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ABSTRACT
Objectives This study aimed to map the national, regional 
and local prevalence of hypertension and diabetes in 
Ethiopia.
Design and setting Nationwide cross- sectional survey 
in Ethiopia combined with georeferenced ecological level 
data from publicly available sources.
Participants 9801 participants aged between 15 and 69 
years.
Primary outcome measures Prevalence of hypertension 
and diabetes were collected using the WHO’s STEPS 
survey approach. Bayesian model- based geostatistical 
techniques were used to estimate hypertension and 
diabetes prevalence at national, regional and pixel levels 
(1×1 km2) with corresponding 95% credible intervals (95% 
CrIs).
Results The national prevalence was 19.2% (95% CI: 
18.4 to 20.0) for hypertension and 2.8% (95% CI: 2.4 to 
3.1) for diabetes. Substantial variation was observed in the 
prevalence of these diseases at subnational levels, with 
the highest prevalence of hypertension observed in Addis 
Ababa (30.6%) and diabetes in Somali region (8.7%). Spatial 
overlap of high hypertension and diabetes prevalence 
was observed in some regions such as the Southern 
Nations, Nationalities and People’s region and Addis Ababa. 
Population density (number of people/km2) was positively 
associated with the prevalence of hypertension (β: 0.015; 
95% CrI: 0.003–0.027) and diabetes (β: 0.046; 95% CrI: 
0.020–0.069); whereas altitude in kilometres was negatively 
associated with the prevalence of diabetes (β: –0.374; 95% 
CrI: –0.711 to –0.044).
Conclusions Spatial clustering of hypertension and 
diabetes was observed at subnational and local levels in 
Ethiopia, which was significantly associated with population 
density and altitude. The variation at the subnational 
level illustrates the need to include environmental drivers 
in future NCDs burden estimation. Thus, targeted and 
integrated interventions in high- risk areas might reduce the 
burden of hypertension and diabetes in Ethiopia.

INTRODUCTION
Cardiovascular diseases (CVDs), cancer, 
chronic respiratory diseases, hypertension 

and diabetes are the most common types of 
non- communicable diseases (NCDs) reported 
globally. Worldwide, NCDs are the leading 
causes of mortality, accounting for more 
than 71% of annual deaths .1 Overall, three- 
quarters of NCD- related deaths occur in low- 
income and middle- income countries.2 These 
countries also suffer from the double burden 
of infectious diseases and undernutrition.3

Hypertension is one of the most important 
causes of premature death globally.4 A system-
atic review and meta- analysis conducted 
in 2015 reported a pooled prevalence of 
hypertension of 31.1% among adults in Sub- 
Saharan African countries.5 Uncontrolled 
hypertension can lead to CVDs such as stroke, 
myocardial infarction and congestive heart 
failure and chronic kidney diseases.6 Simi-
larly, diabetes increases the risk of CVD, reti-
nopathy, nephropathy and neuropathy.7

Being overweight or obese, having a 
sedentary lifestyle, unhealthy diet, chronic 
stress, poor sleep habits, smoking and exces-
sive alcohol consumption are known risk 
factors for both hypertension and diabetes. 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ For the first time, this study presented the spatial 
distribution of both hypertension and diabetes in 
Ethiopia at a higher resolution level.

 ⇒ The study incorporated a range of ecological factors 
from multiple sources and applied rigorous geospa-
tial techniques to provide the best spatial maps.

 ⇒ However, the current analysis did not include poten-
tial cofounding variables such as healthcare seeking 
behaviour of participants, food diversity and burden 
of comorbidities such as cancer and HIV that might 
better explain spatial variation, as these variables 
were not available in our dataset.
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Although individual- level factors play a substantial role 
in developing hypertension and diabetes, several studies 
point out that ecological level factors are also important 
determinants.8 9 A recent systematic review reported that 
living in neighbourhoods with higher levels of walkability 
and green space was associated with lower diabetes risk, 
while higher levels of air pollution and traffic noise were 
associated with increased diabetes risk.8

In Ethiopia, a nationwide cross- sectional survey on 
NCDs was conducted in 2015 using the WHO STEPS 
survey approach.10 The report from this study and 
several other studies on the prevalence of hypertension 
and diabetes in Ethiopia documented prevalence esti-
mates by age groups, sex, residence (urban or rural) and 
region.11–13 However, the prevalence of both diseases is 
not spatially mapped for potential geographic clustering. 
Geospatial mapping of hypertension and diabetes at 
regional (subnational) and local levels will be important 
in many ways. It can help to investigate any spatial clus-
tering of these diseases and design targeted interventions 
for selected high- risk areas. In addition, it can be used as 
a resource for the whole community, health professionals, 
policy- makers and researchers to help bring about a 
better understanding of these diseases.14 Therefore, the 
aim of this study is to map the geospatial distribution of 
national, regional and local prevalence of hypertension 
and diabetes, and to quantify their relationship with 
ecological- level factors at the highest resolution level 
across all regions of Ethiopia.

METHODS
Study design and data sources
This study was conducted using an ecological study design 
where associations between dependent and independent 
variables were measured at area levels.

We used data from the 2015 Ethiopian NCD STEPS 
survey.15 The survey was carried out by the Ethiopian 
Public Health Institute in collaboration with the Ethio-
pian Federal Ministry of Health and the WHO. A detailed 
description of the survey is available elsewhere.10 It was 
the first nationally representative NCD survey conducted 
across all regions and city administrations of Ethiopia. 
The survey was conducted in 404 urban and 109 rural 
areas using a cluster sampling design. The WHO’s STEPS 
instrument was used to collect information from 9801 
study participants aged between 15 and 69 years.

Outcome variables
Biochemical measurements were used to assess the 
proportion of people who had diabetes and raised blood 
glucose.10 Blood pressure measurements were obtained 
three times on the right arm of survey participants in a 
sitting position, using a Boso- Medicus Uno instrument 
with a universal cuff and an automatic blood pressure 
monitor. The mean of three measurements was calcu-
lated for this analysis and high blood pressure was 
defined as a systolic blood pressure≥140 mm Hg and/or a 

diastolic blood pressure of ≥90 mm Hg or currently taking 
medication for high blood pressure.16 Participants were 
asked to fast for at least 8 hours and capillary blood was 
taken for glucose measurements using CardioCheck PA 
Analyser. Diabetes was defined as a fasting blood glucose 
level≥7.0 mmol/L (126 mg/dL) or if a participant is 
already taking medication to lower high blood glucose 
levels.

Independent variables
The independent variables include healthcare access, 
demographic, environmental and climatic factors. These 
ecological- level independent variables were selected 
based on evidence of association with hypertension and 
diabetes from previous studies and based on the avail-
ability of nationally representative data. We used different 
data sources for the independent variables. Population 
density (the number of people per grid cell) was obtained 
from the World Pop database.17 Climatic variables such as 
mean temperature and mean precipitation were obtained 
from the WorldClim database.18 Data on healthcare access 
(ie, travel times in minutes to the nearest health facility 
and travel time to the nearest city) were obtained from 
the Malaria Atlas Project.19 20 In addition, data on altitude 
and distance to the nearest water body were obtained 
from the Shuttle Radar Topography Mission21 22 and the 
Global Lakes and Wetlands Database,23 respectively. All 
these data were extracted at a spatial resolution of 1 km2. 
A polygon shapefile for the Ethiopian administrative 
boundaries was obtained from the Database for Global 
Administrative Areas.24 The data sources of the indepen-
dent variables with their definitions are provided in the 
online supplemental table S1.

Statistical analysis
The prevalence of hypertension and diabetes were 
calculated at national and regional levels. Since the 
independent variables have different units and scales of 
measurement with unknown threshold effects, they were 
standardised to a Z- scale based on their mean and SD. 
This method also helped with identifiability in the estima-
tion of the posterior distribution of the coefficients. All 
independent variables were tested for multicollinearity, 
and those variables with a variance inflation factor>5 were 
excluded from the geospatial model. The dependent vari-
ables, prevalence of hypertension and diabetes were geo- 
referenced and linked to the area- level covariates using 
ArcGIS (ESRI, Redlands, California, USA) geographical 
information system software.

Geospatial analysis
Geospatial analysis was carried out at the pixel level (ie, 
at a resolution of 1 km2) for both hypertension and 
diabetes, and their relationship with ecological level 
factors was quantified. Bayesian model- based geostatistics 
was constructed using covariate fixed effects and spatial 
random effects.25 Two models were constructed separately 
for hypertension and diabetes. Here, detailed modelling 
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steps are presented for the prevalence of hypertension, 
although a similar approach was employed for the preva-
lence of diabetes.

We modelled the number of hypertension cases ( Yj ) 
among a sample ( nj ) for a given observation as a binomial 
variable:  Yj ∼ Binomial

(
nj, pj

)
 . Mean predicted hyper-

tension prevalence was modelled via a logit link function 
to a linear predictor defined as:

 logit
(
pj
)

= α +
∑z

z=1 βzXz,j + ζj;  

 ;where α is the intercept, β is a matrix of covariate 
coefficients, X is a design matrix of z  covariates and  ζj  
are spatial random effects modelled using a zero- mean 
Gaussian Markov random field with a Matérn covariance 
function. The covariance function was defined by two 
parameters: the range  ρ , which represents the distance 
beyond which correlation becomes negligible, and σ , 
which is the marginal SD.26 27 Non- informative priors were 
used for α (uniform prior with bounds –∞ and ∞) and we 
set normal priors with mean=0 and precision (the inverse 
of variance)=1×10−4 for each β. We used default priors for 
the parameters of the spatial random field.28 Parameter 
estimation was done using the Integrated Nested Laplace 
Approximation (INLA) approach in R (R- INLA).26 27 
Sufficient values (ie, 150 000 samples) from each simula-
tion run for the variables of interest were stored to ensure 
full characterisation of the posterior distributions. The 
Widely Applicable Information Criterion (WAIC) statistic 
was used to select the best- fitting model (online supple-
mental table S2). The spatial prediction surfaces for 
both diseases were overlaid to determine areas of coen-
demicity. Similar modelling approaches have been used 
previously in several epidemiological studies to map the 
prevalence of diseases at local levels.29 30 The geospatial 

analysis and the descriptive analysis were conducted using 
R statistical software.

RESULTS
Prevalence of hypertension and diabetes at national and 
regional levels
Table 1 shows the observed prevalence of hypertension 
and diabetes at national and regional levels in Ethiopia. 
The national prevalence of hypertension and diabetes 
are estimated to be 19.2% (95% CI: 18.4% to 20.0%) and 
2.8% (95% CI: 2.4% to 3.1%), respectively. The highest 
prevalence of hypertension was observed in Addis Ababa 
(30.6%), followed by Southern Nations, Nationalities and 
People’s (SNNPR) (25.8%) and Amhara (19.7%) regions 
while Tigray (11.0%) and Afar (9.2%) regions reported 
the lowest prevalence. The highest prevalence of diabetes 
was observed in Somali (8.7%) region, followed by Harari 
(5.1%) and SNNPR (4.2%) regions, while Tigray (1.1%) 
and Benshangul- Gumuz (1.1%) regions reported the 
lowest prevalence of diabetes. Maps showing the preva-
lence of hypertension and diabetes mellitus at a local 
level are presented in figure 1.

Spatial clusters of hypertension and diabetes
Figure 2 shows the predicted prevalence of hypertension 
and diabetes in Ethiopia at a pixel level. The predicted 
prevalence of hypertension and diabetes varied consid-
erably between and within regions. Hypertension was 
spatially clustered, with the highest prevalence (ie, hotspot 
areas) in Addis Ababa, SNNPR and Amhara regions. As 
depicted in figure 2, the capital and regional cities of the 
country (eg, Addis Ababa, Harari, Hawassa and Bahir 
Dar) had the highest prevalence of hypertension, while 

Table 1 National and regional prevalence of hypertension and diabetes in Ethiopia, 2015

Regions

Hypertension Diabetes

Participants 
screened for 
hypertension, n

Participants 
diagnosed with 
hypertension, n

Hypertension 
prevalence (%)

Participants 
screened for 
diabetes, n

Participants 
diagnosed with 
diabetes, n

Diabetes 
prevalence 
(%)

Addis Ababa 788 241 30.6 672 24 3.6

Afar 382 35 9.2 337 12 3.6

Amhara 1814 358 19.7 1627 20 1.2

Benishangul- Gumuz 393 57 14.5 348 4 1.1

Dire Dawa 258 31 12.0 216 4 1.9

Gambela 274 42 15.3 256 4 1.6

Harari 209 33 15.8 176 9 5.1

Oromiya 2263 417 18.4 2092 40 1.9

SNNPR 1685 434 25.8 1586 67 4.2

Somali 612 98 16.0 540 47 8.7

Tigray 933 103 11.0 880 10 1.1

Ethiopia 9611 1849 19.2 8730 241 2.8

SNNPR, Southern Nations, Nationalities and People’s Region.
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the northern and eastern parts of the country had the 
lowest prevalence of hypertension.

High diabetes prevalence was observed in the eastern 
(eg, Afar and Somali) and southwestern (eg, SNNPR) 
parts of the country, in Addis Ababa and Hawassa cities 
(figure 2). In contrast, a low prevalence of diabetes was 
observed in the central parts of the country. The distri-
bution of covariates used in the models are presented in 
online supplemental figure S1. Prediction uncertainty, as 
indicated by a high SD, was greatest in the eastern parts of 
the country (Afar and Somali regions) for both diseases 
(online supplemental figure S2).

Spatial codistribution of hypertension and diabetes
The predicted prevalence maps (figure 3) showed 
that the prevalence of hypertension and diabetes was 

geographically clustered, and spatial overlap was observed 
in some parts of the country. For example, the burden 
of both diseases was high in SNNPR region and Addis 
Ababa. Geographical overlap of high hypertension and 
diabetes prevalence was also observed in Harari regional 
state.

Ecological level factors associated with hypertension and 
diabetes prevalence
Table 2 shows the results of the Bayesian geostatistical 
models. Population density (number of people/km2) was 
positively associated with hypertension (β: 0.015; 95% 
credible interval (CrI): 0.003–0.027) and diabetes (β: 
0.046; 95% CrI: 0.02–0.059) prevalence. Altitude in km 
was found to be negatively associated with diabetes prev-
alence (β: −0.374; 95% CrI: −0.711 to –0.044) (table 2). 

Figure 1 Maps showing the locations of survey and the prevalence of hypertension (HTN) and diabetes mellitus (DM) in 
Ethiopia.

Figure 2 The geospatial predicted prevalence of hypertension (HTN) and diabetes mellitus (DM) in Ethiopia.
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The WAIC value corresponding to different model spec-
ifications is available in the appendix (online supple-
mental table S2).

DISCUSSION
This study showed that the national prevalence of hyper-
tension and diabetes in Ethiopia was 19.2% and 2.8%, 
respectively. We found substantial variation in the preva-
lence of these diseases across the 11 geographical regions 

of Ethiopia. While a higher prevalence of hypertension 
was found in Addis Ababa, SNNPR and Amhara regions, 
the northern and eastern parts of the country had the 
lowest prevalence. High diabetes prevalence was observed 
in the eastern, and southwestern parts of the country, 
Addis Ababa and Hawassa. While population density was 
positively associated with both hypertension and diabetes 
prevalence, altitude was inversely associated with diabetes 
prevalence.

Figure 3 Predicted areas of codistribution for hypertension (HTN) and diabetes mellitus (DM). High prevalence is defined as a 
prevalence of more than the upper quartile.

Table 2 Regression coefficients (mean and 95% credible intervals (CrIs)) of factors included in a Bayesian spatial model with 
Binomial response for the prevalence of hypertension and diabetes in Ethiopia

Factors

Hypertension Diabetes

Regression coefficients
Mean (95% CrI)

Regression coefficients
Mean (95% CrI)

Precipitation 0.038 (−0.210 to 0.247) 0.047 (−0.379 to 0.534)

Altitude 0.065 (−0.080 to 0.209) −0.374 (−0.711 to –0.044)

Travel time to city 0.036 (−0.112 to 0.182) 0.115 (−0.234 to 0.446)

Population density 0.015 (0.003 to 0.027) 0.046 (0.020 to 0.069)

Distance to water body −0.004 (−0.065 to 0.057) −0.055 (−0.207 to 0.093)

Distance to nearest health facility −0.004 (−0.208 to 0.197) 0.105 (−0.260 to 0.463)

Intercept −1.731 (−1.970 to –1.493) −3.563 (−4.294 to –2.694)

Bold shows statistically significant value based on 95% Bayesian credible interval.
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Our findings on the prevalence of hypertension are 
consistent with findings reported by previous system-
atic reviews in Ethiopia (19.6%).31 32 However, this 
prevalence is lower compared with the overall African 
(57.0%)33 and the global average prevalence of hyper-
tension (31.1%).34 The prevalence of diabetes in 
Ethiopia was 2.8% (95% CI: 2.4% to 3.1%), which is 
similar to previous systematic review findings in Ethi-
opia (2.0% to 6.5%)35 36 and other African countries 
such as Sudan (2.6%)37 and Nigeria (3.0%),38 but 
lower than the global diabetes prevalence (9.3%).39 
Differences in population profile, socioeconomic, life-
style and culture could explain the dissimilarity in the 
prevalence of hypertension and diabetes between Ethi-
opia and other African countries.31 The prevalence of 
hypertension and diabetes in Ethiopia varied greatly at 
subnational and local levels, with a substantial portion 
of the population still at risk of developing these 
chronic diseases.

Clustering and risk factors of hypertension and diabetes
Substantial spatial variation was observed in both 
hypertension and diabetes at regional and local levels 
in Ethiopia. While there were hotspots of hypertension 
in Addis Ababa and the Amhara, Oromia, SNNPR and 
Benishangul- Gumuz regions, there was low hyperten-
sion prevalence in Afar and Tigray regions. Diabetes 
hotspots were generally observed in urban areas (eg, 
Addis Ababa and Harari) and peripheral and less devel-
oped regions (Somali and Afar regions). The regions 
with high diabetes prevalence are located in lowland 
areas in the eastern part of the country, bordering 
Somalia and Djibouti, characterised by low healthcare 
access, low socioeconomic index and pastoral habi-
tats.40 These demographic and geographic factors (ie, 
population density and altitude) were identified in our 
geospatial model as factors associated with diabetes 
prevalence and had been reported in previous studies 
as risk factors for diabetes.41–43

While previous studies conducted in other coun-
tries reported spatial clustering of hypertension and 
diabetes,29 44–46 the current study provided a novel 
insight into the spatial overlapping of the two diseases. 
For example, the spatial overlap of hypertension 
and diabetes prevalence was observed in major cities 
such as Addis Ababa, Hawassa and Harari, and some 
districts in SNNPR. Although there was overlap in 
the clustering of hypertension and diabetes in some 
parts of Ethiopia, this was not the case throughout the 
country. For instance, while high hypertension preva-
lence was mostly observed in central parts of Ethiopia, 
low diabetes prevalence was also seen in these parts of 
the country. These findings suggested that targeting 
service integration approaches that consider the 
profile of diseases at a local level would be more effec-
tive than nationwide service integration. Geograph-
ically targeted service integration may enhance the 
efficiency and cost- effectiveness of disease control 

programmes. Thus, mapping the codistribution of 
chronic diseases such as hypertension and diabetes 
would be a key step in strengthening integrated disease 
control programmes at primary healthcare levels.

Policy implications
The sustainable development goals specifies a target 
to reduce NCD mortality by a third by 2030 from the 
2015 levels.47 Health service integration has been 
recommended by the WHO as one strategy to achieve 
this ambitious target. Integration of hypertension and 
diabetes services and their preventive programmes 
has been implemented in many resource- limited 
countries.48 Ethiopia has implemented an Integrated 
Disease Surveillance and Response (IDSR) strategy 
since 1996.49 This has made a significant contribution 
to the prevention of NCDs including hypertension and 
diabetes by filling the gaps observed in vertical disease 
control programmes.50 Our findings supplemented the 
need for targeted IDSR strategy based on local disease 
profile.

While this study presented the spatial distribution 
of both hypertension and diabetes in Ethiopia for the 
first time, the finding should be interpreted cautiously 
considering potential limitations of the study. First, 
we used data collected in 2015, so our results may 
not reflect the current prevalence of hypertension 
and diabetes in Ethiopia. However, we believe the 
results reflect the spatial variation of hypertension and 
diabetes distribution (derived from ecological- level 
risk factors) and inform future research to consider 
the complex ecological natures of hypertension and 
diabetes. In addition, diabetes was diagnosed using 
fasting blood glucose values or those taking antidi-
abetic medications. As, such, the true prevalence of 
diabetes could be underestimated given oral glucose 
tolerance test was not available.51 Second, our model 
did not include potential cofounding variables such as 
healthcare seeking behaviour of people, food diversity 
and burden of comorbidities such as cancer and HIV 
that might better explain spatial variation, as these 
variables were not available in our dataset. Third, due 
to the cross- sectional nature of our data, we could not 
prove that the inverse association between altitude 
and diabetes prevalence reflects causality—suggesting 
the need for additional studies to further investigate 
this association. Lastly, the survey conducted was not 
designed for the specific purpose of spatial analysis, 
and we observed high uncertainty in the predictions 
where data were spatially sparse, particularly in the 
Somali and Afar regions where the spatial predictions 
were likely to be less reliable. Therefore, conducting 
population surveys in parts of the country where data 
is spatially sparse would help to assess the spatial vari-
ability of hypertension and diabetes prevalence and 
the extent of areas at risk in Ethiopia. To assist cautious 
interpretation of findings, we have presented the 
uncertainty maps using a SD, in addition to the mean 
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predictive prevalence maps (online supplemental 
figure S2).

CONCLUSION
This study demonstrated that the national prevalence 
of hypertension and diabetes was high and substantially 
varied at subnational and local levels. Spatial overlap of 
hypertension and diabetes prevalence was observed in 
some parts of the country, with a high prevalence of both 
diseases observed in major cities such as Addis Ababa, 
Hawassa and Harari. The spatial clustering of hyperten-
sion and diabetes was associated with ecological level 
factors such as population density and altitude. These 
findings may guide policy- makers to design geographi-
cally targeted and integrated NCDs control programmes 
to achieve maximum impact. We recommend further 
research incorporating social, economic and programme 
characteristics both at national and subnational levels.

Author affiliations
1Centre for Epidemiology and Biostatistics, Melbourne School of Population and 
Global Health, The University of Melbourne, Melbourne, Victoria, Australia
2Methods and Implementation Support for Clinical and Health research Hub 
(MISCH), Faculty of Medicine, Dentistry and Health Sciences, University of 
Melbourne, Melbourne, Victoria, Australia
3College of Medicine and Public Health, Flinders University, Adelaide, South 
Australia, Australia
4Telethon Kids Institute, Nedlands, Western Australia, Australia
5School of Population Health, Curtin University, Perth, Western Australia, Australia
6Planetary Health Division, School of Public Health and Preventive Medicine, 
Monash University, Melbourne, Victoria, Australia
7Ngangk Yira Institute for Change, Murdoch University, Murdoch, Western Australia, 
Australia
8School of Rural Medicine, University of New England, Armidale, New South Wales, 
Australia
9Division of Pharmacy, School of Allied Health, The University of Western Australia, 
Perth, Western Australia, Australia
10Centre for Applied Health Economics, Griffith University, Nathan, Queensland, 
Australia
11School of Public Health, Mekelle University, Mekelle, Ethiopia
12Institute of Health Transformation, Deakin University, Melbourne, Victoria, Australia
13Research Centre for Public Health, Equity and Human Flourishing, Torrens 
University Australia, Adelaide, South Australia, Australia
14Centre for Quality and Patient Safety Research, School of Nursing and Midwifery, 
Institute for Health Transformation, Deakin University, Burwood, Victoria, Australia
15College of Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia
16Menzies Health Research Institute, Charles Darwin University, Darwin, Northern 
Territory, Australia

Twitter Digsu Negese Koye @DigsuKoye and Hailay Abrha Gesesew @Gesesew

Acknowledgements The authors are grateful to the Ethiopian Public Health 
Institute for providing access to the data, Australian Based Ethiopian Researcher 
Network for organising this research team and facilitating the data request and 
Curtin University for ethical approval. The authors also would like to thank A/
Professor Yohannes Kinfu from the University of Canberra, Australia, for his 
comments and inputs to the manuscript.

Contributors DNK, KAA, BZ, YAM and YAG conceptualised the study and developed 
the protocol. DNNK, KAA, YAM, YAG and AAA processed the ethics application. 
DNK cleaned the data and produced summary data for KAA to design and run the 
geospatial analysis. DNNK, YAM and KAA drafted the manuscript. DNK, YAM, YAG, 
BZ, AAA, HGT, EAG, DAE, FHT, HG, AM, AFD and KAA critically reviewed and edited 
the manuscript and approved the final version to be submitted. DNK and KAA are 
responsible for the overall content as the guarantors.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Map disclaimer The inclusion of any map (including the depiction of any 
boundaries therein), or of any geographic or locational reference, does not imply 
the expression of any opinion whatsoever on the part of BMJ concerning the legal 
status of any country, territory, jurisdiction or area or of its authorities. Any such 
expression remains solely that of the relevant source and is not endorsed by BMJ. 
Maps are provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved 
by human research ethics committee of Curtin University (HRE2020- 0477). 
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The 
survey data used and/or analysed in the current study are available from the 
Ethiopian Public Health Institute on reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Digsu Negese Koye http://orcid.org/0000-0002-8442-3048
Yohannes Adama Melaku http://orcid.org/0000-0002-3051-7313
Akilew Awoke Adane http://orcid.org/0000-0002-3022-5230
Eyob Alemayehu Gebreyohannes http://orcid.org/0000-0002-0075-4553
Hailay Abrha Gesesew http://orcid.org/0000-0002-3531-4400
Abel Fekadu Dadi http://orcid.org/0000-0001-9967-7713
Kefyalew Addis Alene http://orcid.org/0000-0002-1904-4682

REFERENCES
 1 Bigna JJ, Noubiap JJ. The rising burden of non- communicable 

diseases in sub- Saharan Africa. Lancet Glob Health 2019;7:e1295–6.
 2 Islam SMS, Purnat TD, Phuong NTA, et al. Non‐communicable 

diseases (NCDs) in developing countries: a symposium report. Global 
Health 2014;10:1–8.

 3 Bygbjerg IC. Double burden of noncommunicable and infectious 
diseases in developing countries. Science 2012;337:1499–501.

 4 Mackay J, Mensah GA, Greenlund K. The atlas of heart disease and 
stroke. World Health Organization, 2004.

 5 Sarki AM, Nduka CU, Stranges S, et al. Prevalence of hypertension 
in low- and middle- income countries: a systematic review and meta- 
analysis. Medicine 2015;94:e1959.

 6 Ettehad D, Emdin CA, Kiran A, et al. Blood pressure lowering for 
prevention of cardiovascular disease and death: a systematic review 
and meta- analysis. The Lancet 2016;387:957–67.

 7 Corriere M, Rooparinesingh N, Kalyani RR. Epidemiology of diabetes 
and diabetes complications in the elderly: an emerging public health 
burden. Curr Diab Rep 2013;13:805–13.

 8 Dendup T, Feng X, Clingan S, et al. Environmental risk factors for 
developing type 2 diabetes mellitus: a systematic review. Int J 
Environ Res Public Health 2018;15:78.

 9 Basner M, Riggs DW, Conklin DJ. Environmental determinants of 
hypertension and diabetes mellitus: sounding off about the effects of 
noise. J Am Heart Assoc 2020;9:e016048.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065318 on 8 D

ecem
ber 2022. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2022-065318
https://dx.doi.org/10.1136/bmjopen-2022-065318
https://twitter.com/DigsuKoye
https://twitter.com/Gesesew
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8442-3048
http://orcid.org/0000-0002-3051-7313
http://orcid.org/0000-0002-3022-5230
http://orcid.org/0000-0002-0075-4553
http://orcid.org/0000-0002-3531-4400
http://orcid.org/0000-0001-9967-7713
http://orcid.org/0000-0002-1904-4682
http://dx.doi.org/10.1016/S2214-109X(19)30370-5
http://dx.doi.org/10.1186/s12992-014-0081-9
http://dx.doi.org/10.1186/s12992-014-0081-9
http://dx.doi.org/10.1126/science.1223466
http://dx.doi.org/10.1097/MD.0000000000001959
http://dx.doi.org/10.1016/S0140-6736(15)01225-8
http://dx.doi.org/10.1007/s11892-013-0425-5
http://dx.doi.org/10.3390/ijerph15010078
http://dx.doi.org/10.3390/ijerph15010078
http://dx.doi.org/10.1161/JAHA.120.016048
http://bmjopen.bmj.com/


8 Koye DN, et al. BMJ Open 2022;12:e065318. doi:10.1136/bmjopen-2022-065318

Open access 

 10 Gebreyes YF, Goshu DY, Geletew TK, et al. Prevalence of high 
bloodpressure, hyperglycemia, dyslipidemia, metabolic syndrome 
and their determinants in Ethiopia: evidences from the National 
NCDS steps survey, 2015. PLoS One 2018;13:e0194819.

 11 Angaw K, Dadi AF, Alene KA. Prevalence of hypertension among 
federal Ministry civil servants in Addis Ababa, Ethiopia: a call for a 
workplace- screening program. BMC Cardiovasc Disord 2015;15:1–6.

 12 Tesfaye B, Alebel A, Gebrie A, et al. Diabetes mellitus and its 
association with hypertension in Ethiopia: a systematic review and 
meta- analysis. Diabetes Res Clin Pract 2019;156:107838.

 13 Zeru MA, Tesfa E, Mitiku AA, et al. Prevalence and risk factors of 
type- 2 diabetes mellitus in Ethiopia: systematic review and meta- 
analysis. Sci Rep 2021;11:21733.

 14 Miranda JJ, Kinra S, Casas JP, et al. Non- communicable diseases in 
low- and middle- income countries: context, determinants and health 
policy. Trop Med Int Health 2008;13:1225–34.

 15 WHO EF. Ethiopia STEPS report on risk factors for non- 
communicable diseaes and prevalence of selected NCDs. Addis 
Ababa: Ethiopia Public Health Institute, 2016.

 16 Flack JM, Adekola B. Blood pressure and the new ACC/AHA 
hypertension guidelines. Trends Cardiovasc Med 2020;30:160–4.

 17 WorldPop TAJ. Open data for spatial demography. Scientific data 
2017;4:1–4.

 18 Fick SE, Hijmans RJ. WorldClim 2: new 1‐km spatial resolution 
climate surfaces for global land areas. International Journal of 
Climatology 2017;37:4302–15.

 19 Weiss DJ, Nelson A, Vargas- Ruiz CA, et al. Global maps of travel 
time to healthcare facilities. Nat Med 2020;26:1835–8.

 20 Weiss DJ, Nelson A, Gibson HS, et al. A global map of travel time 
to cities to assess inequalities in accessibility in 2015. Nature 
2018;553:333–6.

 21 Farr TG, Kobrick M. Shuttle radar topography mission produces 
a wealth of data. Eos, Transactions American Geophysical Union 
2000;81:583–5.

 22 van Zyl JJ. The shuttle radar topography mission (SRTM): a 
breakthrough in remote sensing of topography. Acta Astronaut 
2001;48:559–65.

 23 Lehner B, Döll P. Global lakes and wetlands database glwd. GLWD 
Docu mentation, 2004.

 24 Areas GA. GADM database of global administrative areas. Global 
Administrative Areas, 2012.

 25 Diggle PJ, Tawn JA, Moyeed R. Model‐based geostatistics. Journal 
of the Royal Statistical Society: Series C 1998;47:299–350.

 26 Rue H, Martino S, Chopin N. Approximate Bayesian inference 
for latent Gaussian models by using integrated nested Laplace 
approximations. Journal of the Royal Statistical Society: Series B 
2009;71:319–92.

 27 Lindgren F, Rue H, Lindström J. An explicit link between Gaussian 
fields and Gaussian Markov random fields: the stochastic partial 
differential equation approach. Journal of the Royal Statistical 
Society: Series B 2011;73:423–98.

 28 Fuglstad G- A, Simpson D, Lindgren F, et al. Constructing priors that 
penalize the complexity of Gaussian random fields. J Am Stat Assoc 
2019;114:445–52.

 29 Roy PK, Khan MHR, Akter T, et al. Exploring socio- demographic- and 
geographical- variations in prevalence of diabetes and hypertension 
in Bangladesh: Bayesian spatial analysis of national health survey 
data. Spat Spatiotemporal Epidemiol 2019;29:71–83.

 30 Local Burden of Disease Vaccine Coverage Collaborators. Mapping 
routine measles vaccination in low- and middle- income countries. 
Nature 2021;589:415–9.

 31 Kibret KT, Mesfin YM. Prevalence of hypertension in Ethiopia: a 
systematic meta- analysis. Public Health Rev 2015;36:1–12.

 32 Legese N, Tadiwos Y. Epidemiology of Hypertension in Ethiopia: 
A Systematic Review. Integrated blood pressure control 
2020;13:135–43.

 33 Bosu WK, Reilly ST, Aheto JMK, et al. Hypertension in older 
adults in Africa: a systematic review and meta- analysis. PLoS One 
2019;14:e0214934.

 34 Mills KT, Stefanescu A, He J. The global epidemiology of 
hypertension. Nat Rev Nephrol 2020;16:223–37.

 35 Bishu KG, Jenkins C, Yebyo HG, et al. Diabetes in Ethiopia: a 
systematic review of prevalence, risk factors, complications, and 
cost. Obes Med 2019;15:100132.

 36 Nigatu T. Epidemiology, complications and management of diabetes 
in Ethiopia: a systematic review. J Diabetes 2012;4:174–80.

 37 Bos M, Agyemang C. Prevalence and complications of diabetes 
mellitus in northern Africa, a systematic review. BMC Public Health 
2013;13:1–7.

 38 Uloko AE, Musa BM, Ramalan MA, et al. Prevalence and risk factors 
for diabetes mellitus in Nigeria: a systematic review and meta- 
analysis. Diabetes Therapy 2018;9:1307–16.

 39 Williams R, Karuranga S, Malanda B, et al. Global and regional 
estimates and projections of diabetes- related health expenditure: 
results from the International diabetes Federation diabetes atlas, 9th 
edition. Diabetes Res Clin Pract 2020;162:108072.

 40 Alene KA, Gelaw YA, Fetene DM, et al. COVID- 19 in Ethiopia: a 
geospatial analysis of vulnerability to infection, case severity and 
death. BMJ Open 2021;11:e044606.

 41 Woolcott OO, Castillo OA, Gutierrez C, et al. Inverse association 
between diabetes and altitude: a cross- sectional study in the adult 
population of the United States. Obesity 2014;22:2080–90.

 42 Voss JD, Masuoka P, Webber BJ, et al. Association of elevation, 
urbanization and ambient temperature with obesity prevalence in the 
United States. Int J Obes 2013;37:1407–12.

 43 Lopez- Pascual A, Arévalo J, Martínez JA, et al. Inverse association 
between metabolic syndrome and altitude: a cross- sectional study in 
an adult population of Ecuador. Front Endocrinol 2018;9:658.

 44 IEEE. Spatial characterization of hypertension clusters using a rural 
Australian clinical database. Computing in Cardiology (CinC), 2017.

 45 Yin M, Augustin B, Fu Z, et al. Geographic distributions in 
hypertension diagnosis, measurement, prevalence, awareness, 
treatment and control rates among middle- aged and older adults in 
China. Sci Rep 2016;6:1–11.

 46 Laohasiriwong W, Puttanapong N, Singsalasang A. Prevalence of 
hypertension in Thailand: hotspot clustering detected by spatial 
analysis. Geospat Health 2018;13.

 47 Countdown N. NCD countdown 2030: pathways to achieving 
sustainable development goal target 3.4. The Lancet;2020.

 48 Rohwer A, Uwimana Nicol J, Toews I, et al. Effects ffects of 
integrated models of care for diabetes and hypertension in low- 
income and middle- income countries: a systematic review and meta- 
analysis. BMJ Open 2021;11:e043705.

 49 WHO. Update: integrated diseases surveillance and response 
implementation in Ethiopia. Addis Ababa, 2005.

 50 Phalkey RK, Yamamoto S, Awate P, et al. Challenges with the 
implementation of an integrated disease surveillance and response 
(IDSR) system: systematic review of the lessons learned. Health 
Policy Plan 2015;30:131–43.

 51 Jagannathan R, Neves JS, Dorcely B, et al. The Oral Glucose 
Tolerance Test: 100 Years Later. Diabetes, metabolic syndrome and 
obesity : targets and therapy 2020;13:3787–805.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065318 on 8 D

ecem
ber 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1371/journal.pone.0194819
http://dx.doi.org/10.1186/s12872-015-0062-9
http://dx.doi.org/10.1016/j.diabres.2019.107838
http://dx.doi.org/10.1038/s41598-021-01256-9
http://dx.doi.org/10.1111/j.1365-3156.2008.02116.x
http://dx.doi.org/10.1016/j.tcm.2019.05.003
http://dx.doi.org/10.1002/joc.5086
http://dx.doi.org/10.1002/joc.5086
http://dx.doi.org/10.1038/s41591-020-1059-1
http://dx.doi.org/10.1038/nature25181
http://dx.doi.org/10.1029/EO081i048p00583
http://dx.doi.org/10.1016/S0094-5765(01)00020-0
http://dx.doi.org/10.1111/j.1467-9868.2008.00700.x
http://dx.doi.org/10.1111/j.1467-9868.2011.00777.x
http://dx.doi.org/10.1111/j.1467-9868.2011.00777.x
http://dx.doi.org/10.1080/01621459.2017.1415907
http://dx.doi.org/10.1016/j.sste.2019.03.003
http://dx.doi.org/10.1038/s41586-020-03043-4
http://dx.doi.org/10.1186/s40985-015-0014-z
http://dx.doi.org/10.2147/IBPC.S276089
http://dx.doi.org/10.1371/journal.pone.0214934
http://dx.doi.org/10.1038/s41581-019-0244-2
http://dx.doi.org/10.1016/j.obmed.2019.100132
http://dx.doi.org/10.1111/j.1753-0407.2011.00181.x
http://dx.doi.org/10.1186/1471-2458-13-387
http://dx.doi.org/10.1007/s13300-018-0441-1
http://dx.doi.org/10.1016/j.diabres.2020.108072
http://dx.doi.org/10.1136/bmjopen-2020-044606
http://dx.doi.org/10.1002/oby.20800
http://dx.doi.org/10.1038/ijo.2013.5
http://dx.doi.org/10.3389/fendo.2018.00658
http://dx.doi.org/10.1038/srep37020
http://dx.doi.org/10.4081/gh.2018.608
http://dx.doi.org/10.1136/bmjopen-2020-043705
http://dx.doi.org/10.1093/heapol/czt097
http://dx.doi.org/10.1093/heapol/czt097
http://dx.doi.org/10.2147/DMSO.S246062
http://dx.doi.org/10.2147/DMSO.S246062
http://bmjopen.bmj.com/

	Mapping national, regional and local prevalence of hypertension and diabetes in Ethiopia using geospatial analysis
	Abstract
	Introduction
	Methods
	Study design and data sources
	Outcome variables
	Independent variables
	Statistical analysis
	Geospatial analysis

	Results
	Prevalence of hypertension and diabetes at national and regional levels
	Spatial clusters of hypertension and diabetes
	Spatial codistribution of hypertension and diabetes
	Ecological level factors associated with hypertension and diabetes prevalence

	Discussion
	Clustering and risk factors of hypertension and diabetes
	Policy implications

	Conclusion
	References


