as nonphysician health care
providers [8]. These include cardiovascular risk assessment
and management to prevent heart attacks and strokes using
hypertension and diabetes as entry points, detection, and
followup of diabetes to prevent diabetes complications such
as chronic renal disease, smoking cessation counselling to
prevent progression of chronic respiratory disease, among
others [1, 7, 9]. A core set of these interventions have been
prioritized for countrywide scaling up by the World Health
Organization based on their cost effectiveness, impact, and
feasibility of delivery in PC in low-resource settings [7,
10]. Key prerequisites for delivery of such interventions
include fair financing systems, basic technologies, essential
medicines, trained health personnel, medical information,
and referral systems [6, 7, 11]. The objective of this study
was to evaluate the capacity of PC facilities to implement
basic interventions for prevention and management of major
NCDs.

2. Methods

In 2009/2011, Ministries of Health in eight LMIC (2 low-
income countries: Benin, Eritrea; 4 low-middle-income
countries: Sudan, Bhutan, Sri Lanka, Vietnam; 2 upper-
middle-income countries: Suriname and Syria), worked with
the World Health Organization to conduct feasibility studies
for scaling up delivery of NCD interventions in PC using
the WHO package of essential NCD interventions (WHO
PEN) [7]. Facility capacity assessments were done to assess
the feasibility of delivering these interventions in PC in the
public sector, in defined administrative areas selected by
the Ministries of Health for strengthening NCD services. To
facilitate supervision and logistics, the administrative regions
selected were within one-day drive from the Ministry of
Health. For each area, a list of PC facilities was compiled,
and 50% or more of the facilities were randomly selected.

The defined areas were Cotonou Ouidah, Kpomassè, Tori
administrative areas in Benin, Bumthang and Paro districts
in Bhutan, Asmara (Akria, Addis Alem, Godaif, Tsaeda-
Christian, Semenawi Meerab, and Semenawi Mibrak sub-
zones) in Eritrea, Badulla district in Sri Lanka, Sharg Elnil
and Elkamlin districts in Sudan, urban coastal, rural coastal,
rural interior administrative areas in Suriname, Damascus
(Kaa’a, Dowella, and Tadamun) and Lattakia (Sekentori,
Alramel, Kaneed, and Hai Alaa’dein) in Syria, and Phunhuan
district in Vietnam.

Surveys were conducted in 90 PC facilities, between
January 2009 and January 2011. A rapid assessment tool
for primary care facility capacity assessment for NCDs was
used to collect data from facilities [7]. The survey included
33 questions to gather data on service utilization, infras-
tructure, financing and administration, medical information
system, referral services, human resources, equipment, and
diagnostic tests and medicines [7, 10]. Information collected
on diagnostic tests and medicines was in relation to priority
interventions [7, 10] for major NCDs; cardiovascular disease,
diabetes, chronic respiratory disease (asthma and chronic
obstructive airways disease), and cancer (palliative care). All
medicines surveyed are in the WHO’s model formulary of
essential medicines [12]. The assessment focused on the
availability of 7 biochemical tests, 10 basic equipment, and
27 medicines and medical information systems to implement
14 basic NCD interventions [7]. Information was provided
by a physician or a nurse in charge of each facility and was
complemented by interviews with staff from health facilities
and ministries of health and national health statistics. We
used version Excel MS 2003 for data entry and analysis and
employed descriptive statistical methods to compare individ-
ual elements of the survey between different countries.

3. Results

Table 1 shows the countries in which the surveys were con-
ducted, the World Bank income class of the countries,
number of facilities surveyed, mean size of the population
served by facilities, total number of patient visits per month,
number of patient visits attributed to NCD, per capita expen-
diture on health, and the percentage of private expenditure
and out-of-pocket expenditure. The average population
covered by a PC facility and the percentage of patient visits
to PC, attributed to NCDs, in the 8 countries varied widely.

3.1. Diagnostic Tests, Equipment, and Services. The availabil-
ity of basic diagnostic tests (urine tests: albumin, glucose,
ketones; blood tests: glucose, cholesterol, creatinine, and
troponin) is shown in Table 2. Essential urine and blood tests
were not available in PC in some countries, and patients had
to be referred to a higher level facility or a private sector
institution for these tests.

All facilities had at least one functional sphygmomano-
meter. Most of them were mercury and/or aneroid devices.
Automatic devices were available in 10% of all facilities.
Facilities that used aneroid sphygmomanometers were using
them without ever calibrating them. Weighing scales were
available in almost all (99%) of the facilities and measuring



International Journal of Hypertension 3

T
a

bl
e

1:
C

h
ar

ac
te

ri
st

ic
s

of
su

rv
ey

ed
co

u
n

tr
ie

s
an

d
pr

im
ar

y
ca

re
fa

ci
lit

ie
s,

20
09

/2
01

1.

C
h

ar
ac

te
ri

st
ic

s
of

pr
im

ar
y

ca
re

fa
ci

lit
ie

s
Pa

rt
ic

ip
at

in
g

co
u

n
tr

ie
s

B
en

in
(N
=

12
)

E
ri

tr
ea

(N
=

6)
Su

da
n

(N
=

12
)

Sy
ri

a
(N
=

14
)

B
hu

ta
n

(N
=

7)
Sr

iL
an

ka
(N
=

14
)

V
ie

tn
am

(N
=

15
)

Su
ri

n
am

e
(N
=

10
)

W
or

ld
B

an
k

in
co

m
e

cl
as

s∗
Lo

w
in

co
m

e
Lo

w
in

co
m

e
Lo

w
er

m
id

dl
e

in
co

m
e

Lo
w

er
m

id
dl

e
in

co
m

e
Lo

w
er

m
id

dl
e

in
co

m
e

Lo
w

er
m

id
dl

e
in

co
m

e
Lo

w
er

m
id

dl
e

in
co

m
e

U
pp

er
m

id
dl

e
in

co
m

e
Po

pu
la

ti
on

se
rv

ed
m

ea
n

(S
D

)
31

33
3

(1
19

02
)

64
66

7
(2

90
84

)
13

08
3

(1
36

81
)

34
15

7
(1

21
67

)
50

71
(8

86
)

35
30

8
(2

00
10

)
13

26
7

(4
13

1)
13

15
0

(1
59

65
)

N
u

m
be

r
of

pa
ti

en
ts

re
gi

st
er

ed
p

er
m

on
th

m
ea

n
(S

D
)

39
8

(2
56

)
11

90
(4

66
)

84
7

(5
69

)
18

67
(1

06
0)

72
5

(6
26

)
23

43
(1

38
8)

23
8

(1
07

)
10

06
(7

10
)

Pe
rc

en
ta

ge
of

N
C

D
pa

ti
en

ts
re

gi
st

er
ed

p
er

m
on

th
4%

11
%

30
%

11
%

11
%

24
%

62
%

69
%

To
ta

le
xp

en
di

tu
re

on
h

ea
lt

h
as

%
of

gr
os

s
do

m
es

ti
c

pr
od

u
ct
∗∗

(2
00

8)
4.

1
3.

1
6.

9
3.

1
5.

5
4.

1
7.

2
7.

2

Pe
r

ca
pi

ta
to

ta
le

xp
en

di
tu

re
on

h
ea

lt
h

(P
P

P
in

t.
$)
∗∗

(2
00

8)
61

18
14

7
12

3
26

3
18

7
20

1
53

2

Pe
r

ca
pi

ta
go

ve
rn

m
en

t
ex

pe
n

di
tu

re
on

h
ea

lt
h

(P
P

P
in

t.
$)
∗∗

(2
00

8)
32

8
49

48
21

7
82

77
25

8

P
ri

va
te

ex
pe

n
di

tu
re

on
h

ea
lt

h
as

a
%

of
to

ta
le

xp
en

di
tu

re
on

h
ea

lt
h

(2
00

8)
48

.3
55

.1
66

.9
61

.2
17

.5
56

.3
61

.5
51

.5

O
u

t-
of

-p
oc

ke
t

ex
pe

n
di

tu
re

as
%

of
pr

iv
at

e
ex

p
en

di
tu

re
on

h
ea

lt
h

(2
00

8)
99

.9
10

0
91

.9
10

0
10

0
83

.3
91

.7
44

∗
T

h
e

W
or

ld
B

an
k.

C
ou

n
tr

y
an

d
Le

n
di

n
g

G
ro

u
ps

by
In

co
m

e,
h

tt
p:

//
da

ta
.w

or
ld

ba
n

k.
or

g/
ab

ou
t/

co
u

n
tr

y-
cl

as
si

fi
ca

ti
on

s/
co

u
n

tr
y-

an
d-

le
n

di
n

g-
gr

ou
ps

.
∗∗

W
or

ld
H

ea
lt

h
St

at
is

ti
cs

20
11

.T
ab

le
7,

H
ea

lt
h

ex
pe

n
di

tu
re

,h
tt

p:
//

w
w

w
.w

h
o.

in
t/

w
h

os
is

/w
h

os
ta

t/
20

11
/e

n
/i

n
de

x.
h

tm
l.



4 International Journal of Hypertension

Table 2: Percentage availability of basic diagnostic tests in primary care facilities in defined areas in eight countries, 2009/2011.

Urine and blood
tests

Benin
(n = 12)

Eritrea
(n = 6)

Sudan
(n = 12)

Syria
(n = 14)

Bhutan
(n = 7)

Sri Lanka
(n = 14)

Vietnam
(n = 15)

Suriname
(n = 10)

Urine albumin 100 67 92 64 100 46 0 70

Urine glucose 92 67 92 71 100 54 0 70

Urine ketones 42 33 58 79 0 0 0 40

Blood glucose 67 17 75 93 0 0 0 90

Blood cholesterol 25 0 33 14 0 8 0 20

Serum creatinine 33 0 58 0 0 8 0 10

Serum troponin 8 0 8 0 0 0 0 0

tapes in 63%. Ambu bags, oxygen masks, nebulizers, elec-
trocardiographs, peak expiratory flow meters and pulse
oximeters were available in 61%, 44%, 37%, 28%, 20%, and
2% of PC facilities, respectively.

Counselling for smoking cessation, foot care, and oph-
thalmoscopic examination of the eyes for patients with
diabetes were available in 88%, 42%, and 21% of all facilities.
Intravenous infusions and intravenous injections could not
be administered in 25% and 6% of all facilities, respectively.

3.2. Access to Essential Medicines. The availability of medi-
cines that are used for management of major NCDs is shown
in Table 3. If the medicine was generally available in the
facility, even if it was not available on the day of the survey
due to shortage of stocks, it was considered as available. In
some countries, none of the surveyed PC facilities provided
access to certain medicines. For example, glyceryl trinitrate,
isosorbide dinitrate, insulin, glibenclamide, ipratropim bro-
mide, and morphine injection was not available in any PC
facility in 4 countries.

None of the countries had all the selected essential
medicines in all primary care facilities. Only in one country
were glyceryl trinitrate, insulin, and beclometasone inhaler
available in more than half the PC facilities. In 34% of PC
facilities, there were no stock cards or log books that kept an
up-to-date account of available medicine stocks.

Table 4 provides information on the method of financing
of PC services. Consultations, diagnostic tests, and medicines
were provided for free in three countries. However, diag-
nostic tests and medicines were not regularly available
throughout the year due to shortage of public sector
resources. In all other countries, only some facilities provided
consultations, diagnostic tests, and medicines free of charge.
In some countries, these services were subsidized through
government funds or social security assistance. In Vietnam
and Suriname, people could use private insurance to cover
the services provided.

3.3. Health Workforce in Primary Care. There were physi-
cians in all PC facilities in only two countries. In the other
countries, only some of the facilities were managed by phys-
icians. There were no physicians in any of the PC facilities
in some countries. They were managed by trained nurses
and health assistants. In one country, there were no nurses

in PC facilities surveyed. In all other countries, more than
75% of PC facilities were staffed by at least one nurse.
Other categories of staff working in some of the facilities
included medical assistants, associate nurses, pharmacist
assistants, auxiliary health workers, and community health
workers. Public health midwives, public health inspectors
and dispensers were working in PC facilities in Sri Lanka
and Eritrea. Sudan has a category of staff called a “health
visitor.” Staff dedicated to administration was available in
some PC facilities in Eritrea, Suriname, and Syria. In all
other facilities, administrative work including procurement
and stock keeping of consumables, medicines, and financial
administration was done by medical or nursing staff. Provi-
sion of care for NCD using multidisciplinary teams was not
feasible or affordable in any of the PC facilities.

3.4. Medical Records and Referral Facilities. There were no
computer facilities for record keeping in any of the PC
facilities. In 85% of facilities, paper-based records were kept.
In 58% of facilities, the information was entered into a daily
attendance register. The daily register provided a few items
of information on each patient that attended the facility. In
the other 42%, separate records were made for individual
patients, and in half of them the records were retrieved and
used for follow-up visits. In no sites was any attempt made
to send reminders to people with diabetes or hypertension
to come for followup. Only in one country surveyed was an
appointment system used in PC for followup of patients.
There was no organized referral and back referral system
that allowed tracking of progress of patients in any country.
One-fifth of the facilities had an ambulance for emergency
transfers. The mean distance for referral for emergency care
in the 8 countries ranged from 4–50 kilometres. The duration
for transfer ranged from 15 to 110 minutes.

4. Discussion

There is a scarcity of data regarding the PC capacity in LMIC
to respond to the needs of people with NCDs. Even though
NCD interventions (such as diagnosis and treatment) are
universal, effective delivery strategies to make them accessible
to people in the prevailing socioeconomic, cultural, and
health system scenarios are different in LMICs compared to
high-income countries. The results of this survey in eight
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Table 3: Percentage availability of selected essential medicines in primary care facilities in defined areas in eight countries, 2009/2011.

Selected essential medicines
Benin

(n = 12)
Eritrea
(n = 6)

Sudan
(n = 12)

Syria
(n = 14)

Bhutan
(n = 7)

Sri Lanka
(n = 14)

Vietnam
(n = 15)

Suriname
(n = 10)

Atenolol 8.3 0.0 42.9 14.3 0.0 69.2 93.3 100.0

Enalapril 33.3 0.0 28.6 14.3 0.0 69.2 60.0 30.0

Amlodipine 58.3 0.0 50.0 0.0 0.0 69.2 86.7 80.0

Hydrochlorothiazide 75.0 100.0 35.7 14.3 85.7 69.2 40.0 90.0

Isosorbide dinitrate 0.0 0.0 0.0 21.4 0.0 69.2 60.0 90.0

Frusemide 83.3 50.0 85.7 92.9 14.3 69.2 86.7 100.0

Simvastatin or lovastatin 8.3 0.0 35.7 7.1 0.0 23.1 46.7 50.0

Insulin long acting 0.0 0.0 21.4 21.4 0.0 30.8 0.0 80.0

Insulin soluble 0.0 0.0 28.6 21.4 0.0 30.8 0.0 80.0

Metformin 25.0 0.0 42.9 14.3 0.0 69.2 53.3 100.0

Glibenclamide 41.7 0.0 71.4 21.4 14.3 69.2 33.3 100.0

Beclometasone inhaler 33.3 16.7 21.4 28.6 0.0 15.4 6.7 80.0

Prednisolone 0.0 0.0 42.9 7.1 0.0 69.2 93.3 90.0

Salbutamol inhaler 33.3 100.0 71.4 78.6 0.0 30.8 20.0 90.0

Salbutamol tablets 66.7 100.0 85.7 14.3 100.0 69.2 93.3 90.0

Ipratropium bromide 0.0 0.0 14.3 14.3 0.0 30.8 0.0 20.0

Aspirin 100.0 100.0 100.0 21.4 0.0 69.2 100.0 100.0

Paracetamol 100.0 100.0 92.9 0.0 100.0 69.2 100.0 100.0

Ibuprofen 83.3 100.0 100.0 0.0 100.0 69.2 73.3 80.0

Morphine (oral) 0.0 0.0 14.3 0.0 0.0 15.4 0.0 20.0

Morphine injection 8.3 0.0 14.3 0.0 0.0 38.5 0.0 20.0

Codeine 8.3 0.0 35.7 0.0 0.0 15.4 33.3 60.0

Glucose solution for injection 91.7 0.0 0.0 0.0 57.1 53.8 66.7 80.0

Sodium chloride infusion 91.7 100.0 92.9 35.7 0.0 53.8 100.0 60.0

Benzathine penicillin 50.0 100.0 92.9 57.1 30.8 0.0 60.0 100.0

LMICs show critical gaps in PC in four key areas. They
include health financing, medicines and technologies, health
workforce, and health information systems.

Patient-oriented and accountable health systems require
reimbursement at least for basic PC services. PC services were
free at the point of delivery only in three countries. To deliver
a minimum set of interventions for communicable diseases
and maternal and child health alone, a per capita expenditure
of at least US$ 60 has been estimated to be necessary [13]. It
has also been estimated that around 12% of GNP is required
in low-income countries to meet the international health
development goals [14]. Based on these benchmarks, it is
clear that public investment in health is inadequate to address
NCDs, in all countries surveyed. The shortfall in government
investment is made up by private spending resulting in very
high out-of-pocket expenditure on health, ranging from 83%
to 100%. To ensure equity, social protection strategies need
to be introduced to move health financing systems towards
risk-pooling and prepayment and away from out-of-pocket
“fee for service” payment [11].

The results of this survey also showed major gaps in
access to basic technologies and essential medicines. Ideally,
PC facilities should be equipped with technologies and
medicines to deliver a wide range of NCD interventions

including NCD emergencies. However, public spending on
health in many LMIC is inadequate to cover a comprehensive
set of NCD interventions in PC. In this context, a pragmatic
approach would be to prioritize available resources to
deliver low-cost, high-impact NCD interventions that can
be delivered through a primary health care approach. WHO
tools are available for selecting priority NCD interventions
in this manner and estimating the costs required for their
implementation [7, 10, 15, 16].

The results of the survey also highlight the shortage of
health personnel and the need to train and empower non
physician health workers to deliver certain essential NCD
interventions, for example, cardiovascular risk assessment,
counselling for smoking cessation, and foot care for people
with diabetes. Previous studies have demonstrated the feasi-
bility of this approach even in low-resource settings [8, 17].
Continuing medical education programs, evidence-based
guidelines, audit systems to assess performance, policies
for career development, and promotional prospects and
incentives is required to enable the health workforce in PC
to contribute better to prevention and control of NCDs
[17, 18].

Obstacles to continuity of care that were identified also
need to be addressed to improve the effectiveness of NCD
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Table 4: Financing of services and financing sources.

Financing
Benin

(n = 12)
Eritrea
(n = 6)

Sudan
(n = 12)

Syria
(n = 14)

Bhutan
(n = 7)

Sri Lanka
(n = 14)

Vietnam
(n = 15)

Suriname
(n = 10)

Facilities providing consultations for free (%) 42 100 50 100 100 69 27 100

Subsidized by central or local government (%) 0 100 50 100 100 69 20 100

Subsidized by social health insurance (%) 42 0 0 0 0 0 7 0

Facilities providing diagnostic tests for free (%) 42 100 50 100 100 69 13 100

Subsidized by central or local government (%) 0 100 50 100 100 69 13 60

Subsidized by social health insurance (%) 42 0 0 0 0 0 0 10

Facilities providing medicines for free (%) 42 100 50 100 100 62 0 70

Subsidized by central or local government (%) 0 100 50 100 100 62 0 60

Subsidized by social health insurance (%) 42 0 0 0 0 0 0 10

interventions. In this regard, individual medical records
that track the progress as well as referral/back referral
and organized appointment/reminder systems which are
important components of long-term care for NCDs need to
be made available in PC facilities.

Since inadequate financial resources is one of the root
problems for the critical gaps identified, one of the first
remedial steps that could be taken is to improve the efficiency
of service delivery. This can be done through prioritization
of NCD interventions based on equity, safety, effectiveness,
and cost [7, 11]. If these prioritized interventions are
delivered by a trained workforce, and scaled up to improve
population coverage, it will improve the chances of reversing
the progression of NCDs, preventing complications, and
reducing health care budgets [17, 19, 20]. For example,
results of blood sugar and blood cholesterol tests when taken
together with age, gender, smoking status, and systolic blood
pressure can predict the risk of a future heart attack or a
stroke, providing the opportunity for appropriate treatment
to prevent heart attacks and strokes [7, 15, 19].

Any scaling up efforts to address NCDs in low-resource
settings need to invest resources to address the critical gaps
in the health system that have been identified. In countries
where the survey was conducted, local projects are ongoing
to investigate the feasibility of addressing the gaps identified
with the objective of using the lessons learned for national
scaling up of NCD prevention and control.

5. Strengths and Limitations

The surveys were undertaken in collaboration with the
ministries of health to identify gaps for strengthening PC for
prevention and control of NCDs. This was the strength of
the study as it provided baseline data to monitor progress of
NCD programs implemented in primary care. The study has
several limitations. Surveys were not representative national
surveys but subnational surveys which were conducted in
selected suburban areas and may have overestimated the
capacity of PC facilities in rural areas. Further, to assess
availability of services we relied on interview responses of
managers. The validity, reliability, and comparability of these
responses are unknown. It was not possible to rectify these
limitations due to lack of resources and logistic difficulties.

These preliminary results help to flag the critical gaps and
highlight the need for including indicators for monitoring
health system capacity in the global monitoring of pre-
vention and control of NCDs and collating data through
nationally representative standardized surveys.

6. Conclusions

Prevention, early detection, diagnosis, and management of
NCDs are compromised due to critical health system gaps
at PC level. They include deficiencies in equitable health
financing, access to medicines and technologies, reliable
health information and referral systems, and the health
workforce. These findings support the growing consensus
that health system strengthening, particularly at PC level is
a prerequisite for scaling up prevention and control of NCDs
in resource-constrained settings.
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In 2005, the International Society of Nephrology (ISN) established the Global Outreach Program (GO) aimed at building a
capacity for detecting and managing chronic kidney disease and its complications in low- and middle-income countries. Here
we report data from the 2006-2007 screening program (1025 subjects from the general population) in the Republic of Moldova
aimed to determine the prevalence of hypertension, diabetes, and their coexistence with microalbuminuria. The likelihood of a
serious cardiovascular (CV) event was also estimated. Hypertension and diabetes were very common among screened subjects.
The prevalence of microalbuminuria was 16.9% and that of estimated GFR <60 ml/min/1.73 m2 (decreased renal function) was
9.4%. Male gender was associated with an increased prevalence of hypertension and microalbuminuria. Hypertension and diabetes
clustered in subjects with microalbuminuria and renal dysfunction. Risk factors such as preobesity/obesity, physical inactivity
and smoking were relatively common, even in younger participants. The prevalence of subjects with predicted 10-year CV risk
≥10% was 10.0%. In conclusion, in the Republic of Moldova patients with hypertension and diabetes should be screened for the
coexistence of renal abnormalities, with the intention of developing disease-specific health-care interventions with the primary
goal to reduce CV morbidity and mortality and prevent renal disease progression to end stage renal disease.

1. Introduction

The growing global burden of noncommunicable chronic
diseases (NCDs) worldwide has been disregarded until
recently by policy makers, major aid donors, and academics.
However, NCDs are the leading cause of death in the world
[1–3]. In 2008, there were 57 million deaths globally of which
63% were due to NCDs. Cardiovascular disease (including
hypertension), diabetes, cancer, and chronic respiratory
disease are the four NCDs prioritized in the Global NCD
Action Plan endorsed by the World Health Assembly in 2012
because they share major behavioral risk factors amenable

to public-health action and are the major contributors to
the global NCD burden. There is also evidence that chronic
kidney disease (CKD) is a key determinant of the poor
health outcomes of hypertension and diabetes and one
of the strongest cardiovascular (CV) risk factors [4]. In
the general population, glomerular filtration rate (GFR)
lower than 60 mL/min/1.73 m2 and albuminuria—one of
the earliest manifestation of CKD—are associated with an
independent risk of CV morbidity and mortality [5–7].
Nevertheless, data on the prevalence of renal dysfunction and
microalbuminuria from population screening programs are
scarce, especially in low-income countries, where renal and
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CV risk factors, such as hypertension, diabetes, and obesity,
are increasing at an even higher rate than in industrialized
nations [8].

The Republic of Moldova remains the poorest country
in Europe, ranking 111 according to the Global Human
Development Index [9], with CV disease as the main cause of
death [10, 11] and treatment options for patients with NCD
are very limited, especially in rural areas. Renal replacement
therapy (RRT) for end stage renal disease (ESRD) cannot
be offered to all patients due to the shortage of resources.
Since measurements of renal function and albuminuria
are easy and relatively inexpensive, detection programs for
kidney disease and its associated risk factors seem to offer a
valuable opportunity to establish early prevention strategies,
particularly at the primary-care level.

In 2005, the International Society of Nephrology (ISN)
established the Global Outreach Program (GO) (formerly
called the Commission on Global Advancement of Nephrol-
ogy (COMGAN)) aimed at building global capacity for
detecting and managing CKD in low- and middle-income
nations (http://www.theisn.org/). In 2007, the ISN funded
the establishment of an electronic database (Kidney Disease
Data Center (KDDC)) to support the collection and analysis
of data obtained through ISN-sponsored prevention pro-
grams. This program has been developed in the Republic
of Moldova for general population screening, providing
a unique opportunity to assess the prevalence of renal
dysfunction and microalbuminuria in two representative
urban areas of the country.

In the present study we analyzed data from the 2006-
2007 screening program in Moldova with the aim of deter-
mining the prevalence of hypertension, diabetes, and their
coexistence with renal dysfunction and microalbuminuria by
using data from the ISN KDDC. Moreover, we estimated the
likelihood of a serious CV event in the same population.

2. Methods

2.1. Study Population. This study is part of the screening
and intervention program Early Detection and Intervention
Program for Chronic Renal and Cardiovascular Disease in
the Republic of Moldova on the behalf of ISN GO in
two representative cities of the country. The screening was
conducted in the general population invited to attend to
two primary health care units in the capital Chisinau and in
Ialoveni. During the period from September 2006 to January
2007, 1025 individuals aged 18 or more participated to the
study (Chisinau: 553, Ialoveni: 472).

2.2. Data Collection. Data were collected prospectively using
an electronic database provided to the Moldova Coordinat-
ing Center in Chisinau by the ISN KDDC based in Bergamo,
Italy. Data quality was monitored by the bioinformatics team
of the Clinical Research Center for Rare Diseases “Aldo
e Cele Dacco,” Bergamo, Italy. In the day of screening,
the participants were enrolled after being informed about
the objectives of the survey and the screening procedure,
as well as potential benefits of the study. Baseline data

obtained from each participant included age, sex, marital
and employment status, education level, smoking status,
alcohol use, physical activity, diabetes mellitus status, and
personal history of hypertension and kidney disease. Family
history of diabetes, hypertension, cardiovascular diseases,
and kidney disease was also collected. Height and weight
were measured and used to calculate body mass index.
Systolic and diastolic blood pressures were measured by
trained personnel using manual sphygmomanometers after
participants rested quietly for five minutes.

Fasting venous blood (creatinine, glucose, cholesterol,
and hemoglobin) and spot urine (albumin, creatinine)
specimens were provided by the participants according
to local protocol. Individuals with microalbuminuria were
asked to proceed with a second confirmatory test a week
apart. Screening was carried out under research protocol
approved in advance by the relevant institutional review
board. All participants gave a written informed consent.

2.3. Definitions. Hypertension was classified according to the
Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure
scheme [12]. Participants were classified as having diabetes
mellitus (DM) if they reported a history of or were currently
treated for DM, or had a fasting blood glucose level
≥126 mg/dL. Participants’ body mass index was classified
according to the current World Health Organization (WHO)
[13] scheme as follows: <18.49 kg/m2 (underweight), 18.5–
24.9 kg/m2 (reference range), 25–29.9 kg/m2 (preobese),
and ≥30 kg/m2 (obese). Microalbuminuria was defined as
urinary albumin/creatinine (ACR) values of 30–300 mg/g.
Subjects with ACR lower than 30 mg/g were defined as
normoalbuminuric, and those with more than 300 mg/g
as macroalbuminuric. Urine albumin concentration was
determined by an ELISA method (UBI-MAGIWEL Enzyme
Immunoassay) [14]. Serum creatinine was used to estimate
glomerular filtration rate (GFR) using the 4-variable Mod-
ification of Diet in Renal Disease (MDRD) Study equation
in all participants [15]. Because the MDRD Study equation
is less accurate at higher levels of true GFR, participants were
classified regarding the presence or absence of estimated GFR
(eGFR) <60 mL/min/1.73 m2 (termed “decreased eGFR”).

The likelihood of a serious CV adverse outcome (death,
myocardial infarction, stroke, heart failure, or coronary
revascularization) during the next 10 years was estimated by
using World Health Organization (WHO) charts.

2.4. Analytical Methods. Descriptive statistics were tabulated
using count and percentage or mean, as appropriate. Missing
values were not imputed and casewise deletion did not occur;
therefore the total number of participants varied by variable.
Outcome of interest included hypertension, diabetes, body
mass index, microalbuminuria, eGFR <60 mL/min/1.73 m2),
and CV risk, as defined. According to the WHO charts, the
10-year risk of fatal or nonfatal CV event considered the
following parameters: age (years), gender, smoking habit,
SBP (mmHg), cholesterol (mg/dL), and presence/absence of
DM. An SAS version 9.1 code was constructed to generate
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the 10-year CV risk class for each participant. Results
were stratified by age, sex, and microalbuminuria. Statistical
analyses were performed using Stata software, version 12.1
(StataCorp, http://www.stata.com/).

3. Results

3.1. Participant Characteristics. Demographic and clinical
characteristics of the 1025 participants are listed in Table 1.

Mean age of participants was 48 years ranging from
18 to 77 years, and most of them were women (73.3%).
Levels of education were variable, with the highest fraction
of subjects with >10 years of education. Participants reported
mainly working outside the home, but also a large rate of
unemployment. Prevalence of current smoking habit was
higher than 13%, with 35% of men and 5% of women
being current smokers. Among current male smokers,
microalbuminuria was detected in 17.6% of subjects and
GFR <60 mL/min/1.73 m2 in 4.9%. Alcohol consumption
was variable, but always higher in men than in women. Daily
consumption of fruit and vegetables was common, while
no more than 35% of participants reported daily inactivity
with slight prevalence in women. Positive familiar history for
hypertension and CV disease was relatively high. At physical
examination mean BMI was in the preobese stage both in
men and women, whereas mean blood pressure levels were
within the normal range for both genders.

3.2. Prevalence of Hypertension, Diabetes and Preobesity. The
prevalence of hypertension (assessed at the clinic visit) was
high with more than 50% of participants having elevated SBP
or DPB or were receiving treatment for previously diagnosed
hypertension. As expected, the prevalence of hypertension
was the highest in participants who were male, and older
than 40 years (Table 2). Overall 62.7% of hypertensive sub-
jects were taking antihypertensive medication. Hypertension
was in general well controlled. 16.1% of participants had
DM. No significant difference was found in the prevalence
of DM between female and male subjects (Table 2). Seventy-
eight percent of diabetic subjects had hypertension. The
prevalence of DM progressively increased with BMI, and
5.6% of the preobese and 7.8% of the obese were diabetic.
Thirty-seven percent of participants were preobese (assessed
by BMI), with a prevalence lower in female than male.

3.3. Prevalence of Microalbuminuria and eGFR
<60 mL/min/1.73 m2. The prevalence of microalbuminuria
(assessed at the clinic visit) was 16.9%, higher in participants
older than 40 years (Table 3). Microalbuminuria was
more common in male than female. The prevalence of
eGFR <60 mL/min/1.73 m2 was 8.2% (Table 3). Higher
prevalence was found in participants who were male and
older than 40 years. The proportion of patients who had
both microalbuminuria or macroalbuminuria and eGFR
<60 mL/min/1.73 m2 was 2.2%.

3.4. Microalbuminuria in Hypertension and Diabetes. We
analyzed the relationship between microalbuminuria and

hypertension or diabetes according to age groups and
whether eGFR was lower than 60 mL/min/1.73 m2 (Table 4).
In nondiabetic hypertensive subjects the prevalence of
microalbuminuria was 19.0%. It was higher in participants
with hypertension older than 60 years who had decreased
eGFR (ACR 30–300 mg/g: 7.4%). Similarly, in diabetics the
proportion of patients with microalbuminuria was 12.0%.
In this cohort, the prevalence of microalbuminuria progres-
sively increased with age independently of eGFR. Neverthe-
less, microalbuminuria was more frequent in patients with
eGFR <60 mL/min/1.73 m2 (7.4%) than in those with higher
eGFR (4.6%). Microalbuminuria was detected in 10.9%
of subjects with coexistence of diabetes and hypertension
(Table 4).

3.5. Distribution of Cardiovascular Risk. The prevalence of
participants with predicted 10-year cardiovascular (CV) risk
≥10% was 10.0%. For predicted CV risk 10.1–20%, 20.1–
30%, 30.1–40%, and >40.1%, the proportion of subjects was
5.35%, 3.33%, 0.81%, and 0.81%, respectively.

4. Discussion

The present screening program of a representative cohort of
general population in Moldova showed a very high preva-
lence of hypertension. DM was also common among the
screened participants, together with hypertension clustered
in subjects with microalbuminuria, and renal dysfunction. In
accordance with previously published studies, male gender
was associated with an increased prevalence of hypertension,
microalbuminuria and reduced renal function [16–18]. In
addition to disease requiring medical treatment, risk factors
such a pre-obesity/obesity, inactivity, and smoking were
relatively prevalent in the population screened, even in
younger participants. A large proportion of the participants
were unemployed which would favor a sedentary lifestyle
eventually contributing to the high prevalence of pre-obesity
and ultimately of hypertension and DM.

Despite the prevalence of these medical and nonmedical
risk factors, microalbuminuria was present in 10.9% of
subjects with coexistent DM and hypertension. Raised blood
pressure is a key NCD risk factor, and its prevalence, like
that of diabetes, is projected to increase sharply over the
next few decades, especially in low-income countries [19].
Therefore we speculate that—because the epidemic of NCD
is still becoming established in the Republic of Moldova—the
full impact of these risk factors has not yet been fully realized,
and the prevalence of microalbuminuria and possibly CKD
(defined as eGFR <60 mL/min/1.73 m2) are likely to increase
substantially during the coming decades, in parallel with
CV disease. This highlights the importance of prevention
because most residents in this country cannot afford renal
replacement therapies and coronary revascularization proce-
dures.

The prevalence of microalbuminuria found in the
present study is higher than that reported by other ISN-
sponsored screening programs in indigent residents of
Guadalajara, Mexico [20], in Nepal [21], and Kinshasa,
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Table 1: Demographics and clinical characteristics of participants in the screening program.

Overall (n = 1025) Women (n = 737) Men (n = 288)

Age (years) 48.8± 14.6 48.7± 14.5 50.0± 14.8

Education (years) 944 673 271

>10 343 (36.3) 231 (34.3) 112 (41.3)

6–10 234 (24.7) 166 (24.7) 68 (25.1)

1–5 312 (33.0) 232 (34.5) 80 (29.5)

None 55 (5.8) 44 (6.5) 11 (4.1)

Work 927 657 270

Physical labor 283 (30.5) 172 (26.2) 111 (41.1)

Office work 210 (22.6) 157 (23.9) 53 (19.6)

House work 83 (22.6) 72 (11.0) 11 (4.1)

Unemployed 351 (37.8) 256 (39.0) 95 (35.2)

Fruit/Vegetable intake 1018 732 286

1 x/day 545 (53.5) 420 (57.4) 125 (43.7)

3–5 x/day 355 (34.8) 227 (31.0) 128 (44.8)

1 x/week 101 (9.9) 73 (10.0) 28 (9.8)

None 17 (1.6) 12 (1.6) 5 (1.7)

Smoking 1021 734 287

Current 139 (13.6) 37 (5.0) 102 (35.5)

Former 33 (3.2) 5 (0.7) 28 (9.8)

None 849 (83.2) 692 (94.3) 157 (54.7)

Alcohol 1021 735 286

1 x/day 21 (2.1) 7 (1.0) 14 (4.9)

1 x/week 148 (14.5) 61 (8.3) 87 (30.4)

1 x/month 292 (28.6) 208 (28.3) 84 (29.4)

None 560 (54.8) 459 (62.4) 101 (35.3)

Physical activity (min/d) 1007 727 280

>60 372 (36.9) 269 (37.0) 103 (36.8)

30–60 134 (13.3) 82 (11.3) 52 (18.6)

<30 120 (11.9) 88 (12.1) 32 (11.4)

None 381 (37.8) 288 (39.6) 93 (33.2)

Family history

CKD 209 (21.3) 171 (24.2) 38 (13.9)

HTN 498 (50.2) 373 (52.1) 125 (45.3)

DM 157 (16.1) 121 (17.2) 36 (13.1)

Patient’s history

CKD 384 (38.1) 313 (43.2) 71 (25.2)

HTN 480 (47.5) 341 (46.8) 139 (49.5)

DM 125 (12.5) 86 (12.0) 39 (13.9)

MI/CVD 253 (25.2) 186 (25.8) 67 (23.8)

Physical examination

BMI (kg/m2)
1005 724 281

27.72± 5.35 27.9± 6.0 27.4± 4.7

<18.5 61 (6.07%) 49 (6.8) 12 (4.3)

18.5–24.9 254 (25.27%) 177 (24.4) 78 (27.8)

25–29.9 369 (36.72%) 257 (35.5) 111 (39.5)

>30 321 (31.94%) 242 (33.4) 79 (28.1)

Blood pressure (mm Hg)

SBP 130.2± 21.3 129.1± 22.2 133.1± 19.3

DBP 83.1± 11.3 82.5± 12.2 85.0± 10.3
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Table 1: Continued.

Overall (n = 1025) Women (n = 737) Men (n = 288)

Laboratory parameters

A/C ratio (mg/g) 20.8± 22.1 20.3± 19.8 22.1± 26.9

eGFR (mL/min/1.73 m2) 84.2± 21.3 79.1± 16.8 97.9± 25.6

Data are a number of screened subjects and percent (%) if not otherwise specified. Values for Age, BMI, SBP, DBP, A/C ratio, and eGFR are mean ± SD.
CKD: chronic kidney disease; HTN: hypertension; DM: diabetes mellitus; MI/CVD: myocardial infarction/cardiovascular disease; BMI: body mass index;
SBP: systolic blood pressure; DBP: diastolic blood pressure; A/C: urinary albumin/creatinine ratio; eGFR: estimated glomerular filtration rate.

Table 2: Prevalence of hypertension and diabetes in the Moldova population aged ≥18 years.

Subjects (n) Hypertension∗ Subjects (n) Diabetes◦

All 991 520 (52.4) 959 155 (16.1)

Age (years)

18–39 41 (7.9) 14 (9.0)

40–59 253 (48.8) 69 (44.5)

≥60 224 (43.2) 72 (45.4)

Women 716 369 (51.5) 695 105 (15.1)

Age (years)

18–39 28 (7.6) 8 (7.6)

40–59 182 (49.4) 45 (42.8)

≥60 158 (42.9) 52 (49.5)

Men 275 151 (54.9) 264 50 (18.9)

Age (years)

18–39 13 (8.6) 6 (12.0)

40–59 71 (47.3) 24 (48.0)

≥60 66 (44.0) 20 (40.0)

Data are a number of screened subjects and percent (%) if not otherwise specified. ∗Hypertension is defined as participants with SBP >140 mm Hg or DBP
>90 mm Hg, or receiving treatment for previously diagnosed hypertension. ◦Diabetes is defined as participants reporting a history of, or currently treated for
diabetes mellitus, or with fasting blood glucose level ≥126 mg/dL.

Table 3: Prevalence of microalbuminuria and decreased GFR.

Subjects ACR∗ Subjects eGFR◦

(n) 30–300 mg/g (n) <60 mL/min/1.73 m2

All 978 166 (16.9) 973 92 (9.4)

Age (years)

18–39 43 (25.9) 5 (2.0)

40–59 68 (40.9) 28 (6.1)

≥60 54 (32.5) 58 (21.9)

Women 702 108 (15.3) 708 78 (11.0)

Age (years)

18–39 31 (28.7) 4 (5.1)

40–59 41 (37.9) 24 (30.7)

≥60 36 (33.3) 50 (64.1)

Men 276 59 (21.3) 265 14 (5.2)

Age (years)

18–39 12 (20.3) 1 (7.1)

40–59 27 (45.7) 4 (28.5)

≥60 18 (30.5) 9 (64.2)

Data are a number of screened subjects and percent (%) if not otherwise specified. ACR: urinary albumin/creatinine ratio. eGFR: estimated glomerular
filtration rate. Microalbuminuria: ACR 30–300 mg/g; decreased GFR: eGFR <60 mL/min/1.73 m2.
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Table 4: Prevalence of microalbuminuria in participants with
hypertension or DM according to age groups and level of renal
function.

ACR (30–300 mg/g)∗

Age (years) 18–39 40–59 ≥60 All ages

Hypertension

eGFR (mL/min/1.73 m2)

<60 1 (1.1) 4 (4.3) 7 (7.4) 12 (12.8)

≥60 8 (0.9) 25 (2.9) 20 (2.3) 53 (6.2)

Diabetes

eGFR (mL/min/1.73 m2)

<60 0 (0.0) 3 (3.2) 4 (4.3) 7 (7.4)

≥60 8 (0.9) 14 (1.6) 17 (2.0) 39 (4.6)

Diabetes + hypertension

eGFR (mL/min/1.73 m2)

<60 0 (0.0) 3 (3.3) 4 (4.3) 7 (7.6)

≥60 2 (0.2) 12 (1.4) 15 (1.7) 29 (3.3)

Data are a number of screened subjects and percent (%) if not otherwise
specified. ACR: urinary albumin/creatinine ratio. eGFR: estimated glomeru-
lar filtration rate. Microalbuminuria: ACR 30–300 mg/dL. ∗Hypertension
is defined as participants with SBP >140 mm Hg or DBP >90 mm Hg,
or receiving treatment for previously diagnosed hypertension. ◦Diabetes
is defined as participants reporting a history of, or currently treated for
diabetes mellitus, or with fasting blood glucose level ≥126 mg/dL.

Democratic Republic of Congo [22]. However this highlights
the generalizability of this approach for case detection in
diverse settings around the world. For example, the same
approach has been adopted by the Prevention of Renal
and Vascular ENd-stage Disease (PREVEND) study, a large
European screening program [23].

About 10% of the subjects in the screened population
had an estimated 10% or higher risk of developing a fatal
or nonfatal CV event in the following 10 years. There
is evidence that the increased cardiovascular risk in CKD
patients does not just coexist with hypertension or DM.
Indeed, an independent and progressive association between
GFR and the risk of CV events and deaths has been found
in a community-based study in more than 1 million adult
subjects in the USA [24]. Similarly, a recent study in more
than 6000 people followed on average 7 years has shown
that the risk of cardiovascular death was increased 46% in
subjects with a mild-to-moderate reduction in GFR, inde-
pendent of conventional risk factors such as hypertension
and diabetes [25]. Evidence is also available that the risk of
mortality is better correlated with proteinuria/albuminuria
than with GFR alone [6, 26–28]. A large population-based
study of more than 1 million people from Alberta, Canada,
demonstrated that the presence of proteinuria was associated
with marked increase in the risk of all-cause mortality and
the risk of kidney failure, independent of GFR and at all levels
of baseline kidney function [29]. The association between
proteinuria and CV mortality independent of hypertension,
DM, and GFR has recently been demonstrated in a meta-
analysis of 22 studies [7] including participants with a
wide age range from around the world. The independent
risk associated with albuminuria for all-cause mortality,

CV mortality, and progression to ESRD was confirmed in
over 1.1 million people with proteinuria identified only by
detection of “trace” or greater on dipstick urinalysis, as
well as in over 100,000 who had an albumin creatinine
ratio (ACR) of 10 mg/g or more [7]. Thus, considering the
high prevalence of microalbuminuria and renal dysfunction
in the present screening in the Republic of Moldova, the
predicted CV risk at 10 years was probably underestimated.
Long term outcome analysis of the present screened cohort
will clarify whether the inclusion of albuminuria and/or
reduced GFR among the variables considered in algorithms
for the prediction of individual CV risk will improve the
performance of current WHO prediction charts.

Evidence is also emerging that CKD and CV diseases
have a major impact on macroeconomic development due
to diminished labor supply related to premature death and
disability in people of working age. According to WHO,
these conditions decrease the potential annual growth rate
in gross domestic product by 1–5% in low-income countries
experiencing a rapid economic growth [30]. Importantly,
data from large trials have consistently shown that offpatent
drugs such ACE inhibitors can reduce albuminuria and
prevent GFR decline and CV events [31]. Thus, prevention
program should identify subjects whose renal abnormalities
can be treated early at low cost, with the primary goal to
reduce CV mortality and morbidity, which, in turn, may
translate into an economical benefit.

Screening the general population for CKD by measuring
albuminuria and/or serum creatinine has been advocated to
identify and treat those at risk for progressive renal disease,
arguing that most persons with albuminuria and/or reduced
GFR are asymptomatic; however, it is so far considered
premature to recommend in both industrialized and low-
and middle-income countries. On the other hand, screening
in people at increased risk of CKD (so called “selective
screening”) such as those with hypertension and/or DM, in
whom early intervention can slow down the deterioration of
renal function, has received more support [32]. Further stud-
ies, however, are warranted before definite recommendations
for general population or selective screening for CKD can
be provided. Difficulties in identifying subjects at increased
risk of CKD in low-income countries should be considered.
Therefore, in this setting, a prescreening phase including
history, blood pressure, and anthropometric values might
allow the identification of patients in whom screening with
blood and urine testing could be most cost effective. There
are also data from low-income countries that a significant
percentage of people younger than 60 years without previous
history of hypertension and diabetes has microalbumin-
uria/proteinuria [21]. Concerns about general population
screenings include not only the cost of the screening itself
but, more importantly, the risk and the cost of treating false
positive subjects with no other modifiable risk factors. Thus,
the first positive test should be always repeated and only
those with confirmed positivity should be treated [33] as was
done with the screening in the Republic of Moldova. When
debating the issue of screening for NCDs, the perspective of
the low- and middle-income countries should be considered
as well as that of the industrialized nations. And, there is not
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a unique blueprint of screening strategy even among low-
income countries, so that the approaches should be adapted
to the conditions and socioeconomic status of each nation
[34].

Our study has some limitations: the study cohort
includes more than double women than men; results from
this screening cannot be taken to infer the absolute or relative
prevalence of hypertension, DM, and renal abnormalities
in the Republic of Moldova, since all subjects were referred
to two centers of the country. However, in consideration
of the limited availability of local resources and relatively
low population of the country, current data seem reasonably
reliable which is supported by the fact that, inline with the
available evidence, the prevalence of microalbuminuria was
higher in subjects with hypertension or DM.

5. Conclusion

We found that hypertension, DM, microalbuminuria, and
impaired kidney function are common within the general
population of the Republic of Moldova. Thus patients with
hypertension or DM should be screened for coexistence of
renal abnormalities. Overall the present data demonstrate
the feasibility of early detection of CKD and associated risk
factors in low-income countries like Moldova. Top priority
for the prevention of NCD including CKD must focus
on effective methods to facilitate physical activity, control
tobacco use, reduce harmful use of alcohol, and promote a
healthy diet. In addition, individual disease-specific health-
care interventions are also required to address those with
hypertension, DM, CKD, or CV disease or at a high risk of
developing these noncommunicable diseases.
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Cardiovascular disease remains a leading cause of death in the United States and the world. In this we will paper focus on type
2 diabetes mellitus as a risk factor for coronary heart disease, review the mechanisms of atherogenesis in diabetics, the impact
of hypertension and the treatment goals in diabetics, the guidelines for screening, and review the epidemiologic consequences of
diabetes and heart disease on a global scale. The underlying premise to consider diabetes a cardiovascular disease equivalent will
be explored as well as the recommendations for screening and cardiac testing for asymptomatic diabetic patients.

1. Introduction

Cardiovascular disease is currently responsible for 30% of all
deaths worldwide with most of the burden now occurring in
developing countries [1]. After a peak around 1968, death
from coronary heart disease (CHD) has declined signifi-
cantly in the United States [2]. Based on a statistical mortality
model previously validated in Europe, New Zealand, and
China [3–6], Ford et al. estimated that 47% of the decrease
in mortality from coronary heart disease in the United States
between 1980 and 2000 was attributed to advances in medical
therapies including treatment of acute coronary syndromes
and heart failure. Approximately 44% of the reduction was
secondary to a decline in cardiovascular risk factors including
hypercholesterolemia, hypertension, smoking, and physical
inactivity. This improvement was partially counterweighted
by an increase in the prevalence of diabetes and body mass
index [7]. In contrast to the United States, the cardiovascular
disease epidemic continues to rapidly evolve on a global
level and is currently responsible for twice as many death
in developing compared to developed countries [1]. In low-
and middle-income countries, cardiovascular risk factors

especially smoking and obesity continue to increase in
prevalence and affect a larger proportion of younger patients
[8]. Cardiovascular mortality has been reported 1.5 to 2
times higher among the working population in India, South
Africa, and Brazil compared to the United States [8].

Diabetes mellitus is associated with an increased risk
of cardiovascular death and a higher incidence of cardio-
vascular diseases including coronary artery diseases (CAD),
congestive heart failure (CHF) [9], and atrial fibrillation
[10]. The mechanisms underlying the association between
glucose homeostasis and each of myocardial dysfunction
and atrial fibrillation remain mostly speculative. In contrast
the relationship between abnormal glucose homeostasis and
coronary artery disease has been the center of extensive
basic science, epidemiological, and therapeutic research
studies.

In this paper we will focus on type 2 diabetes mellitus as a
risk factor for CAD, review the mechanisms of atherogenesis
in diabetes, the impact of hypertension on the treatment
goals in diabetes, the guidelines for CAD screening, and
review the epidemiologic consequences of diabetes and heart
disease on a global scale.
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2. Prevalence of Cardiac Disease
among Diabetics

Diabetes mellitus has been well described as a cardiovascular
risk factor in developed countries. In the Framingham study,
the incidence of cardiovascular disease among diabetic men
was twice that among nondiabetic men, and similarly was
three times more elevated in diabetic women compared to
nondiabetic women [11]. In the Copenhagen City heart
Study, the relative risk of incident myocardial infarction was
2 to 3 fold increased in diabetics compared to nondiabetics,
independent of the presence of other known cardiovascular
risk factors (such as hypertension) [12]. In a recent meta-
analysis by Berry et al. reviewing the lifetime risks of
cardiovascular disease, 18 studies involving 257,384 men
and women were reviewed. Patients were stratified by blood
pressure, cholesterol level, smoking status, and diabetes
status and by age group as well as gender and race. Significant
differences were noted in the lifetime risk of cardiovascular
disease, with substantially lower risk of fatal and nonfatal
cardiovascular disease among participants with no risk
factors. The trend was observed in both genders, across all
age groups as well as among all races [13]. Furthermore
the differential impact of diabetes on coronary artery disease
mortality in men and women has been the subject of multiple
studies; Lee et al. reported the relative risk of coronary heart
disease mortality to be 2.5 in women, compared to 1.85 in
men [14]. Even modest elevations in blood glucose, without
a diagnosis of diabetes, have been linked to increased risk
for development of CAD independent of other recognized
risk factors when reviewed in a population of predominantly
male, nondiabetic veterans [15].

2.1. Diabetes in the Developing Countries. Our current
knowledge about the epidemiology of diabetes mellitus and
its association with cardiovascular disease is mainly derived
from studies done in populations of European origin. There
is however increasing data available from other ethnic groups
and emerging countries suggesting a substantial contribution
of diabetes to the worldwide epidemics of cardiovascular
disease. King et al. used a global database from the World
Health Organization in addition to demographic projections
from the United Nations to generate numerical estimates
for the prevalence of diabetes in all countries of the world.
The authors reported that the prevalence of diabetes mellitus
is lower in developing than in developed countries and
estimated that it will remain so in 2025. On the other hand,
62% of the diabetic patients worldwide resided in emergent
nations in 1995 and this proportion is estimated to reach
75% by 2025 [16]. The INTERHEART study was a case-
control study including patients from 52 different countries
representing all inhabited continents. It was designed to
assess if the association between acute myocardial infarction
and various risk factors including diabetes mellitus varies by
geographic region, ethnic origin, sex, or age. Diabetes was
one of 9 risk factors that were significantly related to acute
myocardial infarction in all age groups, genders and regions
of the world. After adjustment for all other risk factors,
the population attributable risk for diabetes alone was 9.9%

in the overall study population. Despite variations across
different subpopulations in the prevalence for diabetes, the
odds ratio for this risk factor was qualitatively similar in all
regions of the world and all ethnic groups [17].

3. Pathogenesis of CAD in Diabetes

There is a consensus in the literature about an increased
prevalence of coronary plaques in diabetic hearts, with such
plaques bearing a higher propensity for rupture. In a study by
Silva et al., the coronary angiography and angioscopy find-
ings of 55 consecutive patients admitted with unstable angina
(31% of which were diabetic) were reviewed. The plaque
was ulcerated in 94% of the diabetic patients, versus in only
60% of the nondiabetic patients, and thrombi were found in
94% of diabetic patients versus 55% of nondiabetics [18].
Similarly, in a postmortem study of coronary atherectomy
specimens from 47 diabetic and 48 non diabetic patients,
Moreno et al. noted a larger lipid content and increased
macrophage infiltration and thrombosis in the atheromas
of diabetic patients [19]. Multiple mechanisms appear to
be involved, including endothelial dysfunction, hypercoag-
ulability, and platelet dysfunction [20], with hyperglycemia
being the common trigger.

Hyperglycemia results in multiple biochemical changes,
a few of which we will list: an increase in the reduction
of nicotinamide adenine dinucleotide (NAD+) to NADH
is thought but not proven yet to be a cellular oxida-
tive stressor; an increase in the production of uridine
diphosphate (UDP) N-acetyl glucosamine is thought to
alter cellular enzymatic function. Very importantly, the
glycosylation of proteins in the arterial wall is thought to
contribute to diabetic atherosclerosis. The nonenzymatic
reaction between glucose and arterial wall proteins results
in the formation of advanced glycation end products
(AGE), process that is enhanced in hyperglycemia. AGEs are
thought to directly interfere with endothelial cell function
and accelerate atherosclerosis. Additionally, hyperglycemia
increases the formation of reactive oxygen species (ROS);
these ROS inhibit endothelial production of nitric oxide, a
potent vasodilator and regulator of platelet activation [21].
Furthermore, those ROS prevent the migration of vascular
smooth muscle cells into the intimal plaques, a step necessary
to the stabilization of coronary plaques. Such plaques then
carry an increased risk of rupture, as is known of diabetic
coronary plaques [22].

In the event of a plaque rupture, the increased thrombo-
genesis and platelet dysfunction present in diabetes worsen
the clinical consequences of plaque rupture. Circulating
glucose molecules freely enter platelets, raising intracellular
glucose concentration and leading to activation of protein
kinase C, decrease platelet derived NO, and increased
expression of glycoprotein Ib (GpIb), a platelet aggregation
mediator [20]. This might further explain the enhanced
thrombosis in diabetics. In an elegant experimental design,
Shechter et al. were able to demonstrate the role of glucose as
an independent predictor of platelet dependent thrombosis
[23]. Furthermore, insulin has been found to increase
serum concentrations of Plasminogen Activator Inhibitor
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type I (PAI-1) [24] which has been shown to correlate with
impaired fibrinolysis [25].

4. Hypertension in Diabetes

Hypertension is often found at the time of diagnosis of type
2 diabetes even in the absence of microalbuminuria [26].
It is postulated that hyperinsulinemia, arterial stiffness as
well as extracellular fluid volume expansion all play a role.
Indeed hyperinsulinemia is linked to weight gain, as well
as increased sympathetic activation [27]. Additionally, when
hyperglycemia is mild, it results in increased glucose filtra-
tion and subsequent reabsorption at the glomerulus, driving
sodium reabsorption with it and causing extracellular fluid
volume expansion.

Treatment of hypertension in diabetes is essential to
prevent development of renal disease, retinopathy as well
as cardiovascular disease. In the UKPDS trial that looked
at patients with type 2 diabetes, achieving lower blood
pressure with captopril or atenolol versus placebo resulted
in a 24% reduction in diabetes-related end points including
microvascular disease, diabetes related deaths, stroke, as well
as retinopathy. The achieved blood pressure in the treatment
arm was 144/82 mm Hg, compared to 154/87 mm Hg; these
benefits required continued control of blood pressure.
Indeed upon eight years of followup, the greater reduction
of blood pressure that was achieved in the treatment arm
disappeared and the reduction in clinical end points was not
sustained [28].

In the ADVANCE trial, the effect of intensive blood
pressure control on cardiovascular disease in patients with
long standing type 2 diabetes at high risk for vascular disease
was studied. A combination of perindopril-indapamide was
compared to placebo. After more than four years of treat-
ment, a lower rate of major macrovascular and microvascular
events as well as a lower risk of cardiovascular mortality were
noted. The mean blood pressure achieved in the treatment
arm was 134.5/74 mm Hg, compared to 140/76 mm Hg in the
placebo arm [29].

Major guidelines therefore recommend a goal blood
pressure of less than 130/80 in diabetic patients [30–32].
The benefits of lower blood pressure goal have not been
established. In the blood pressure arm of the ACCORD
trial, patients with type 2 diabetes and cardiovascular disease
(or two additional risk factors for cardiovascular disease)
were randomly assigned to either intensive therapy (goal
systolic blood pressure less than 120 mm Hg) or standard
therapy (goal systolic blood pressure less than 140 mm Hg).
The goals were reached with a mean systolic blood pressure
of 119.3 mm Hg in the intensive arm and 133.5 mm Hg in
the standard arm. After 4.7 years, there was no difference
in the annual rate of the primary composite outcome of
nonfatal myocardial infarction, nonfatal stroke, or death
from cardiovascular causes between groups. There was no
difference in the annual all-cause mortality or death from
cardiovascular disease. The annual rates of total and nonfatal
stroke was significantly lower in the intensive treatment arm,
but serious adverse events attributable to antihypertensive
drugs occurred more significantly in the intensive group.

Therefore there is no recommendation to achieve a systolic
blood pressure of less than 120 mm Hg [33]. Similar results
were noted in the SANDS trial which looked at progression
of atherosclerosis and left ventricular hypertrophy as well as
clinical cardiovascular events in American Indian patients
with type 2 diabetes treated to a goal blood pressure of
either less than 120/75 mm Hg or less than 115/70 mm Hg.
Tight blood pressure control resulted in reduction in the
progression of atherosclerosis and left ventricular mass index
but no decline in clinical cardiovascular outcomes. More
adverse events related to antihypertensive drugs were noted
in the intensive therapy arm [34].

4.1. Diabetes as a Cardiovascular Disease (CVD) Equivalent
and a Poor Prognostic Factor in Acute Coronary Syndromes.
Most guideline documents recommend treating cardiovas-
cular risk factors in diabetic patients as aggressively as in
patients with established coronary artery disease. In 2002, the
National Cholesterol Education Program report designated
diabetes as a coronary heart disease equivalent. The report
explained that a more intensive prevention strategy is
justified in diabetic patients because of their high risk of
new CAD within 10 years, and because of the high death
rate observed in diabetics who experience a MI [35]. In the
following section we will briefly highlight and discuss the
evidence behind these 2 observations.

Diabetic patients have twice the risk of myocardial
infarction (MI) and stroke of that of the general population
[36]. In their cross-sectional study, Haffner et al. identified
individuals between age 45 and 64 from the Finnish Social
Institution’s register and compared the outcomes of type 2
diabetic patients with those of nondiabetic control subjects.
During a seven-year followup and after adjustment for
other cardiovascular risk factors, the risk of myocardial
infarction and the mortality from coronary heart disease
were similar in diabetics without prior myocardial infarction
and nondiabetics with prior myocardial infarction [37]. This
observation, derived from a group of middle-aged and older
individuals, has been integrated into clinical practice and
served as a premise to consider diabetes a CVD equivalent.
Nonetheless, age remains an important factor to take into
account when assessing the risk of diabetic patients. In a
large population-based retrospective cohort study, Booth
et al. reported that diabetes seems to account for a risk
equivalent to ageing 15 years. However, younger diabetics
(age 40 or younger) do not appear to be at high risk of
CVD [38]. A number of comprehensive risk assessment tools
taking into account patients’ age and risk factors profile
are recognized by major scientific societies and have been
validated in numerous clinical trials. Such tools are available
online and include the Framingham risk calculator [39],
the UK Prospective Diabetes Study risk engine [40] and the
ADA’s Diabetes Personal Health Decisions [41].

Diabetic patients are also known to have worse outcomes
after an acute coronary syndrome when compared with the
general population. Diabetes was an independent mortality
risk factor in patients receiving thrombolytic therapy for
ST elevation MI in both the GUSTO-I [42] and GISSI-2
trials [43]. Insulin treated patients had the worse outcomes
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in both trials and diabetes carried a higher adverse impact
in women compared to men in the GISSI-2 trial. Newly
diagnosed diabetes mellitus at time of presentation with
an acute MI was also associated with poorer long-term
outcomes in the VALIANT trial [44]. Data from a meta-
analysis of 19 trials comparing primary PCI and fibrinolysis
in ST elevation MI showed that diabetic patients had a
higher mortality reduction with PCI but continued to have
worse outcomes than nondiabetics [45]. Similar observations
from the VALIANT trial [44] and the OASIS registry [46]
demonstrated that diabetics presenting with a non ST
elevation MI (NSTEMI) or unstable angina had worse long-
term outcomes compared to nondiabetics. OASIS showed
one more time a more ominous impact of diabetes on female
patients compared to their male counterparts.

4.2. Cardiac Testing in Asymptomatic Patients with Diabetes
Mellitus. In addition to the higher incidence of clinically
significant cardiovascular events, type 2 diabetes is also
associated with a higher rate of subclinical CAD. Non-
hemodynamically significant coronary lesions can remain
latent before resulting in myocardial ischemia. More impor-
tantly diabetic autonomic neuropathy can impair ischemia
awareness and has been associated with an increased risk
of cardiovascular mortality [47]. Noninvasive computed
tomography (using coronary artery calcium (CAC) scoring
or angiography) is now capable of detecting asymptomatic
CAD even before the onset of silent ischemic electrocar-
diographic changes and coronary perfusion defects during
stress testing. In a prospective study of 510 asymptomatic
patients with uncomplicated type 2 diabetes, significant CAC
(a reliable marker of atherosclerosis) was seen in 46.3% of the
patients. The extent of CAC was a strong predictor of silent
ischemia by radionuclide myocardial perfusion imaging and
short-term cardiovascular events [48]. The DIAD trial ran-
domized 1123 asymptomatic type 2 diabetics to adenosine
stress radionuclide myocardial perfusion imaging or no
screening. Stress imaging identified silent ischemia in 22%
of the screened patients [49]. A retrospective observational
study of 1899 asymptomatic patients with type 2 diabetes
showed that stratifying the patients according to the number
of additional CVD risk factors they have did not affect their
likelihood of having an abnormal myocardial perfusion test
and significant coronary artery disease. However patients
with 2 or more additional risk factors had a higher likelihood
of having more severe CAD with unfavorable angiographic
anatomy not amenable to complete percutaneous or surgical
revascularization [50].

Based on the above findings, clinicians might feel
compelled to screen asymptomatic diabetics in an attempt
to detect early stages of CAD and implement appropriate
therapies. Such an enthusiasm should be tempered by the
fact that intensive medical therapy is indicated for all
diabetic patients at high risk for CVD which makes screening
results unlikely to change management. In addition diag-
nostic testing can be expensive and can potentially lead
to unnecessary procedures and complications. Furthermore
the hypothesis that asymptomatic diabetic patients benefit
from revascularization remains unproven. The BARI 2D trial

randomized 2368 patients with both type 2 diabetes and
stable CAD (defined as ≥50% stenosis of a major epicardial
coronary artery associated with a positive stess test or ≥70%
stenosis of a major epicardial coronary artery and classic
angina) to receive prompt revascularization with intensive
medical therapy or intensive medical therapy alone. There
was no significant difference in death or serious adverse
cardiovascular events between both groups [51]. Additional
data supporting the futility of screening asymptomatic
patients came from the DIAD trial where no significant
difference in cardiac death or nonfatal MI was seen between
the screening and no-screening groups at a mean followup of
4.8 years [52].

Major society guidelines have made the following rec-
ommendations about screening for asymptomatic CAD in
diabetic patients.

(i) The 2002 ACC/AHA guidelines update for exercise
testing stated that asymptomatic diabetic patients
have an increased likelihood of CVD if they have
at least one of the following factors: age older than
35, type 2 diabetes greater than 10 years’ duration,
any additional atherosclerotic risk factor for CAD,
presence of microvascular disease, peripheral vascu-
lar disease or autonomic neuropathy. The guidelines
recommend exercise testing if an individual meeting
the above criteria is planning to begin a moderate- to
high-intensity exercise (class IIa; level of evidence: C)
[53].

(ii) The 2010 ACCF/AHA guidelines for assessment of
cardiovascular risk in asymptomatic adults give a
class IIa recommendation for measurement of CAC
for cardiovascular risk assessment in asymptomatic
adults with diabetes who are 40 years of age and older
(level of evidence: B). The authors acknowledge that
there is no evidence supporting that this imaging test
is useful in motivating patients to better adhere to
primary prevention measures. The same guidelines
give a weak class IIb (level of evidence: C) recommen-
dation to consider stress MPI for advanced cardio-
vascular risk assessment in asymptomatic adults with
diabetes or in patients who have a CAC score of 400
or greater [54].

(iii) In a recent 2012 position statement on standards
of medical care in diabetes, the American Diabetes
Association (ADA) does not recommend screening
for CAD in asymptomatic patients because it does
not improve outcomes as long as CVD risk factors
are treated (level of evidence: A). The guidelines
acknowledge that newer noninvasive CT modalities
can identify asymptomatic diabetic patients with a
higher CAD burden and a higher risk of future
cardiac events. However they consider that the role of
these tests beyond risk stratification is unclear with a
controversial balance of benefit, cost, and risks [55].

4.3. Epidemiologic Consequences of Diabetes and Heart Disease
on a Global Scale. The number of people with diabetes is
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increasing due to population growth, aging, urbanization,
and increasing prevalence of obesity and physical inactivity
[16, 56, 57]. Quantifying the prevalence of diabetes and
the number of people affected by diabetes, now and in the
future, is important to allow rational planning and allocation
of resources. The prevalence of diabetes for all age-groups
worldwide was found to be 2.8% in 2000, 6.4% in 2010,
and (estimated to be) 7.7% in 2030! The total number of
people with diabetes is projected to rise from 171 million in
2000, to 285 million in 2010 to 440 million in 2030 [58].
The prevalence of diabetes is higher in men than women,
but there are more women with diabetes than men. The
urban population in developing countries is projected to
double between 2000 and 2030. Between 2010 and 2030,
there will be a 69% increase in numbers of adults with
diabetes in developing countries and a 20% increase in
developed countries [58]. The public health epidemic of
diabetes will certainly affect the growth of these emerging
economies. As the prevalence of diabetes increases so will
the need for healthcare services (primary, secondary, and
tertiary) in these developing countries. Unfortunately, data
about the use of effective secondary prevention medications
in patients with known cardiovascular disease reflects the
importance of this challenge. The Prospective Urban Rural
Epidemiological (PURE) study which enrolled between 2003
and 2009 patients with cardiovascular disease from 17
countries with variable levels of income showed that the use
of appropriate drugs (antiplatelet drugs, ACE inhibitors or
ARBs, or statins) was universally low and decreased in line
with reduction of country economic level. The percentage
of patients receiving no drugs was 11.2% in high-income
countries, 45.1% in upper middle-income countries, 69.3%
in lower middle-income countries, and 80.2% in low-income
countries [59]. Moreover access to cardiac revascularization
including cardiac surgery and catheter-based techniques
remains disproportionate in different parts of the world
even within Europe and North America [60]. This has
led major scientific societies to develop appropriateness
and necessity criteria that can guide decision-making and
identify the overuse and underuse of revascularization
procedures. Historically, coronary artery bypass grafting
(CABG) is the established method of revascularization in
patients with diabetes and multivessel coronary disease, but
with advances in percutaneous coronary intervention (PCI),
there is uncertainty whether CABG remains the preferred
method of revascularization. Kapur et al. studied a total of
510 diabetic patients with multivessel or complex single-
vessel coronary disease from 24 centers and randomized
the patients to PCI plus stenting (and routine abciximab)
or CABG [61]. The primary outcome was a composite of
all-cause mortality, myocardial infarction (MI), and stroke,
and the main secondary outcome included the addition of
repeat revascularization to the primary outcome events. At
1 year of followup, the composite rate of death, MI, and
stroke was 10.5% in the CABG group and 13.0% in the
PCI group (hazard ratio (HR): 1.25, 95% confidence interval
(CI): 0.75 to 2.09; P = 0.39), all-cause mortality rates were
3.2% and 3.2%, and the rates of death, MI, stroke, or repeat
revascularization were 11.3% and 19.3% (HR: 1.77, 95%

CI: 1.11 to 2.82; P = 0.02), respectively [46]. Regardless
of the revascularization approach (PCI versus CABG), the
overall increase in prevalence will lead to an increased
demand of (tertiary) services for patients who suffer from
diabetes and its most fatal complication (cardiovascular
disease). The result will be an increased burden on the
emerging economies of these developing countries.

5. Conclusion

Diabetes mellitus is associated with an increased risk of car-
diovascular death and a higher incidence of cardiovascular
diseases including coronary artery disease. The substantial
rise in prevalence of diabetes will ultimately lead to a huge
increase in the demand for primary, secondary, and tertiary
healthcare services globally. The need for appropriate screen-
ing and cardiac testing is crucial to help better manage the
end result (cardiovascular disease) of this global epidemic.
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Diabetes and hypertension are major independent risk factors for cardiovascular and renal diseases; however, prevalence and
characteristics of the coexistence in general population is not clear. Data from Thai National Health Examination Survey III were
used to estimate the prevalence of coexistence of diabetes and hypertension, and to estimate the proportion of awareness, treatment
and control of both conditions. A total of 36,877 (male 17,614 and female 19,263) participants were included in the study. The
prevalence of people with diabetes and hypertension was 3.2% (male 2.8% and female 3.6%). Approximately half of the diabetes
patients (49.0%, 95%CI 45.6, 52.5) had hypertension, and 14.4% (95%CI 13.0, 16.0) of hypertensive patients had diabetes. After
controlling for covariates, factors associated with coexistence of diabetes and hypertension included; age ≥60 years (adjust odds
ratio 1.38, 95%CI 1.14, 1.73), having education less than 6 years (1.83, 95%CI 1.03, 3.38) and abdominal obesity (2.49, 95%CI
2.00, 3.10). More than 80% were unaware of having both conditions. Target for control of both glucose and blood pressure among
those treated was achieved in only 6.2%. In conclusion, patients with diabetes or hypertension should be promoted to have weight
control and screening for the comorbidity.

1. Introduction

At present, diabetes and hypertension are among the most
common noncommunicable chronic diseases in developed
and developing countries around the world [1]. In Thailand,
burden of diseases defined as total disability-adjusted life
year (DALY) loss attributed to diabetes was 1.7 million years
(3.1%) in men and 2.7 million years (6.4%) in women,
and to hypertension was 5.5% each in both men and
women [2]. Hypertension is commonly found in patients
with diabetes and vice versa. People with coexisting diabetes
and hypertension are at increased risk of atherosclerosis,
retinopathy, renal failure and nontraumatic amputations,
and cardiovascular diseases [3, 4]. These conditions not
only result in high burden to the patients and family, but
also impose a high national health care cost worldwide.
In Thailand, the 2004 National Health Examination survey

(NHES III) reported the prevalence of 6.8% and 21.0% for
diabetes and hypertension, respectively, in Thai population
aged ≥15 years [1, 5]. These studies also revealed that
more than half of individuals with the each condition were
unaware of the condition. Furthermore, the percentages
of the patients who were treated and controlled to target
levels were substantially low. Although there has been certain
information on proportions of patients with both conditions
[1], the characteristics of individuals with the coexistence of
both conditions have not been clearly identified. Moreover,
knowing factors associated with the conditions should be
useful for health service and public health action in term
management and prevention. The present study aimed to
determine the prevalence of coexistence of diabetes and
hypertension and the proportions of awareness, treatment,
and control of the coexistence of both conditions in Thai
population by using data from the NHES III.
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2. Methods

2.1. Study Population. The sampling method and data collec-
tion procedures of NHES III were described elsewhere [5, 6].
Briefly, the national health examination survey is a multistage
probability sampling of Thai population aged≥15 years. The
sampling unit in each of the four stages of selection included:
(1) three provinces in each of the 12 public health regions;
(2) nine electoral units (EUs) or villages from urban and
rural areas, respectively; and (3) 15 individuals from each
EU or village. The final sample size was targeted at 42,120
individuals and the final complete data used for analysis of
this study was 36,877 individuals (male 17,614 and female
19,263) aged ≥15 years.

2.2. Data Collection. Data on demographic characteristics,
lifestyle behavior, history of diabetes and hypertension,
and management were interviewed by trained interviewers.
Blood pressure was measured by trained field staff according
to standard protocol [7]. Three serial measurements of
blood pressure, taken 1 minute apart, were obtained using
a mercury sphygmomanometer with subjects in the sitting
position after 5 min of rest. Weight, height, and waist
circumference (WC) were measured by trained field staff
using standard procedures and equipment according to the
World Health Organization guideline [8]. Subjects wore light
clothing but without shoes while their height and weight
were measured. WC was measured at a level midway between
lower rib margin and iliac crest with a measuring tape on a
horizontal plane around the body [8].

Venous blood samples were obtained in the morning
after the participants had fasted overnight. Fasting plasma
glucose (FPG) was tested using hexokinase enzyme method.
Serum cholesterol was measured suing enzymatic methods.
The laboratory centers were a standardized central labora-
tory at the Ministry of Public Health.

2.3. Definitions. Blood pressure was the average of two
serial blood-pressure measurements with lowest variability
in pulse pressure. Hypertension was defined as a systolic
(SBP) ≥ 140 mmHg or a diastolic blood pressure (DBP)
≥ 90 mmHg or on medication with blood-lowering agents
during the past 2 weeks [7]. Diabetes was defined as FPG
≥ 7.0 mmol/L (≥126 mg/dL) or previous diagnosis and on
treatment of diabetes using antiglycemic agents or insulin
during the past 2 weeks [1, 9]. Diagnosed diabetes was
defined as those who were diagnosed by medical doctors
and were on treatment with antiglycemic drugs in the past 2
weeks. Individuals reported on receiving antiglycemic drugs
in the past two weeks were considered as on treatment.
Individuals on diabetes treatment were considered as being
controlled if their FPG was less than 130 mg/dL [10]. Control
target of blood pressure was set at SBP< 140 mmHg and DBP
< 90 mmHg for hypertensive individuals without diabetes,
and SBP < 130 mmHg and DBP < 90 mmHg for those with
coexistence of hypertension and diabetes [9]. Asian criteria
for obesity was used at cut-off point of BMI ≥ 25 kg/m2 and
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Figure 1: Prevalence of diabetes, hypertension, and coexistence of
both conditions in Thai population aged ≥15 years by age group.

abdominal obesity was defined as WC ≥ 90 cm. for male and
≥80 cm for female [11].

2.4. Statistical Methods. All the analyses were weighted
against the registered 2004 Thai population by public health
administration area, urban/rural areas, sex, and 5-year age
groups. The analysis was accounted for the complex survey
design using “svy” command in Stata software version 10.
Subjects were categorized into 4 groups: no diabetes or
hypertension, diabetes only, hypertension only, and those
with coexistence of diabetes and hypertension. Mean values
and 95% confidence interval (CI) for continuous variables
were calculated. Prevalence of diabetes, hypertension alone,
and the coexistence as well as awareness and treatment of
those having the conditions were calculated. The proportion
of the controlled was calculated among those who were
treated. Multivariable logistic regression was used to examine
the association of several independent variables including
age, sex, urban/rural and educational level, obesity (BMI ≥
25 kg/m2), and abdominal obesity with the coexistence of
diabetes and hypertension.

3. Results

The prevalence of diabetes alone, hypertension alone, and
the coexistence of both was 3.3% (95%CI 2.8, 4.0), 19.1%
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Table 1: Characteristics of participants with diabetes, hypertension and coexistence of both conditions in Thai population aged ≥15 years,
2004.

No DM and no HT
(n = 20,906)

DM only
(n = 1,715)

HT only
(n = 11,708)

DM and HT
(n = 2,548)

P value

Male n = 9,867 n = 724 n = 5,923 n = 1,100

Age (yr) 35.7 (35.3, 36.2) 45.3 (42.5, 48.1) 48.3 (47.1, 49.4) 54.9 (52.9, 57.0) <0.01

BMI (kg/m2) 22.1 (21.9, 22.3) 23.3 (22.4, 24.2) 24.2 (23.8, 24.7) 27.0 (25.5, 28.5) <0.01

Waist (cm) 77.2 (76.6, 77.7) 81.8 (80.3, 83.4) 82.9 (81.8, 84.1) 90.9 (87.0, 94.8) <0.01

FPG (mg/dL) 89.2 (88.2, 90.2) 170.9 (165.9, 175.9) 91.4 (90.1, 92.7) 185.1 (173.5, 196.6) <0.01

SBP (mmHg) 114.0 (113.5, 114.6) 115.6 (113.9, 117.4) 137.8 (136.3, 139.4) 139.0 (137.3, 140.8) <0.01

TC (mg/dL) 185.8 (183.5, 188.2) 194.4 (178.9, 209.8) 198.0 (194.1, 201.8) 201.9 (181.1, 222.8) <0.01

TC ≥ 240 (%) 11.6 (10.4, 12.9) 20.1 (15.5, 25.5) 18.5 (15.5, 22.0) 38.0 (31.3, 45.0) <0.01

BMI ≥ 25 (%) 17.9 (16.2, 19.7) 30.5 (23.6, 38.4) 36.6 (32.7, 40.6) 57.2 (47.2, 66.7) <0.01

Abdominal obesity (%) 11.0 (9.8, 12.3) 24.9 (19.2, 31.6) 26.6 (23.3, 30.2) 50.4 (39.8, 61.0) <0.01

Female n = 11,039 n = 991 n = 5,785 n = 1,448 <0.01

Age (yr) 36.1 (35.6, 36.6) 49.1 (47.1, 51.2) 53.9 (53.0, 54.8) 56.6 (55.4, 57.9) <0.01

BMI (kg/m2) 23.3 (23.1, 23.4) 25.2 (24.3, 26.2) 25.6 (25.1, 26.3) 29.4 (28.3, 30.5) <0.01

Waist (cm) 75.2 (74.6, 75.8) 81.7 (79.2, 84.2) 80.7 (79.4, 82.0) 90.7 (88.7, 92.6) <0.01

FPG (mg/dL) 86.6 (85.6, 87.5) 181.7 (168.5, 194.9) 88.8 (87.6, 89.9) 172.8 (163.4, 182.2) <0.01

SBP (mm Hg) 110.9 (110.3, 111.5) 113.5 (112.1, 115.0) 136.6 (135.0, 138.1) 144.9 (143.3, 146.5) <0.01

TC (mg/dL) 194.6 (192.2, 197.0) 195.1 (176.6, 213.5) 203.9 (198.8, 209.0) 221.1 (213.0, 229.2) <0.01

TC ≥ 240 (%) 14.2 (12.9, 15.6) 27.8 (19.0, 38.6) 21.0 (18.2, 24.1) 42.2 (38.96, 45.5) <0.01

BMI ≥ 25 (%) 30.1 (28.6, 31.7) 45.08 (37.4, 53.0) 52.2 (47.0, 57.2) 63.6 (56.7, 69.9) <0.01

Abdominal obesity (%) 31.0 (29.0, 33.0) 51.1 (43.3, 58.9) 51.4 (46.6, 56.2) 84.3 (81.0, 84.3) <0.01

Data were mean and percent (%) as specified; DM: diabetes; HT: hypertension; BMI: body mass index; FPG: fasting plasma glucose; SBP: systolic blood
pressure; TC: total cholesterol; Abdominal obesity, waist circumference ≥90 cm in men and ≥80 cm in women.

(17.6, 20.6), and 3.2% (2.9, 3.6), respectively. The prevalence
of the coexistence was higher in women (3.6%, 95%CI 3.2,
4.0) than in men (2.8%, 95%CI 2.4, 3.3) (P < 0.05).
Approximately half of the patients with diabetes (49.0%,
95%CI 45.6, 52.5) had hypertension, while 14.4% (95%CI
13.0, 16.0) of hypertensive individuals had diabetes.

Subjects with the coexistence were older, having higher
BMI, larger waist circumference, higher systolic blood pres-
sure, and higher level of blood total cholesterol compared
to those having diabetes alone or hypertension alone. The
proportion of participants with high cholesterol (TC ≥
240 mg/dL) was also highest in those with the coexistence,
followed by those with diabetes. People with the coexistence
also had highest rates of obesity, followed by those having
hypertension alone (Table 1). The prevalence of the coexis-
tence was significantly higher in those with BMI ≥ 25 kg/m2

than in those with BMI < 25 kg/m2 (6.2% versus 2.0%, resp.,
P < 0.01) as well as higher in those with abdominal obesity
than in those without (7.7% versus 1.6%, resp., P < 0.01).

Figure 1 shows the prevalence of diabetes alone, hyper-
tension alone and the coexistence of both conditions by
age groups. The age-specific prevalence of individuals hav-
ing either conditions or both conditions increased as age
increased and peaked at age 80 and over. Prevalence of
coexistence of both conditions was highest in the group 60–
69 years (8.6% in men and 11.3% in women).

3.1. Urban/Rural and Geographic Difference. The prevalence
of the coexistence of both conditions was significantly higher
in urban men than rural men (3.9 versus 2.4%, P < 0.05) but
not significantly different between urban and rural women
(3.9 versus 3.5%P > 0.05). People in Bangkok had the
highest prevalence of the coexistence for both men and
women, followed by men in central region and women in the
northeastern region (Table 2).

3.2. Awareness, Treatment, and Control. Table 3 shows the
proportion of awareness diabetes, treatment, and control
of fasting plasma glucose, high blood pressure, or both
among individuals with coexistence of both conditions.
Approximately half of the people with the coexistence were
unaware of either one condition and 85% of them were
unaware of having both conditions. More people were not
treated for hypertension compared to treatment for diabetes.
Less than 20% of the individuals were controlled for each
condition, and only 6.2% of those with both conditions and
treated had their blood glucose and blood pressure under
control (Table 3).

3.3. Factors Associated with Comorbidity of Diabetes and
Hypertension. Table 4 shows factors that were associated
with the coexistence compared to those with having either
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Table 2: Prevalence (95%CI) of diabetes, hypertension and coexistence of both conditions by area of residence and region in Thai population
aged ≥15 years.

DM only
% (95%CI)

HT only
% (95%CI)

Coexistence of both
% (95%CI)

Male

Urban 3.8 (3.1, 4.7) 22.8 (20.6, 25.2) 3.9 (3.4, 4.5)

Rural 2.8 (2.1, 3.9) 20.2 (18.1, 22.6) 2.4 (1.9, 3.0)

Region

Central 2.8 (2.3, 3.6) 22.2 (19. 5, 25.3) 3.2 (2.7, 3.8)

Northeastern 3.7 (2.3, 5.1) 18.6 (14.9, 23.0) 2.6 (1.7, 3.8)

North 2.4 (1.8, 3.3) 25.1 (21.2, 29.4) 2.6 (2.0, 3.4)

South 2.4 (1.4, 4.3) 17.9 (15.6, 20.5) 2.2 (1.6, 3.0)

Bangkok 4.3 (3.1, 5.8) 17.5 (14.3, 21.1) 5.2 (3.8, 7.0)

Female

Urban 3.4 (2.9, 4.0) 18.0 (16.5, 19.6) 3.9 (3.5, 4.3)

Rural 3.6 (3.0, 4.5) 17.2 (15.8, 18.7) 3.5 (3.1, 4.0)

Region

Central 3.2 (2.5, 4.1) 19.2 (17.3, 21.3) 3.4 (3.0, 4.0)

North eastern 4.5 (3.3, 6.1) 16.0 (13.8, 18.4) 3.9 (3.1, 4.8)

North 3.0 (2.4, 3.7) 19.2 (16.1, 22.6) 3.6 (2.9, 4.4)

South 2.9 (2.3, 3.7) 15.0 (13.3, 16.8) 3.0 (2.2, 4.1)

Bangkok 3.9 (2.6, 5.9) 14.6 (12.9, 16.5) 4.4 (3.6, 5.4)

Table 3: Proportion of awareness, treated, and controlled of those having diabetes, hypertension, and coexistence of both conditions in Thai
population aged ≥15 years.

Male
% (95%CI)

Female
% (95%CI)

Total
% (95%CI)

Diabetes only

Aware 43.3 (37.1, 49.8) 61.9 (55.4, 68.0) 54.1 (48.3, 59.8)

Treated 40.8 (34.9, 47.0) 60.2 (53.9, 66.2) 52.1 (46.5, 57.6)

Controlled among treated 33.2 (27.1, 40.0) 38.1 (32.4, 44.0) 36.5 (32.4, 40.7)

Hypertension only

Aware 43.0 (36.7, 49.5) 52.3 (46.1, 58.5) 48.4 (43.0, 53.9)

Treated 36.4 (30.5, 42.7) 46.0 (39.7, 52.1) 42.0 (36.9, 47.3)

Controlled among treated 12.2 (8.3, 17.5) 16.5 (11.7, 22.7) 14.9 (11.4, 19.3)

Coexistence of both

Aware 26.6 (21.9, 32.0) 39.3 (33.5, 45.3) 34.0 (29.4, 38.9)

Treated 22.4 (18.6, 26.7) 34.6 (29.0, 40.7) 29.5 (25.3, 34.1)

Controlled among treated 2.6 (1.4, 4.6) 7.8 (4.5, 13.4) 6.2 (3.8, 9.9)

Controlled target of FPG for those with diabetes alone: FPG at <130 mg/dL.
Controlled target of blood pressure for those with hypertension alone: SBP/DBP at <140/90 mm Hg.
Controlled target of blood pressure for those having coexistence of diabetes and hypertension: SBP/DBP at <130/80 mm Hg.

diabetes or hypertension alone. After controlling for poten-
tial confounding factors of sociodemographic variables
including age, sex, education, urban/rural are as, geographic
region, obesity (BMI ≥ 25 kg/m2), and abdominal obesity,
factors that were associated with the coexistence of both
conditions included: age ≥60 years (adjusted odds ratio
(OR) 1.38, 95%CI 1.14, 1.70), living in urban area (1.15,
95%CI 1.0, 1.30), having education less than 6 years (1.83,
95%CI 1.03, 3.38), and abdominal obesity (2.49, 95%CI

2.00, 3.10). Note that BMI ≥ 25 kg/m2 was not significantly
associated with the coexistence in the multivariable model.
Additional analysis for multivariable logistic regression was
performed using BMI cut-off point at 30 kg/m2, instead of at
25 kg/m2. The results showed that BMI ≥ 30 kg/m2 still was
not significantly associated with the coexistence of diabetes
and hypertension (adjusted OR 1.17, 95%CI 0.91, 1.50),
whereas abdominal obesity remains statistically significance
(2.50, 95%CI 2.01, 2.97).
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Table 4: Factors associated with coexistence of hypertension and diabetes compared to those having either diabetes or hypertension alone.

Unadjusted OR Adjusted OR∗

Female (versus male = 0) 1.48 (1.26, 1.73) 1.02 (0.85, 1.20)

Age ≥60 years (aged 15–<59 yrs = 0) 1.50 (1.30, 1.74) 1.38 (1.14, 1.70)

Urban (versus rural = 0) 1.22 (1.03, 1.45) 1.15 (1.00, 1.30)

Education (versus no formal education = 0)

less than 6 year 1.93 (1.09, 3.42) 1.83 (1.03, 3.38)

secondary 0.92 (0.52, 1.63) 0.96 (0.54, 1.72)

university 1.06 (0.54, 2.06) 1.06 (0.56, 2.01)

BMI ≥ 25 kg/m2 (versus BMI < 25 kg/m2 = 0) 1.80 (1.54, 2.10) 1.07 (0.86, 1.34)

Abdominal obesity (versus no = 0) 2.58 (2.18, 3.06) 2.49 (2.00, 3.10)
∗

Adjusted OR controlled for age, area of residence, education, geographic region, BMI status, and abdominal obesity; abdominal obesity: waist circumference
≥90 cm in male and ≥80 cm in female.

4. Discussion

This study added more information on characteristics of
individuals with coexistence of diabetes and hypertension in
Thai population. A half of the people with diabetes also had
hypertension and about 14% of hypertensive patients had
diabetes. The prevalence of 3.2% of the coexistence corre-
sponds to an estimated 1.5 million of Thai population having
both conditions. After controlling for covariates, patients
with the coexistence of diabetes and hypertension were likely
to be older, having lower education and abdominal obesity.
There were limited data on prevalence of the coexisting
conditions in Asian populations. Although the prevalence of
diabetes or hypertension in Thai population was comparable
to that of other Asian countries [12], it is unclear whether the
prevalence of the coexistence of both conditions is different
from those of other Asian populations. Further studies of this
issue might be warrant.

The coexistence of diabetes and hypertension increases
risk of cardiovascular diseases [7, 13], renal complications,
and retinopathy [7]. Randomized control trial studies
demonstrated that aggressive control of blood pressure and
diabetes could improve the CVD outcomes [14]. Therefore,
early detection and control of the coexisting of the disease
are essential. However, the present study revealed that
awareness of the coexistence of both conditions was very
low with less than 30% of individuals with both conditions
being treated and less than 10% of the conditions being
simultaneously controlled. The findings suggested that over
1 million individuals with both conditions were not detected
and treated for their conditions.

Awareness of diabetes, hypertension and coexistence of
both were lower in men than in women. This might reflect
that men are less likely to seek health care and less health
concern compared to women. This finding is consistent
with the national survey data showing the higher health
care utilization among women than men [15]. This finding
suggests that health education program should be focused
more on men.

The high proportion of having hypertension in patients
with diabetes (78.4%) had been reported in a study using the
data from the Thai diabetes registry [16]. The proportion

found in this study was lower than that of the registry
data, because the cases in the registry were from the tertiary
care hospitals, where severe cases of diabetes were more
likely to be found. However, the proportion of hypertension
in patients with diabetes in this study was higher than
that of the United Kingdom prospective diabetes study
(UKPDS), which reported the proportion of 39% [17, 18].
The proportion of diabetes among hypertensive patients
in this study was slightly lower than what found in the
US where the proportion of individuals with hypertension
having diabetes was 19.8% [19]. These findings are consistent
with previous review [13] in that approximately half of
the diabetes patients have hypertension, and hypertension
was about twice as frequent in individuals with diabetes
compared to those without diabetes.

BMI is a measure of total obesity and abdominal obesity
is an indicator for abdominal fat deposition. This study
found that abdominal obesity was a stronger risk factor for
the coexistence of diabetes and hypertension. This finding
was consistent with many studies and review on evidence of
WC being a stronger risk factor for cardiovascular diseases
and metabolic syndrome as compared to BMI [20–23].
However, some recent studies argued that the evidence
to replace BMI with waist circumference for clinical or
public health practice has not been strong enough [24, 25].
More research, particularly in Asian populations, is needed
to confirm whether measuring abdominal obesity should
replace BMI in surveillance of cardiovascular risk factors.

Other factors associated with the coexistence included
education level less than 6 years. In a previous study we also
reported that hypertension was more prevalent among those
with lower education [5]. It is possible that those with lower
education were at high risk, because they might have worse
unhealthy lifestyles. In those with inadequate control either
diabetes or hypertension might lead to the development of
the other condition. A study reported that patients with
hypertension are 2.5 times more likely to develop diabetes
compared to those with normotension [13].

The strength of this study includes having large sample
size and being a representative data that allows the analysis
of each condition and the coexistence. Some limitations of
the present study should be mentioned. First, the present
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study might underestimate the true prevalence of diabetes,
since only FPG was used. Two-hour glucose tolerance test
was reported to be more accurate in detection of undiag-
nosed diabetes compared to measurement of fasting plasma
glucose; however, FPG test was more feasible to perform
in field survey [26]. Second, the measurement of blood
pressure could be subject to overestimation due to the effect
of white coat hypertension. However, the measurement was
done according to the standard protocol for blood-pressure
measurement and the procedure was done in the community,
so this effect might be minimal. Third, the cross-sectional
design might preclude drawing conclusion about cause effect
relationship between risk factors and the comorbidity.

The implication of this study is that the health care
system should be designed to strengthen comprehensive
health care of coexistence of diabetes and hypertension in
order to increase detection, treatment, and control of those
affected. In addition, individuals with obesity or those with
low educational levels were at higher risk and should be
targeted.

5. Conclusion

Patients with diabetes or hypertension should be screened
for coexistence of another condition, and they should be
promoted to have weight control in order to prevent the
comorbidity. More stringent control of plasma glucose and
blood pressure among these patients should be applied.
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