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Abstract

Introduction

Cardiovascular disease (CVD) is the most common cause of morbidity and mortality worldwide, and hypertension is the most important
modifiable risk factor for CVD. Although Romania has one of the highest CVD mortalities in Europe, it is underestimated in rural areas where
access to healthcare is limited.

Methods

Data from 2988 subjects were collected during health campaigns aimed at providing free medical care in rural, remote areas of Romania. Rural
residents underwent medical examinations and blood tests to evaluate the prevalence CVDs and of their major risk factors, i.e., hypertension
(HT), obesity, smoking, diabetes, and dyslipidemia.

Results

The overall prevalence of CVD was 14 %: coronary heart disease (9 %), stroke (2.9 %), peripheral artery disease (1.3 %), and atrial fibrillation
(3.2 %). The prevalence of HT was unexpectedly high (72.8 %) as was the proportion of newly diagnosed HT (33.3 %). Of those aware, 65 %
were treated, but only 17.2 % were on target. Other CV risk factors prevalence was obesity (31.3 %), diabetes mellitus (12.6 %), dyslipidaemia
(64.7 %), and smoking (16.2 %). Obesity, smoking, and diabetes increased the likelihood of developing CVD by 1.7 times, with HT being the
leading risk factor by 2.7-fold. The 10-year risk of a cardiovascular event (Framingham score) was high (over 20 %) in one-third of the subjects,
while the risk of a fatal CV event in the following 10 years (SCORE) was above 5 % in a quarter (22 %) of the studied population.
Conclusion

This is the first study that focused on the health of the rural population in Romania and used data collected from mobile health caravans, a concept
that is in continuous growth. The results showed an unexpectedly high prevalence of HT, as well as a high risk of developing cardiovascular

disease, pointing to the need for strategies to improve medical care.
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Introduction

With more than one-third of the global adult population diagnosed,
hypertension (HT) is the most frequent modifiable risk factor for
cardiovascular diseases (CVDs), which are responsible for over 30 %
of deaths worldwide [1,2]. In Europe, CVDs accounted for 45% of all
deaths in 2016, mostly being attributable to coronary heart disease
(CHD) and stroke [3]. In recent years, CVD prevalence has slightly
declined in western societies. Meanwhile, more than 80 % of the
global burden of CVD occurs in developing countries, where

cardiovascular (CV) mortality is 2-to-5 times higher than that

attributable to infectious disease, and where HT is more prevalent
[4,5].

Data from the European Registry of Cardiovascular Disease showed
that Romania had high CV mortality and is the leader in stroke
mortality [6]. Previous studies evaluating CV risk factors in the
Romanian general population reported prevalence 0f45.1 %, 31.9 %,
11.6 %, and 67.1 % for HT, obesity, diabetes, and dyslipidaemia,
respectively [7,8,9,10].

Primary prevention of CVD remains a major challenge, although

starting from the Framingham study (1961), it has been demonstrated
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that hypertension, obesity, smoking, diabetes and dyslipidemia
represent major risk factors for developing CVD [11,12]. Since then,
many studies have shown that management of these modifiable risk
factors combined with healthy lifestyles decreases the occurrence of
CVD [13,14,15,16,17].

Population studies focusing on the rural residents in Romania are
scarce. Rural areas cover 87.1 % of the country’s surface and include
approximately 45 % of its total population [18]. Most of the
population in these areas is confronted with severe poverty and poor
living conditions [19]. Some of Romania’s towns are also considered
“rural”, struggling with the same quality of living problems as the
rural villages [20].

Providing healthcare to rural and remote areas is challenging.
Geographic access and transportation to medical services is an
important factor for reduced healthcare usage in rural areas, especially
because of spatial isolation from metropolitan areas or urban centers
[21]. Inadequate availability or supply of rural healthcare services is
the most important barrier to accessing services at times of need [22].
There is a shortage of general practitioners (GPs) especially in rural
areas and there is a growing concern that healthcare systems will not
be able to provide sufficient and close-to-home care to meet the future
needs of an increasingly aging society [23].

The differences between rural and urban residents have been
highlighted in many studies. Waist and hip circumference, body mass
index, and total cholesterol levels were higher in rural areas than in
urban areas [24]. Having only primary education was more common

in rural areas than in urban areas [25]. Cultural differences affect

healthcare and can influence the threshold of ill health, below which
individuals choose not to seek medical intervention. Studies have also
shown that rural areas exhibit lower levels of hospital usage and have
poorer health outcomes than urban areas [26]. Also, rural residents
had fewer overall visits and saw fewer medical specialists and more
generalists for their care than their urban counterparts [27]. Previous
social studies done on the Romanian rural population revealed a high
correlation between the quality of living and the frequency of visits to
the doctor [28].

The current paper assesses the prevalence of cardiovascular disease
and cardiovascular risk factors, with emphasis on HT, and uses risk
assessment models to estimate the risk of CVD disease in the rural

population of Romania.

Materials and methods

Setting and subjects

Information regarding the health of rural residents was collected
during campaigns organized by the “Doctors’ Caravan Association”

- a non-governmental organization composed of physicians and
medical students volunteering to travel to Romania’s rural regions
and offer free medical services. Because of the large number of rural
inhabitants (almost half of the country’s population) that strive with
poor infrastructure and reduced access to healthcare, a model of
mobile health caravans was designed by the “Doctors’ Caravan
Association”, that managed to create a fully functioning team of
physicians equipped with adequate medical tools that could supply

mobile healthcare where it was most needed.
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Figure 1. Study sites
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The study analyzed data recorded from 2015 - 2017 in 20
villages/small towns located mostly in the South and East of Romania
[Figure 1]. The selection of the settlements was done according to the
association’s objectives, aimed at providing basic medical care to
people in distant rural areas with low accessibility to medical services.
These settlements are representative of the economic disparities
between urban and rural Romania, where a large proportion of the
marginalized rural population resides. A total of 2988 patients were

examined by the volunteering physicians.

Methods

All patients signed a consent form agreeing to be examined by the
physicians and agreeing to participate in the epidemiologic study. The
inclusion criteria consisted of (> 18 years) of age and willingness to
sign the consent form. All the patients who did not meet these criteria
were excluded from the database, even though they were examined
by the physicians in the health campaigns.

Initially, blood tests were drawn from the inhabitants willing to be
examined. The blood panel included a complete blood count, lipid
profile (cholesterol, triglycerides, HDL), glucose and glycated
hemoglobin, as well as markers for liver and kidney function (alanine
transaminase and creatinine) and chronic hepatitis B and C markers.
On a second visit, a team of medical doctors recorded a standardized
medical history, measured the blood pressure (BP), performed a full
physical exam, and gave treatment recommendations based on the
clinical findings and the laboratory tests.

Due to several factors, including patients’ large number, multiple
visits to the study locations and the variability of physicians who
performed the examination, the extent of data that entered in the
analysis was uneven: some patients performed blood tests but did not
subsequently undergo a physical examination, while others benefited

only from the clinical examination.

Parameters

Cardiovascular diseases included anamnestic or diagnosed CHD
(coronary heart disease), stroke, peripheral artery disease (PAD), and
atrial fibrillation (AF).

HT was defined using ESH/ESC criteria [29]: systolic blood pressure
(SBP) > 140 mmHg and/or diastolic blood pressure (DBP) > 90
mmHg, previous history of HT, and current anti-HT therapy. Blood
pressure was measured in the office, while at rest (sitting). Two
measurements were performed at 2-3 minutes intervals and the lesser
value was retained. Controlled HT was diagnosed when the subject
was taking anti-HT medication and had a measured SBP < 140 mmHg
and DPB < 90 mmHg. Awareness was defined as the percentage of
patients with a previous diagnosis of HT, from the total number of
hypertensives.

Weight and height were measured and body mass index (BMI; kg/m2)

was calculated. Subjects with a BMI of 25-29 were considered

overweight, those with a BMI of > 30, obese while those with BMI <
18.5, underweight. Abdominal circumference was measured to
identify abdominal obesity, which was defined as > 102 cm for men
and > 88 cm for women [30].

Smoking status was defined as a currently active smoker (if one
smoked at least 1 cigarette per day) or former smoker (if he had ceased
smoking for more than one year).

Diabetes mellitus (DM) was defined by fasting plasma glucose >
126mg/dL, glycated hemoglobin (HbAlc) > 6.5%, or a previous
diagnosis made by a specialist, regardless of glucose or HbAlc
values.

Lipid disorders were defined on the basis of NCEP ATPIII
recommendations [31]: Hypertriglyceridemia was defined by a
triglycerides (TG) serum level > 150mg/dL, hypercholesterolemia
was defined by a total serum cholesterol (Chol) level > 200mg/dL.
Elevated levels of both TG and Chol were considered mixed
dyslipidemia.

The general CVD risk was estimated with the Framingham 10—year
CV event risk score. The CVD risk was stratified into low (< 10 %),
moderate (10 to 20 %), high (20 to 30 %), and very high (>30 %). The
10-year risk of developing a fatal CV event was estimated using the
SCORE (Systematic Coronary Risk Evaluation) risk chart. The
formulas provided in the original articles were used for calculating
the risk scores. All the limitations were considered when the scores
were computed (i.e., age 40-65 for SCORE), which meant reducing
the size of the analyzed cohort to those that fitted into the model
[32,33]. The high-risk chart was used for SCORE according to the

recommendations for this country/region.

Statistical analysis

Descriptive analysis (mean, median, the standard deviation for
continuous data, and frequency analysis for categorical data) was
performed on all target variables. The numerical variables that had a
normal distribution were reported as mean and standard deviation.
Kolmogorov-Smirnov and Shapiro-Wilk tests were used to evaluate
the distribution of continuous data, according to which appropriate
tests were used for comparison between groups: independent samples
t-test or Mann-Whitney U test for differences between 2 independent
groups, ANOVA or Kruskal-Wallis test for differences between > 3
independent groups. The Chi-square test was used to analyze
differences between categorical data. Binominal logistic regression
was used to estimate the risk factors. An alpha level of P < 0.05 was

used to test the statistical significance.

Results
The characteristics of the investigated cohort are summarized in Table
I. The mean age was 55 (+16) years, 31 % were aged over 65 and

70 % were female.
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Table I. Characteristics of the investigated cohort

All Male Female p
N Mean or % N Mean or % N Mean or %
(95% CI) (95% CI) (95% CI)

Age 2987
Years (mean +SD) 54.9 (+16.3) 909  [56.6 (+16) 2078 [54.2 (+16.3) <0.01
>65 years (%) 920 30.8 % 306  [33.79%(30.3-36.6) [614  [29.5 % (27.5-31.6)
Sex; percent men 2987 909 30.4 % 2078 [69.6 %
Smoking 2407 <0.01
Non-smoker 1778 73.9% (72.1-75.6) [374  |51.60 % (48-54.9) 1404 [83.5 % (81.8-85.4)
Smoker 391 16.2 % (14.8-17.8) |186 25.7 % (22.5-29) 205 12.2 % (10.6-13.7)
Former smoker 238 9.9 % (8.7-11.1) 165 22.8 % (19.7-25.9) 73 4.3 % (3.3-5.3)
Weight status 2380 <0.01
Underweight 37 1.6 % (1.1-2.1) 9 1.3 % (0.6-2.1) 28 1.7 % (1.1-2.3)
Normal weight 778 32.7 % (30.8-34.5) [259  [36.1 % (32.5-40) 519  [31.2 % (29-33.3)
Overweight 819 34.4% (32.5-36.3) |287 |40 % (36.5-44.1) 532  [32.0 % (29.9-34.3)
Obese 746 31.3% (29.4-33.2) |162 22.6 % (19.4-25.8) 584 35.1 % (32.7-37.3)
Abdominal obesity 1397 59.2 % (57.1-61.2) (277 39.5 % (36.2-43.2) 1120 |67.6 % (65.2-69.9) |<0.01
BMI (meanz SD) 2380 27.9 (£5.9) 717 [26.7 (+4.8) 1663 [28.3 (£6.2) <0.01
Diabetes mellitus 2388
Diabetes mellitus (all) 301 12.6 % (11.3-13.9) |118 16.3 % (13.7-19.3) 183 10.9 % (9.4-12.5) <0.01
Awareness 146 48.5 % (42.9-53.8) |58 49.2 % (39.8-58.2) |88 48.1 % (40.7-55.9)
Newly diagnosed 155 51.5 % (46.2-57.1) |60 50.8 % (41.8-60.2) |95 51.9 % (44.1-59.3)
Dyslipidemia 2351
Dyslipidemia (all) 1523 64.7 % (62.7-66.6) |434  [61.3% (57.6-64.7)  |1089 |66.2 % (63.8-68.4) [0.02
Hypercholesterolemia 1008 42.9 % (41-45.1) 256 36.2 % (32.9-39.6) 752 |45.7 % (43.1-48.5)
Hypertriglyceridemia 103 4.4 % (3.6-5.2) 43 6.1 % (4.3-7.9) 60 3.6 % (2.8-4.6)
Mixed dyslipidemia 409 17.4 % (15.8-18.8) (134  [19 % (16-21.9) 275  |16.7 % (14.9-18.5)
Hypertension 2407 <0.01
HTA (all) 1752 72.8 % (71-74.6) 559 77.1 % (73.9-80.3) 1193 |70.9 % (69-73.1) <0.01
Newly diagnosed HT 584 33.3%(31.1-35.4) (238 42.6 % (38.6-46.7) 346 29% (26.4-31.7) <0.01
Previous history of HT 1168 66.7 % (64.5-68.8) (321 57.4 % (53.4-61.3) 847 71 % (68.4-73.5) <0.01
Treated 759 65 % (62.2-67.7) 179 55.8 % (50.2-61.4) 580 68.5 % (65.4-71.8) [<0.01
Controlled HT 128 17.2 % (14.6-19.9) |35 19.7 % (14.2-25.5) 93 16.4 % (13.2-1.7) 0.05
SBP; (mean +SD) 2407 145 (+25.5) 724 |147.1 (+23.1) 1665 [144.1 (+26.5) <0.01
DBP; (mean £SD)) 2407 87.8 (£13.9) 742 88.9 (+£13.6) 1665 [87.2 (x14.1) <0.01
Cardiovascular disease 2407
CVD (all) 338 14.0 % (12.8-15.5) |104 14.3 % (11.9-17) 234 13.9 % (12.2-15.6) |0.77
CHD 216 9 % (7.9-10.1) 64 8.8 % (6.8-10.9) 152 |9 % (7.7-10.5) 0.86
Stroke 71 2.9 % (2.3-3.7) 27 3.7 % (2.3-5.2) 44 2.6 % (1.9-3.5) 0.14
PAD 32 1.3 % (0.9-1.8) 9 1.2 % (0.6-2.1) 23 1.4 % (0.9-1.9) 0.8
AF 76 3.2 % (2.5-3.9) 27 3.7 % (2.5-5.1) 49 2.9 % (2.1-3.7) 0.29

SD= standard deviation
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Cardiovascular risk factors

Smoking

The smoking frequency was relatively low, 16.2 % were smokers and
9.9 % were former smokers. The majority of smokers and former
smokers were male (25.7 % vs 12.2 %, respectively,22.8 % vs. 4.3 %);
p=0.001) [Table I].

Overweight and obesity

About 66 % of the cohort had a BMI above 25kg/m2, and 31.3 %
were obese. Obesity and abdominal obesity were more frequent in
females (35.1 % vs 22.6 %, p < 0.001) and (67.6 % vs 39.5 %,; p <
0.001) [Table I].

73% 0%

60%

41%

23%

158-29 30-39 40-49

50-59

Diabetes mellitus

The prevalence of diabetes mellitus was 12.6 % and was higher in
men (16.3 % vs 11 %, p < 0.001). Half of the diabetics (51.5 %) were
newly diagnosed [Table I].

Dyslipidemia

In this 64.7 % had (429 %

hypercholesterolemia, 4.4 % hypertriglyceridemia and 17.4 % mixed

cohort, dyslipidemia
dyslipidemia). Dyslipidemia was more frequent in females (66.2 %
vs 61.3 %, p =0.02). [Table I].

Hypertension

The mean SBP/ DBP was 145/87.8 mmHg and was higher in males
than in females (147.1/88.9 vs 144.1/87.2 mmHg) [Table 1].

The HT prevalence (known and newly diagnosed) in the whole cohort
was 72.8%. HT prevalence was related to age and gender: it was more
frequent in males, and significantly increased with age in both sexes,

reaching a plateau around 90% at ages above 60 years [Figure 2].

952, 96% g

90% 91%

60-69 70-79 >80

Age group (years)

EM BmF

Figure 2. Prevalence of HT according to gender and age group

HT was newly diagnosed in 584 participants (33 % of hypertensives).
Accordingly, 66 % of hypertensives were aware that they had HT.
About two-thirds (65 %) of those with known HT were treated, but

Non-HT
27,2 %

333 %

Newly diagnosed H

only 17.2 % were on the target. More important, when counting all
hypertensive subjects, i.e., known and newly diagnosed, HT was

controlled in only 8 % [Figure 3].

Untreated Treated Uncontrolled HT

35% 82,8 %

Figure 3. Total, known, treated, and controlled HT.

In a model of binary logistic regression, sex, age, obesity, and

diabetes mellitus, but not smoking were retained as factors
independently associated with HT. Males were 1.3 times more likely

to have HT than females, increasing age was associated with an

increased likelihood of HT (1 % per year), the odds of participants
with obesity and diabetes to have HT were 2.9 and, respectively, 2.5
times higher (Table I1).
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Table Il. Predictors of HT

B S.E. Exp(B) 95% CI for EXP(B) Sig.
Sex (male) 0.3 0.1 1.3 1.02 1.76 0.04
Age (years) 0.1 0 1.075 1.066 1.085 <0.001
Smoking (yes) -0.2 0.1 0.8 0.6 1.1 0.17
Obesity (yes) 1 0.1 2.8 2.13 3.8 <0.001
Diabetes mellitus (yes) 0.9 0.3 2.5 1.49 4.19 <0.001
Constant -3.4 0.2 0 - - <0.001
Binary logistic regression. Dependent variable HT Yes/No
Independent variable entered in the first step: Sex, Age, Smoking, Obesity, Diabetes mellitus
Chi? 504.7; p < 0.001; Cox & Snell R2=0.24 Hosmer & Lemeshow Chi? 6.5; p=0.59

HT was closely related to cardiovascular disease: 94 % of patients

with cardiovascular disease had HT.
Cardiovascular disease

Prevalence

The prevalence of CVD was 14 %: CHD (8.1 %), stroke (2.7 %), PAD
(1.2 %), and AF (2.7 %). The distribution of CVVDs was even between

Table I11. Prevalence of CVD according to age group and sex

sexes but increased with age, reaching a prevalence of over 20 % in

those older than 60 years (Table I11).

Age group (years)
18-29 30-39 40-49 50-59 60-69 70-79 >80
CvD M 3.1% 0% 3.5% 11 % 19.1 % 22.1% 39.6 %
F 0.9% 1% 35% 10 % 21 % 30 % 31.8%
Total 14% 0.8 % 3.5% 10.3% 20.4 % 21.7% 35.3%

Risk factors

The CV risk factors were evaluated by logistic regression. Although

increasing age was independently associated with an increased

Table 1V. Predictors of CVD

likelihood of CVD, obesity, smoking, and diabetes increased the
likelihood of CVDs by 1.7 times; HT was the most important risk

factor as it increased the risk by 2.7-fold (Table 1V).

B S.E. Exp(B) 95% CI for EXP(B) Sig.
Sex (male) 0.06 0.15 1 0.7 1.4 0.68
Age (years) 0.06 0 1.06 1.05 1.07 <0.001
Obesity (yes) 0.55 0.15 1.7 1.2 2.3 <0.001
Smoking (yes) 0.58 0.28 1.7 1 3.1 0.04
Hypertension (yes) 1 0.28 2.7 1.5 4.7 <0.001
Diabetes mellitus (yes) 0.53 0.17 1.7 1.2 2.3 0.02
Constant -1.3 0.52 0 - - <0.001
Binary logistic regression. Dependent variable CV disease (Yes/No). Independent variables entered in the first step: Sex, Age,
Obesity, Smoking, Hypertension, Diabetes mellitus
Chi? 247.35; p<0.01; Cox & Snell R2=0.24 Hosmer & Lemeshow Chi? 6.9; p=0.53
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Framingham cardiovascular risk

A high risk (>20 %) of developing a CV in the next 10 years was noted in 33 % of participants (N=1740) [Figure 4].
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Figure 4. The 10-yeat risk of a CV event (Framingham)

SCORE

The mean global 10-year risk of fatal CV events of the entire cohort was 3.4 %; 22 % of participants had risk over 5 % (N = 945) [Figure 5].
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Risk of undergoing a fatal CV event in the following 10 years

Figure 5. The 10-year risk of a fatal CV event (SCORE)

Discussions

This is the first study targeting the Romanian rural population, a
population exposed at risk of poverty and social exclusion, with poor
access to health services. The participants’ profile highlights the main
characteristics of this population: old age and a higher proportion of
females. An impressive high prevalence of hypertension was found.
Moreover, the proportion of subjects unaware of HT was remarkably
high, as was the low proportion of controlled HT.

This study revealed an extremely high prevalence of hypertension
(72.8 %) in the rural adult population, much higher than reported in
the Romanian general adult population (45 %). Importantly, 33.3 %
of hypertensives were newly diagnosed, and HT was controlled in
only 17.8 % as compared to 19 % and 31 % in the Romanian general
population. The biggest study on HT prevalence, the SEPHAR study
reports lately interesting results with lower prevalence of HT in the
rural population: 46 %, as well as lower awareness rates (41 %) and
with a higher percentage of treated and controlled population (74 %
and 29 %) [34]. The proportion of treated hypertensives and of those
having controlled HT were lower (65 % vs. 74 %, and 11 % vs. 29
%), which underlines limits in providing medical care in the
investigated Romanian rural areas.

However, other studies have also reported high HT prevalence in the
rural population. For instance, the CARLA study conducted on rural
residents from East Germany, reported HT prevalence of 74 % and

26 % had unknown HT, a proportion much closer to our findings
[35].

The other CV risk factors analyzed were consistent with reported
prevalence in the general population: obesity (31.3 % vs 31.9 %),
dyslipidemia (67.1 % vs 64.6 %), diabetes (12.6 % vs 11.6 %).
Notably, more than a half of the investigated subjects with diabetes
were newly diagnosed [8,9,10].

Interestingly, there are fewer smokers among the rural residents than
the national average. The latest WHO data report a smoking
prevalence of 27 % in Romania, however, our responders declared
that only 16 % were regular smokers (at least 1 cigarette/day) [36].
There is an economic aspect that needs to be considered: rural
residents may have financial constraints that prohibit them from
engaging in “expensive” habits.

CV risk scores were calculated to highlight the CV risk of the
examined population. Two risk scores were chosen because each one
has advantages and limitations [37]. SCORE was computed from
European cohorts and is specially designed to work well on the
European population. However, the score is limited for the population
aged 40-65 and estimates the chance of a fatal cardiovascular event in
10 years.38 Alternatively, the Framingham score, even though it was
extrapolated from American studies, applies to a much wider range of
population (30+) and estimates the 10-year risk of developing any

cardiovascular event [32].
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Strengths and limitations

The high number of patients included in the study makes it highly
relevant. Although the study areas were located in South-East
Romania, the results can be extrapolated to the entire rural population.
There are missing variables (for example from patients who
performed blood tests but did not subsequently undergo a physical
examination or vice versa) and CV risk estimates were calculated only
for subjects with complete data. The data collected were intended for
clinical and not research purposes, therefore some relevant variables
may not have been consistently documented. The difference in study
design, which in our case, was not initially intended as an
epidemiologic study and did not focus on acquiring specific data (i.e.,
history of CVD) can partially explain the low CVD prevalence.
Another limitation concerns BP measurements which were done ona
single visit, leaving room for “white coat hypertension” bias.
Conclusion

This is the first study that focused on the health of the rural population
in Romania. The data was collected from mobile health caravans, a
concept that is in continuous growth as a reaction to the reduced
access to healthcare of the rural inhabitants. The results showed an
unexpectedly high prevalence of HT, as well as a high risk of
developing cardiovascular disease, pointing to the need for strategies
to improve medical care.

The results revealed an extremely high prevalence of hypertension in
the rural adult population (72.8 %) and showed a high percentage of
undiagnosed patients (33.3 %) as well as a small number of treated
hypertensives that are on target therapy.

Other CV risk factors were similar to the nationally reported
prevalence: obesity (31.3 %), dyslipidemia (64.7 %), diabetes (12.6
%). Obesity, smoking, and diabetes increased the likelihood of
participants having CVD by 1.7 times with HT being the leading risk
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