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Abstract
Objective To estimate the prevalence of hypertension,
diabetes and chronic kidney disease and their risk factors
in a rural and urban region of Haiti.
Setting and participants Community health workers
enumerated 2648 households (909 rural and 1739 urban)
via a multistage cluster random sampling method from
July 2015 to May 2016, completed 705 rural and 1419
urban assessments for adults aged 25–65 years.
Outcome measures We performed a WHO STEPS based
questionnaire, measured two blood pressure values,
weight, height, abdominal circumference and point of
care test finger stick blood sample for haemoglobin A1c,
creatinine and cholesterol (total, high density lipoprotein
(HDL) and triglycerides).
Results After adjusting for age and sex, the overall
prevalence rates of hypertension, diabetes and chronic
kidney disease were 15.6% (±2.93%), 19.7% (±1.57%)
and 12.3% (±2.72%), respectively. Of the three noncommunicable diseases (NCDs), only diabetes showed
a significant difference between rural and urban sites
(p=0.000), with the rural site (23.1%) having a higher
prevalence than the urban site (16.4%). When comparing
male and female participants, females were significantly
more likely than males to have an NCD (p≤0.011). Females
had a higher prevalence of most of the risk factors when
compared with males. The urban location had a higher
prevalence than the rural location for four risk factors
that showed a significant difference between location
(p≤0.037).
Conclusions Women in Haiti had significantly higher
prevalence rates of most NCDs and risk factors than men,
and urban populations frequently, but not always, had
higher rates of NCDs risk factors than the rural population.
Further, it was shown that using point of care blood tests
combined with community health workers, it is feasible to
screen for NCDs and risk factors in remote areas which
otherwise have limited access to healthcare.

Introduction
Non-communicable diseases (NCDs) are
the leading cause of death worldwide1 and
placing the greatest burden on low-income

Strengths and limitations of this study
►► One of the only studies conducted on non-commu-

nicable diseases and their risk factors of this scale
in Haiti.
►► Use of point of care blood tests, including haemoglobin A1c for diabetes, to diagnose non-communicable diseases in Haiti.
►► Random selection of participants with high response
rate.
►► Possible selection bias as women are over-represented in comparison with men.
►► Limited generalisability as sample size is representative of the two regions included in the study rather
than the country as a whole.

and middle-income populations and leading
to earlier mortality. Few studies have been
conducted in Haiti, the poorest country in
the Western hemisphere, to determine NCDs
and risk factor prevalence. WHO has cited
a substantial lack of information on hypertension and other NCD prevalence in Haiti
impeding progress in NCD interventions.2
The primary objective of this study was
to estimate the prevalence of hypertension, diabetes and chronic kidney disease
(CKD) among Haitians aged 25–65 years,
located in urban and rural Haiti. In a comprehensive literature search of low-income
country (LIC) populations with sub-Saharan
African or black descent, the prevalence of
hypertension ranged from 27.9% in Benin3
to 53% in Malawi,4 with many countries, such
as Tanzania and Nigeria,5 6 demonstrating a
prevalence of 30%–40%. Previous studies
showed ranges from 36.6% in a rural area
of Haiti7 to 85% in urban specialty clinics
serving Haitian-Americans.8 A rural specialty
hospital in Haiti reported a diabetes prevalence of 36.3% and CKD prevalence of
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Methods
Study population and design
The Rivière Froide, Carrefour and Cabral region of
Thomonde, Central Plateau were selected as the urban
and rural sites of the study, respectively. Both study sites
were chosen due to past experience working in these
areas and access to facilities to work out for the purposes
of this study.
The study used a multistage random cluster sampling
method to choose which areas within the study sites
would be sampled. The rural and urban sites were divided
into sections with roughly equivalent populations and the
clusters to be included in the study were chosen using
a random number table. Within the clusters, the household to be the starting point for enumeration was selected
2

using community structure anchor points (eg, schools,
churches, police stations). For even numbered clusters,
enumeration began from the left side of the anchor point
and for odd-numbered clusters, the right side of the
anchor point. Households to be interviewed were selected
based on a random interval number that was chosen
daily from preprepared sealed envelopes. One individual
within the household was then randomly selected to be
interviewed using a Kish table.20 Men and women between
25 and 65 years of age, residing in Rivière Froide, Carrefour and Cabral of Thomonde, Central Plateau were
eligible to participate in the study. Men and women who
were cognitively impaired or women who were pregnant
were excluded. If the selected individual was not home
or not free to participate in the survey on first approach,
at least two additional attempts to conduct the interview
were made. See figure 1 for accrual numbers.
The estimated population of the urban site of Rivière
Froide, Carrefour as of the 2012 census was 193 694.21
The average household size was 4.2 members per household and the total number of households was 46 118. The
urban sampling area was divided into eight clusters with
each cluster estimated to have 5765 households. Using
the same census data, the estimated population of the
rural site of Cabral was 13 292, with an average household size of 4.9 members/per household and 4799 households.21 Section Cabral was divided into 20 clusters with
each cluster having about 240 households.
Data collection
Data were collected between July 2015 and May 2016 by
Haitian CHWs who participated in a week-long training
programme. Eligible participants were identified and
consent was obtained in accordance with human research
standards.Accrual of sample occurred as outlined in
figure 1.
An adapted version of WHO STEPS instrument was
used for the main survey of the study.22 CHWs obtained
blood pressure values two times—once at the beginning
of the survey and a second time at the end, approximately 30–45 min afterwards. This was done using the
Omron Series 7 electronic wrist blood pressure device as
per instructed in the user manual.23 In addition, weight,
height and abdominal circumference were measured
with portable electronic scales and tape measures as per
WHO STEPwise Surveillance Manual.24 A POCT finger
stick blood sample was obtained to provide a HbA1c
value to diagnosis diabetes (A1c Now+, Polymer Technology Systems), a creatinine value was obtained for CKD
(StatSensor Creatinine Express device, Nova Biomedical)
and cholesterol (total, HDL and triglycerides (TGs)) for
dyslipidaemias (CardioChek Lipid Test, Polymer Technology Systems).25–27
Hypertension was defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure ≥90 mm
Hg for both of the two separate occasions during the
survey or alternatively, those taking blood pressure
medication. Diabetes was diagnosed using HbA1c
DeGennaro V, et al. BMJ Open 2018;8:e020317. doi:10.1136/bmjopen-2017-020317
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27% among its patients.9 Other LICs of black or African
descent, such as Malawi (18%),4 Tanzania (5.7%)10 and
Benin (1.8%–3.3%),4 have reported much lower rates
of diabetes. Quality prevalence data on CKD data is very
limited for LICs.
In addition to NCDs, we sought to estimate the prevalence of risk factors, including obesity, dyslipidaemia,
metabolic syndrome and smoking. In Burkina Faso, the
prevalence of low HDL cholesterol was 30%11 and in
Benin 13%.12 Prevalence of obesity in some LICs was as
much as one-fifth the population. For example, a 2008
study in Benin found obesity prevalence at 18%12 and in
Southern Nigeria it was 10.6%, with a prevalence of overweight people of 21.8%.6 We hypothesised the prevalence
of NCDs and their risk factors in Haiti would be similar
to those found in other LICs whose populations were of
black or of African descent.
We also sought to compare the prevalence of these
NCDs and risk factors between men and women, as well
as between urban and rural populations. Based on studies
in other LICs, we hypothesised that urban populations
would have higher rates of NCDs than rural populations13–15 and we expected men to have higher rates of
NCDs and risk factors than women.16–19
Finally, we sought to demonstrate these NCDs could
be diagnosed in the community by community health
workers (CHWs) using point-of-care testing (POCT), in
cooperation with the Haitian non-profit organisation
Innovating Health International. POCT refers to medical
testing that is preformed outside a laboratory setting, in
close proximity to the patient, often by non-professional
personnel. In this study, POCT where used to collect
information on cholesterol, haemoglobin A1c (HbA1c)
and creatinine levels in order to diagnose hypertension, diabetes and CKD, respectively. Few studies, if any,
have had such a comprehensive approach to estimating
NCD prevalence in LICs. We hope that the use of CHWs
and point-of-care blood tests could set a new standard
for prevalence studies in LICs, offering the possibility
for improved community-based disease diagnosis and
management.
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Accrual of participants (see attached). BMI, body mass index; HbA1c, haemoglobin A1c.

with normal defined as <5.7%, prediabetes as defined
by HbA1c ≥5.7%–<6.4%, and diabetes as defined by
HbA1c ≥6.5% or on diabetes treatment. CKD was categorised by glomerular filtration rates defined by stage
1 as ≥90 mL/min, stage 2 as 60–89 mL/min, stage 3
as 30–59 mL/min, stage 4 as 15–29 mL/min, stage 5
as <15 mL/min. Metabolic syndrome was defined using
Adult Treatment Panel III criteria which is defined by
three of the following: HbA1c >5.0 mg/dL, waist circumference ≥40 inches (men) or ≥35 inches (women), blood
pressure ≥130/85 mm Hg, TG level ≥150 mg/dL, HDL
cholesterol level less than 40 mg/dL (men) or 50 mg/
dL (women).28 Large waist circumference was defined
as >40 inches for men and >35 inches for women.29
Overweight was defined as body mass index ≥25 kg/m2
and obesity was defined as body mass index over 30 kg/
m2. Desirable total cholesterol profiles were defined
DeGennaro V, et al. BMJ Open 2018;8:e020317. doi:10.1136/bmjopen-2017-020317

as <200 mg/dL, borderline high as 200–239 mg/dL and
high as ≥240 mg/dL. A normal TG profile was defined
as <150 mg/dL, borderline high as ≥150<200 mg/dL
and high as ≥200 mg/dL. Favourable HDL is ≥50 mg/dL
in women and ≥40 mg/dL in men. For both genders, low
density lipoprotein (LDL) <130 mg/dL was considered
desirable, LDL ≥130–159.9 mg/dL borderline high and
LDL ≥160 mg/dL high. After completion of the survey,
if the participant had an abnormal or dangerous test
value, the CHWs would refer them to the closest local
clinic.
Data quality control occurred at several steps in the
data flow process. Before the CHWs leave the household,
they reviewed the study documents for completeness,
legibility and logic. Following this, study staff performed
a same-day review of all completed surveys, with any clarifications or corrections completed the next work day.
3
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Statistical analysis
Other studies have shown a 4% difference in prevalence
between the urban and rural groups in terms of hypertension, a 5% difference in obesity, a 3.5% difference in
diabetes. Using the one with the smallest predicted difference of 3.5%, diabetes, the minimum sample size needed
was estimated to be 1798, at a 5% significance level and
power of 80%. To this, we added a 10% buffer in case
some participants opted out of providing measurement
data and then rounded the sample size to 2000 people.
Primary outcomes were prevalence of each NCD
(hypertension, diabetes, CKD) and risk factor (smoking,
obesity, waist circumference, dyslipidaemia, metabolic
syndrome). The LDL cholesterol, body mass index and
glomerular filtration rate (Cockroft-Gault) were calculated values. Each variable prevalence was calculated
based on the number of complete values for that variable with missing observations assumed to be missing at
random and therefore removed from the analysis.
To estimate diabetes prevalence, discussed later, both
Stata and R31 were used. To determine if the presence of
haemoglobin abnormalities, estimated at 13.97% prevalence, presented a bias, we used bootstrap randomisation
algorithm. The first algorithm resamples and excludes
13.97% of the observations randomly from the data,
and recalculates the new prevalence. Resampling was
done for 10 000 iterations. The second algorithm splits

the data into portions that represent 13.97% of the total
number of observations and excludes each cluster once,
then recalculates the prevalence of diabetes, replaces the
excluded cluster and repeats the process.
Data are presented as crude and age–sex direct standardised prevalence for each variable, disaggregated by
sex and location. Additionally, Poisson regression models
were fitted with the response being the counts of number
of observations with hypertension adjusting for age and
gender, and with SEs estimated using the robust sandwich
variance estimator to account for heterogeneity in the
data. Both the deviance goodness-of-fit and Pearson goodness-of-fit χ2 tests were used to assess if the model fit the
data. Data were analysed using Stata statistical software.32

Results
In total, 2648 households (909 rural and 1739 urban)
were contacted for enumeration with 705 assessments
completed from the rural area of Thomonde commune
in the Central Plateau and 1419 from an urban neighbourhood on the edge of Port-au-Prince called Carrefour
(table 1). The response rate (defined as eligible participants who underwent the survey over the total number of
households contacted minus those who were determined
to be ineligible secondary to age) was 89.6%. Non-responders were generally those who did not consent to two
finger sticks or who had something urgent arise during
the hour-long interview and could not be contacted after
two attempts.

Table 1 Description of study participants by location, Rivière Froide, Carrefour and Cabral region of Thomonde, Central
Plateau, Haiti, 2015
Rural
(n=706)
Variable

n

Urban
(n=1425)
(%)

n

Total
(n=2131)
(%)

n

(%)

Sex
 Male

258

(36.5)

571

(40.1)

829

(38.9)

 Female

448

(63.4)

854

(59.9)

1303

(61.1)

Mean age (SD) (years)

42.4

(SD 11.7)

39.9

(SD 11.7)

40.8

(SD11.8)

Monthly income (US$)
 <25

211

(30.1)

206

(14.7)

417

(19.8)

 25–50

89

(12.7)

144

(10.2)

233

(11.1)

 51–250

194

(27.7)

357

(25.5)

551

(26.2)

 251–500

177

(25.2)

544

(38.8)

721

(34.5)

29

(4.1)

148

(10.5)

177

(8.4)

 >500
Education
 No formal schooling

559

(85.3)

715

(56.9)

1274

(66.6)

 Less than primary school

67

(10.2)

332

(26.4)

399

(20.8)

 Primary school

19

(2.9)

173

(13.7)

192

(10.5)

5
5

(0.7)
(0.7)

25
11

(1.9)
(0.8)

30
16

(1.5)
(0.8)

 Secondary school
 University

4
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Reviewed and corrected paper surveys were then entered
into a secure REDCap database, with range and consistency checks performed daily.30
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Prevalence by sex
Males

Prevalence by location

P values*
Females (sex)
Urban

Rural

Overall prevalence

P values†
(location) Standardised‡ SE

Risk factors
 Smoking (n=2124)

13.7

5.0

0.000

8.9

9.8

0.666

9.3

1.50

 Overweight and Obese§ (n=2074)

14.3

34.3

0.000

30.4

18.2

0.000

24.3

2.98

 Large waist circumference (n=2074)

4.2

34.4

0.000

21.4

17.1

0.000

19.3

3.70

 High total cholesterol (n=1819)

0.4

4.0

0.000

2.7

1.8

0.037

2.3

0.64

 High triglycerides (n=1819)

5.9

9.0

0.001

7.1

7.8

0.521

7.4

0.78

 High LDL (n=1819)

0.8

4.5

0.000

3.3

2.1

0.203

2.7

0.69

 Low HDL (n=1819)

35.8

33.6

0.100

32.3

36.2

0.094

34.7

1.49

 Metabolic syndrome (n=2074)

15.1

37.5

0.000

30.1

22.5

0.000

26.3

3.27

 Hypertension (n=2104)

11.0

20.2

0.000

17.1

14.1

0.185

15.6

2.93

 Diabetes (n=1858)
 Chronic kidney disease¶ (n=1980)

18.6
8.8

20.8
15.8

0.001
0.000

16.4
14.2

23.1
10.5

0.000
0.086

19.7
12.3

1.57
2.72

Non-communicable diseases

*Comparing male and female prevalence.
†Comparing urban and rural prevalence.
‡Age–sex standardised.
§BMI defined as ≥25 kg/m2.
¶Chronic kidney disease stages 3–5.
BMI, body mass index.

Demographics
The overall mean age was 40.8 years old, with minimal
difference by sex (male=40.6 years, female=40.8 years)
but age varied by location, with rural participants older
(42.4 years) than the urban participants (39.9 years)
(p=0.000) (table 1). Among the participants, 829 were
male (38.9%) and 1303 were female (61.1%), with similar
participation rates for the rural and urban sites.
Prevalence of NCDs and their risk factors
As seen in table 2, there was a significant difference in
prevalence between male and female participants when
it came to the following risk factors: smoking, overweight
and obese, large waist circumference, high total cholesterol, high TGs, high LDL and metabolic syndrome.
Females had a higher prevalence of all of these risk factors
when compared with males, except for smoking.
Between the urban and rural sites of the study, a significant difference in prevalence was seen for the following
risk factors: overweight and obese, large waist circumference, high total cholesterol and metabolic syndrome. The
urban location had a higher prevalence of all of these risk
factors when compared with the rural location. The rural
location had a significantly higher rate of diabetes.
Other observations of note include that urban women
were significantly more likely to have metabolic syndrome
than rural women, but there was no difference in men.
Also, there was no significant difference in prevalence
of large waist circumference in urban men and urban
women than rural men and rural women, respectively.
DeGennaro V, et al. BMJ Open 2018;8:e020317. doi:10.1136/bmjopen-2017-020317

Among all study participants, hypertension prevalence
rates were estimated to be 15.6% (±2.93%) and there was
a significant difference between men (11.9%) and women
(20.2%). Of the 1858 participants evaluated for diabetes,
37% were prediabetic and 19.7% (±1.57%) had an HbA1c
diagnostic of diabetes, with a significantly higher rate in
women (20.8%) than men (18.6%) and rural (23.1%)
location than urban (16.4%). The overall prevalence
of CKD stages 3–5 combined was 12.3% (±2.72), with
women (15.8%) suffering significantly higher rates than
men (8.8%).
Discussion
This study found that, after adjusting for age and sex, the
overall prevalence rates of hypertension, diabetes and
CKD were 15.6% (±2.93%), 19.7% (±1.57%) and 12.3%
(±2.72%), respectively. Of the three NCDs, only diabetes
showed a significant difference between rural and urban
sites (p=0.000), with the rural site (23.1%) having a higher
prevalence than the urban site (16.4%). When comparing
male and female participants, females were significantly
more likely than males to have an NCD (p≤0.011). With
respect to NCD risk factors, females had a higher prevalence of most of the risk factors when compared with
males. For the four risk factors that showed a significant
difference between location (p≤0.037), the urban location had a higher prevalence than the rural location.
The hypertension prevalence was lower than that noted
in many other LICs in Africa and among populations of
5
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Table 2 Crude and age–sex standardised prevalence of non-communicable diseases and risk factors among study
participants, Rivière Froide, Carrefour and Cabral region of Thomonde, Central Plateau, Haiti, 2015
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healthier than men who stay at home, our estimated prevalence rates may have been somewhat biased; however,
crude and age–sex standardised NCD prevalence values
were generally similar.
This study cannot be generalised to all of Haiti as it
represents one urban and one rural region of Haiti.
However, this is the largest study conducted on NCDs and
their risk factors in Haiti. Other studies looking at NCDs
in Haiti are limited and those that have been completed
are hospital based with small sample sizes, making the
observations highly prone to selection bias.9 33–36 They
also do not measure as many NCDs or risk factors. As
such, this study is one of the best resources available to
provide an indication about what NCD prevalence may be
for the country as a whole.
One of the strengths of this study is that although many
of the communities included in the sampled clusters were
difficult to access, with limited access by road, requiring
long distances and difficult terrain to be traversed on
foot, using CHWs and POCT blood tests enabled the data
to be captured. Our methods may create a new standard
for chronic disease diagnosis and monitoring in countries
with remote and difficult to access locations. The success
of the CHWs can be attributed to their persistence,
commitment and dedication to the public health of their
communities. Knowing that local buy-in was of tantamount importance, prior to initiation of the study existing
CHWs announced to local community leaders (priests,
government officials, etc) the study aims and sought their
input, and acceptance. Community buy-in was facilitated
by the fact that all participants were educated on NCDs
and given a ‘Know your numbers’ card that documented
their study results for their own use. Thus, the research
attempted to give back to the communities; CHWs were
pleased to offer this information to their community
members. The CHWs had daily contact with study staff
who performed long distance quality control, as done in
previous studies.44
Though at first it was difficult to use, POCT was a major
strength of this study. POCT for HbA1c,45 46 creatinine47 48
and cholesterol (total, HDL, TGs)49 50 has been well validated as comparable to that in laboratory settings. POCT
has been shown to increase the testing of specific diseases
when available, for example, when rapid HIV tests were
made accessible.51 In order to have drawn, transported and
tested vials of blood instead of using POCT, significantly
more infrastructure would have been required including
freezers, centrifuges and a network of transportation via
motorcycles through the mountains. In order to carry
out POCT, each CHW was equipped with a backpack that
weighed over 25 pounds at the start of each day, including
sharps and biohazard disposal, a weight scale, three
POCT machines, ice packs as needed and paper surveys.
Without the paper surveys, the backpacks weighed significantly less and make POCT in remote places even more
practical as an actual clinical tool. The method of POCT
for determining prevalence of numerous NCDs offers a
dramatic alternative to otherwise logistically difficult data
DeGennaro V, et al. BMJ Open 2018;8:e020317. doi:10.1136/bmjopen-2017-020317
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black descent, including those reported previously in
Haiti (20%–70%).33–36 Most published Haitian studies
were performed among clinic populations using manual
blood pressure cuffs with large interoperator variability.
Another possible explanation for the comparatively low
level of hypertension in this study includes the absence
of ‘white coat’ hypertension seen in clinics. We used
a handheld electronic device to eliminate interoperator variability for CHWs, whose skills with manual cuff
may not have been that of more trained clinicians. The
wrist location was chosen for ease of use compared with
upper arm monitors that would require multiple-sized
cuffs. However, the device we used has been well-validated
against traditional means for blood pressure measurement,37 although others elsewhere have cited some inaccuracies in their use depending on the brand.38
The prevalence of prediabetes and diabetes is much
lower than rates reported in a previous study in Haiti
(36.3%),9 and higher than those reported in other nations
including Malawi (18%),4 Tanzania (5.7%)10 and Benin
(1.8%–3.3%)4. Notably, our findings were similar to those
found in US blacks.39 The consistency with US rates may
have been due to the methods we used to assess these
conditions. Instead of blood glucose, we used HbA1c to
diagnose prediabetes and diabetes to eliminate inaccuracies due to ingestion of food or drink and the inability to
control for last oral intake. This method may be especially
important to use in cultures like Haiti’s, where drinks,
even high sugar ones, are often not considered food or
oral intake when asked.
According to previous studies, approximately 13.97% of
Haitian adults have a haemoglobin abnormality (range of
12.7%–15.3%),40–42 compared with 12% in blacks in the
USA.43 Previous research has shown variations of HbA1c
in those with abnormal haemoglobin, with the results
depending on the type of abnormal haemoglobin, the
amount of elevation of the HbA1c with those farther from
the mean having higher error rates, and the test itself that
is used. Most errors have been shown to be small (less
than 0.5% increase or decrease in HbA1c), but others,
including the machine that we used, HbA1c Now+, has
previously been reported to overestimate HbA1c by
1.17%–1.73% depending on haemoglobin type. To determine if this possible overestimation presented a bias in
our study, we performed a bootstrap randomisation algorithm in two different ways described above. All statistical
analysis methods yielded similar results to that which
was observed without any correction (16.1% prevalence
urban and 23.5% rural).
A limitation of this study is the under-representation
of men among our sample: 39.5% of the data came
from men, and 60.5% from women. Since the study was
conducted during the day and at homes, men may have
been at work and thus less likely to have completed the
study if they were selected. This has been cited as a limitation in other surveillance work in Haiti.34 In our findings,
the men had lower rates of many of the risk factors and
diseases than the women. Since working men may be

Open Access

Conclusions
In Rivière Froide, Carrefour and Cabral region of
Thomonde, Central Plateau, Haiti it was found that the
prevalence of NCDs was higher in women than men. It
was also shown that the prevalence of NCDs was similar
between the urban and rural sites, except for diabetes
which was higher in the rural location. The use of CHWs
and POCTs has shown to be a promising, cost-effective
way to determine NCD prevalence and should be considered in other LIC and remote settings. While our study
may give an indication about the prevalence of NCDs and
their risk factors in Haiti, further research is required
to accurately make observations about the country as a
whole.
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