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Abstract

The objective of our study was to reanalyse the Ethiopia STEPwise approach to

Surveillance Noncommunicable Disease Risk Factors survey (NCD STEPS), using causal

path diagrams constructed using expert subject matter knowledge in conjunction with

graphical model theory to map the underlying causal network of modifiable factors

associated with prediabetes/diabetes and hypertension. We used data from the 2015

Ethiopia NCD STEPS representative cross‐sectional survey (males; n = 3977 and

females; n = 5823 aged 15–69 years) and performed directed acyclic graph‐informed

logistic regression analyses. In both sexes, a 1‐unit higher in body mass index (BMI) and

waist circumference (WC) were positively associated with prediabetes/diabetes (BMI:

males: adjusted odds ratio [aOR]: 1.07 [95% confidence interval: 1.0, 1.1], females aOR:

1.03 [1.0, 1.1]; WC: males: aOR: 1.1 [0.9, 1.2], females: aOR: 1.2 [1.1, 1.3]) and

hypertension (BMI: males: aOR: 1.2 [1.1, 1.2], females aOR: 1.1 [1.0, 1.1]; WC: males:

aOR: 1.6 [1.4, 1.8], females: aOR: 1.3 [1.2, 1.5]). Although residing in urban settings was

associated with higher odds of hypertension in both males (aOR: 1.79 [1.49, 2.16]) and

females (aOR: 1.70 [1.49, 1.95]), it was only associated with prediabetes/diabetes in

males (aOR: 1.56 [1.25, 1.96]). Males and females in pastoralist areas had lower odds of

prediabetes/diabetes compared with their agrarian counterparts (males: aOR: 0.27

[0.14, 0.52], females: aOR: 0.31 [0.16, 0.58]). Physical activity was associated with lower

odds of prediabetes/diabetes among females (aOR: 0.75 [0.58, 0.97]). Other diet‐

related modifiable factors such as consumption of fruit and vegetable, alcohol or salt

were not associated with either prediabetes/diabetes or hypertension. Our findings

highlight the need to implement interventions that prevent overweight/obesity and

nutrition‐related NCDs, particularly in urban areas.
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1 | INTRODUCTION

Noncommunicable diseases (NCDs) are the leading causes of

mortality among adults globally and account for 70% of all global

deaths annually (Institute for Health Metrics and Evaluation, 2019).

The public health burden of NCDs is increasing in low‐ and middle‐

income countries (LMICs), with individuals facing a substantially

higher risk of premature NCD death compared with high‐income

countries (Allen et al., 2017). Diabetes, defined as fasting blood

glucose > 126mg/dl (7.0 mmol/L; World Health Organization [WHO]

& International Diabetes Federation, 2006), is one of the most

prevalent nutrition‐related NCDs (NR‐NCDs) globally, with the

incidence of diabetes increasing from 11.3 million in 1990 to 22.9

million in 2017 (Lin et al., 2020). The largest increase was seen in

LMICs (Lin et al., 2020). Additionally, prediabetes (fasting blood

glucose: 100–125mg/dl; American Diabetes Association, 2021),

increases predisposition to future progression into diabetes and is

associated with higher risk of diabetic complications (Hostalek, 2019).

Hypertension is another major contributor to the growing burden on

NR‐NCDs globally; 1.13 billion people worldwide have hypertension

(WHO, 2021a) with Africa displaying the highest prevalence (27%;

WHO, 2021a).

In Ethiopia, the nutrition transition (i.e., the substitution of

traditional plant‐based diets with increased intakes of animal

products, saturated fats and processed foods, alongside reduced

intake of fibres and increased time spent sedentary) has contributed

to an increased prevalence of overweight, obesity and associated NR‐

NCDs such as hypertension and diabetes in the past decade (Central

Statistical Agency and ICF, 2016; Central Statistical Authority

Ethiopia and ORC Macro, 2001; Ethiopian Public Health Institute

(EPHI), Federal Ministry of Health, and WHO, 2016; Gebreyes

et al., 2018; Misganaw et al., 2014). The diet transformation between

1996 and 2011 in Ethiopia has been documented recently (Worku

et al., 2017). This shift has occurred alongside improvements in access

to health services, which has seen NR‐NCDs replace communicable

diseases as the leading causes of mortality in Ethiopia. For example,

cardiovascular diseases were the second leading causes of mortality in

Ethiopia in 2019 (Institute for Health Metrics and Evaluation, 2019). In

response to the increasing burden of NR‐NCDs, the Ethiopian

Government designed the national strategic action plan (NSAP) for

the prevention and control of NCDs in 2014 (Federal Democratic

Republic of Ethiopia: Ministry of Health, 2014). The main priority areas

for action include health promotion and disease prevention to address

behavioural risk factors and comprehensive NCD treatment, care and

support (Federal Democratic Republic of Ethiopia: Ministry of

Health, 2014). The importance of tackling NCDs for sustainable

development was also emphasized in the Sustainable Development

Goals (SDGs), which aim to reduce premature deaths from NCDs by a

third by 2030 (SDG3; United Nations, n.d.). Accordingly, if progress is to

be made in achieving the NCD‐related SDGs and the targets set out in

the NSAP, then an understanding of the modifiable metabolic and

behavioural factors associated with NR‐NCDs is critical so that priority

interventions and target groups can be identified.

Gebreyes et al. (2018) used data from the most recently

conducted nationally representative survey (WHO NCD STEPwise

approach to Surveillance [STEPS] survey) in Ethiopia, to identify risk

factors for a number of NR‐NCDS, including dyslipidaemia, high

blood pressure and hyperglycaemia. However, the identification of

risk factors and covariates used to address confounding was based on

the attainment of a prespecified level of significance (p < 0.05) in

univariate analyses, with no consideration of the underlying causal

network underpinning these associations. This approach is likely to

have introduced bias into the estimates of the association between

identified risk factors and the outcomes.

Accordingly, the aim of this study was to re‐analyse the WHO

NCD STEPS survey using causal path diagrams derived using

expert subject matter knowledge and graphical model theory to

map the underlying causal network and thus identify a more

conceptually appropriate set of modifiable factors associated with

prediabetes/diabetes and hypertension among males and females

in Ethiopia.

2 | METHODS

2.1 | Sample

We used data from 3977 males and 5823 females participating in the

Ethiopian STEPS. The STEPS has been described elsewhere

(WHO, 2021b), including details regarding the sample size determi-

nation, the sampling procedure, and data collection and management

protocols. In brief, the Ethiopian STEPS survey was conducted in

2015 and followed the WHO STEPwise approach to surveillance for

the identification of risk factors for NCDs in a nationally representa-

tive sample. The target population for the Ethiopian STEPS survey

included all males and females aged 15–69 years, who had lived at

their current place of residence for at least 6 months. A total of 513

Enumeration Areas (EAs) were covered nationwide, of which 404 were

Key messages

• Body mass index and waist circumference were posi-

tively associated with hypertension and prediabetes/

diabetes for both sexes. Residing in urban settings was

associated with increased odds of hypertension in both

sexes, and with prediabetes/diabetes in males. Physical

activity was associated with lower odds of prediabetes/

diabetes among women.

• Diet‐related factors (consumption of fruit and vegeta-

bles, alcohol, and salt) were not associated with either

hypertension or prediabetes/diabetes.

• There is a need for longitudinal, nationally representative

dietary surveys, which enable the derivation of relevant

indicators of the nutrition transition in Ethiopia.
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rural and 109 were urban. Twenty households (HHs) per EA were

selected using systematic random sampling and one eligible individual

from each HH was selected using the Kish method (a random selection

of eligible individuals at HH level; Kish, 1949). The STEPS survey

collected information on five main NCD risk factors, namely tobacco

use, alcohol consumption, diet, physical activity and history of chronic

disease. Additionally, blood pressure and body size measurements were

taken. Blood pressure, in a sitting position, was measured three times on

the right arm using an automatic digital sphygmomanometer (Boso‐

Medicus Uno, BOSCH+ SOHN). Systolic (SBP) and diastolic blood

pressure (DBP) were recorded and the mean of the three measurements

was used for analysis. Height and weight were measured with the

electronic Growth Management Scale. Waist circumference (WC) was

measured by placing a tape measure around the abdomen at the

midpoint between the lower margin of the last rib and the top of iliac

crest of the hip bone (further details can be found in Supporting

Information 2). Venous blood sampling was conducted and cardiometa-

bolic biomarkers were obtained (e.g., blood glucose and blood lipids).

Fasting blood glucose, total cholesterol and high‐density lipoprotein

cholesterol levels were measured using a CardioCheck PA Analyzer.

Fasting triglyceride levels were measured using Cobas Integra 400 Plus

(Roche Diagnostics GmbH) clinical chemistry analyzer.

The NCD STEP protocol was reviewed and approved by Institution

Review Board of EPHI and National Ethics Review Committee of

Ministry of Science and Technology. Informed consent was obtained

from each participant and consent obtained from parents and guardians

for those participants between age 15 and 17 years. For this secondary

analysis of data, ethical approval was not required.

2.2 | Outcomes

The outcome variables were prediabetes/diabetes and hypertension.

Prediabetes/diabetes was defined as fasting blood glucose > 100mg/dl

(5.6mmol/L; American Diabetes Association, 2021; WHO & Interna-

tional Diabetes Federation, 2006) or currently taking any medication,

such as insulin, prescribed for diabetes. Hypertension was defined as

SBP ≥ 140mmHg and/or DBP ≥ 90mmHg (Unger et al., 2020) or

currently taking medication for raised blood pressure or hypertension.

2.3 | Exposure

To identify nutritional, behavioural and socioeconomic factors

previously associated with obesity, prediabetes/diabetes and

hypertension in Sub‐Saharan Africa, we conducted a systematic

literature review. We included studies that were conducted on

adult males and females. The inclusion and exclusion criteria,

search strategy and the search log are included in the Supporting

Information 1. After screening, 750 studies were identified, from

which we extracted data regarding variables associated with

prediabetes/diabetes and hypertension (and relevant covariates).

Modifiable factors included fruit and vegetable intake, urban

residence, educational attainment, occupation: nonagricultural

work, income, alcohol intake, khat chewing, smoking, salt intake,

physical activity and livelihood (pastoralist). A description of the

exposures and covariates included in the NCD STEPS analysis are

included in Supporting Information 2.

2.4 | Statistical analysis

Using these variables, a provisional causal path diagram was constructed

to visualize the relationships between factors, outcomes and covariates.

This preliminary causal path diagramwas then used to facilitate discussion

during a consultation with experts (n=14) from the fields of nutrition,

NCD epidemiology and public health. Using the expert knowledge, a

formal causal path diagram was produced, which was used to inform the

model‐building process of the statistical analysis. Our causal path

diagrams, or ‘directed acyclic graphs’ (DAGs) were constructed using

the open‐access software, DAGitty version 3.0 (Textor et al., 2016),

which enables the creation of a DAG in a robust, systematic and

reproducible manner. Briefly, DAGitty employs graphical model theory to

search for covariate sets that qualify as ‘adjustment sets’, which, upon

adjusting for, remove all confounding from the specified DAG. Using this

overall DAG, a DAGwas produced for each separate exposure of interest

in relation to each of the outcome variables, resulting in the construction

of a series of exposure‐outcome‐specific multivariable regression models.

The overall DAG from which each specific exposure‐outcome DAG

stemmed is shown in Supporting Information 3.

As it has been shown that associations between a number

covariates and hypertension and prediabetes/diabetes may differ

between the sexes (Choi et al., 2017; Everett & Zajacova, 2015;

Ghosh et al., 2016; Kautzky‐Willer et al., 2016; McKenzie et al., 2020;

Meisinger et al., 2002; Njølstad et al., 1998), an a priori decision was

made to stratify the analysis by sex.

Estimates of prevalence were calculated with the appropriate

sampling weights applied to account for the sampling procedure;

however, for inferential statistics, no weighting was applied.

Multivariable logistic regression models based on those with

complete data for exposure, outcome and covariates (i.e., complete

case analyses), were used to investigate the association between

each modifiable factor and hypertension and separately, prediabetes/

diabetes. Associations were reported as adjusted odds ratios (aOR)

and their 95% confidence intervals (CIs). Adjustment sets for each

modifiable factor were identified using the DAGs constructed for

each of the outcomes, with adjustment sets being specific for each

exposure‐outcome model. Data management and statistical analysis

were conducted in Stata Version 16.1.

3 | RESULTS

Descriptive characteristics of the sample included, stratified by sex,

are shown inTable 1. The mean age of males and females included in

the analysis was 31 years (SD: 13 and 12 years, respectively).
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The prevalence of prediabetes/diabetes and hypertension in males

and females, respectively, was 11.2% and 11.3%, and 17.2% and

17.6%, respectively. The prevalence of overweight/obesity was twice

as higher in females than in males, at 8.6% and 4.3%, respectively.

3.1 | Associations between modifiable risk factors
and prediabetes/diabetes

A 1 kg/m2 higher body mass index (BMI) was positively associated with

prediabetes/diabetes in both males (aOR: 1.07 [95% CI: 1.0, 1.1]) and

females (aOR: 1.03 [95% CI: 1.0, 1.1]; Figure 1). A 1 cm larger WC was

associated with 10% (aOR: 1.1 [95% CI: 0.9, 1.2]) and 19% (aOR: 1.2

[95% CI: 1.1, 1.3]) higher odds of prediabetes/diabetes in males and

females, respectively. Females who were engaged in nonagricultural

work had higher odds of prediabetes/diabetes compared to agricultural

workers (aOR: 1.4 [95% CI: 1.1, 1.8]). Residing in an urban setting

(vs. rural) was positively associated with prediabetes/diabetes in males

only (aOR: 1.6 [95% CI: 1.2, 2.0]). In contrast, pastoralist males (aOR: 0.3

[95% CI: 0.1, 0.5]) and females (aOR: 0.3 [95% CI: 0.2, 0.6]) had lower

odds of prediabetes/diabetes compared with their agrarian counter-

parts. A 1‐year higher educational attainment level was associated with

marginally lower odds of prediabetes/diabetes among females (aOR:

0.98 [95% CI: 0.95, 0.99]) and males (aOR: 0.96 [95% CI: 0.95, 0.99]).

Females, but not males, who met WHO recommendations for physical

activity (>150min/week) had lower odds of prediabetes/diabetes (aOR:

0.8 [95% CI: 0.6, 1.0]).

3.2 | Associations between modifiable risk factors
and hypertension

BMI, WC and residing in an urban setting (vs. rural) were positively

associated with hypertension in both males and females (Figure 2).

TABLE 1 Sample characteristics (n = 9800)a

Missing, n (%) Males (n = 3977) Females (n = 5823)

Age (years) – 31.4 (13.4) 30.6 (12.1)

Prediabetes and diabetes (yes) 1011 (10.3) 11.2 11.3

Hypertension (yes) 126 (1.3) 17.2 17.6

Overweight/obesity (yes) 523 (5.3) 4.3 8.6

Urban residence (yes) – 15.6 23.3

Fruit intake: five or more servings per
day (yes)

– 4.7 5.2

Vegetable intake: five or more servings
per day (yes)

– 7.4 6.4

Education (years) 1 (0.01) 5 (4) 3 (4)

Occupation: nonagricultural worker (yes) 6 (0.1) 38.4 69.9

Income >30,000 birr (yes) 1683 (17.2) 8.4 7.1

Consumed alcohol in past 12
month (yes)

23 (0.2) 90.7 87.9

Currently smoke (yes) 4 (0.04) 0.4 7.3

Livelihood: pastoralist (yes) – 1.7 1.5

Salt intake > 5 g/day (yes) 1714 (17.5) 97.1 96.3

Physical activity > 150min/week (yes) – 94.7 91.1

Ever chewed Khat (yes) 12 (0.1) 25.5 11.2

Average weekly meals prepared outside
the home

25 (0.3) 0.7 (1.7) 0.2 (1.0)

Triglycerides (mg/dl) 1597 (16.3) 124.6 (96.2) 121.0 (92.1)

Total cholesterol (mg/dl) 866 (8.8) 124.4 (29.2) 140.5 (36.5)

HDL (mg/dl) 904 (9.2) 37.9 (11.9) 43.4 (13.4)

LDL (mg/dl) 1597 (16.3) 87.2 (34.9) 102.1 (37.2)

Note: Categorical variables are summarized as (n [%]) and continuous variables are summarized as mean (SD).

Abbreviations: HDL, high‐density lipoprotein; LDL, low‐density lipoprotein.
aWeighted for survey design.
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A 1 kg/m2 higher BMI was associated with 20% and 10% higher odds

of hypertension in males (aOR: 1.2 [95% CI: 1.1, 1.2]) and females

(aOR: 1.1 [95% CI: 1.0, 1.1]), respectively. Similarly, a 1 cm larger WC

was associated with 60% (aOR: 1.6 [95% CI: 1.4, 1.8]) and 30% (aOR:

1.3 [95% CI: 1.2, 1.5]) higher odds of hypertension in males and

females, respectively. Males (aOR: 1.8 [95% CI: 1.5, 2.2]) and females

(aOR: 1.7 [95% CI: 1.5, 1.9]) who resided in urban areas had higher

odds of hypertension compared with their rural counterparts. Males

who were engaged in nonagricultural work had higher odds of

hypertension compared with agricultural workers (aOR: 1.3 [95% CI:

1.07, 1.64]). Pastoral females had higher odds of hypertension (aOR:

1.6 [95% CI: 1.1, 2.5]) compared with agrarian females. In contrast, a

1‐year higher educational attainment level was associated with lower

odds of hypertension in females (aOR: 0.95 [95% CI: 0.9, 1.0]). Fruit

and vegetable intake, daily salt intake >5 g/day, physical activity, and

alcohol and khat intake were not associated with hypertension.

4 | DISCUSSION

4.1 | Summary of findings

The objective of this study was to reanalyse data from the Ethiopia

NCD STEP survey and use causal path diagrams based upon expert

F IGURE 1 Modifiable (a) socioeconomic factors, (b) dietary factors, (c) biological factors and (d) behavioural factors associated with
prediabetes/diabetes in males and females. Forest plots present odds ratios (ORs) and 95% confidene intervals (CIs)
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subject matter knowledge and graphical model theory, to identify a

set of modifiable factors associated with prediabetes/diabetes and

hypertension among males and females in Ethiopia. Nationally, the

prevalence of prediabetes/diabetes and hypertension was ~11% and

17%, respectively, which was similar between the two sexes. Our

analysis of modifiable factors showed that BMI and WC were

positively associated with hypertension and prediabetes/diabetes for

both males and females. An increase in WC was associated with

increased odds of hypertension and prediabetes/diabetes in males

and females. In contrast, an increase in educational attainment was

associated with reduced odds of hypertension and prediabetes/

diabetes in both males and females. Although residing in urban

settings was associated with increased odds of hypertension in both

males and females, it was only associated with prediabetes/diabetes

in males. Males and females in pastoralist areas had lower odds of

prediabetes/diabetes compared with their agrarian counterparts. In

contrast, females in pastoralist areas had significantly higher odds

of hypertension. Physical activity was associated with lower odds of

prediabetes/diabetes among women only. Consumption of fruit and

vegetables, alcohol, salt, smoking, khat consumption and income

F IGURE 2 Modifiable (a) socioeconomic factors, (b) dietary factors, (c) biological factors and (d) behavioural factors associated with
hypertension in males and females. Forest plots present odds ratios (ORs) and 95% confidence intervals (CIs)
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were not associated with either hypertension or prediabetes/

diabetes.

4.2 | Interpretation of findings

Our study extends the work by Gebreyes et al. (2018) by employing a

more nuanced approach to the identification of factors related to

hypertension and prediabetes/diabetes in Ethiopia. While we confirm

several of the associations previously observed, with such triangula-

tion increasing the confidence we have in these findings, our

approach also resulted in a number of novel and/or altered findings.

For example, whereas Gebreyes et al. (2018) observed associations

between urban residence and lack of physical activity with diabetes in

their sex‐combined models, we only observed these associations in

males and females, respectively. In terms of novel findings, for

prediabetes/diabetes we observed a positive association between

nonagricultural work and prediabetes/diabetes in females, while a

pastoralist livelihood and higher educational attainment were

associated with reduced odds of prediabetes/diabetes. With regard

to hypertension, we did not find, unlike Gebreyes et al. (2018),

evidence for a protective effect of physical activity, whereas we did

observe a female‐specific protective effect of educational attainment

and hypertension.

Our finding that hypertension prevalence was ~17% and

distributed similarly across both sexes is in line with other studies

in Ethiopia (Dereje et al., 2020; Kibret & Mesfin, 2015). Residing in

urban settings (vs. rural) was a consistent risk factor increasing the

risk of hypertension in both sexes. This is in accordance with previous

findings from Ethiopia (Kibret & Mesfin, 2015) but also the wider

Sub‐Saharan (Addo et al., 2007) and African regions (Addo

et al., 2007). Another risk factor for hypertension in both sexes

was a higher BMI and WC, with a 1 cm higher WC associated with

higher odds of hypertension (57% and 31% in males and females,

respectively). Given the much greater burden of overweight/obesity

in urban settings in Ethiopia, our finding of urban/rural disparities in

hypertension prevalence is unsurprising. It has been speculated that

other contributors to this urban/rural dichotomy include a greater

use of motorized transport, sedentary types of occupation such as

office work and an increased consumption of the high‐salt and high‐

fat containing processed foods (Tesfaye et al., 2009). Surprisingly, we

did not find strong evidence for a relationship between hypertension

and each of physical activity, salt intake or consumption of fruits,

vegetables and alcohol. Reasons for this between‐study discrepancy

may include differences related to the sample (e.g., age, sex, ethnic

composition and so on), differences in the derivation of variables or

different covariates used in multivariable models across studies, or

may be a result of the lack of variation in these variables, particularly

for salt intake and physical activity.

Around 1 in 10 adults were classified as prediabetic or diabetic in

this sample, with no differences between the sexes. However,

these estimates are likely to underestimate the burden of pre-

diabetes/diabetes in Ethiopia, as it is estimated that ~68% of

individuals with diabetes are undiagnosed (International Diabetes

Federation, 2019). We are not aware of any national studies in the

country, which have reported on the prevalence of prediabetes/

diabetes. However, two recent studies in the North of Ethiopia

observed prevalence rates of prediabetes, which were ~1.5–4 times

higher than in our study (Endris et al., 2019; He et al., 2020). Reasons

for this discrepancy could relate to the criteria used to classify

prediabetes, differences in the sociodemographic profiles of the

samples, and thus differential exposure to prediabetes risk factors or,

given the recency of the studies, may reflect real increases in the

burden of prediabetes in more recent years. For example, recent

national data suggest a diabetes prevalence of 3.2%, with more than

1.7 million individuals reported to have the condition. In absolute

numbers, Ethiopia thus has the fourth highest burden of diabetes in

Africa. In line with this prevalence, a meta‐analysis estimated the

prevalence of diabetes in Ethiopia at between 2% and 6.5%, with the

higher prevalence rates observed in urban settings (Bishu et al., 2019).

Unsurprisingly, we also observed that the risk of prediabetes or

diabetes was greater in those in urban settings. However, this

association was much stronger in males. Although previous studies

have shown disparities in the prevalence of prediabetes/diabetes in

Ethiopia across sexes (Bishu et al., 2019; Endris et al., 2019;

Woldegebriel et al., 2020) and between urban/rural settings, we

are not aware of any studies that have identified an interaction

between the two. We observed a protective effect of a pastoralist

livelihood on risk for prediabetes/diabetes. Although we are unaware

of any literature supporting this association, it may be a reflection of

a higher level of physical activity in this group. Previous studies have

suggested a link between low socioeconomic position, poor educa-

tion and poverty, and diabetes risk; however, we did not observe

associations with income and only small effects for education. In

Ethiopia, there are large urban–rural inequalities in the provision of

education and educational attainment (Sanfo & Ogawa, 2021) and so

in our multivariable models, which also included adjustment for

urban/rural residence, the association between education and

prediabetes/diabetes is likely to be attenuated.

4.3 | Strengths and limitations

The major strength of this analysis is the use of DAGs and graphical

model theory to guide multivariable model building and to ensure

that the correct covariates are (and are not) adjusted for. This is the

first study in Ethiopia that has adopted this approach to identify a

comprehensive list of factors that affect hypertension and pre-

diabetes/diabetes. We acknowledge a number of limitations. As a

cross‐sectional survey, with exposures and outcomes measured at

the same time, we are unable to rule out the possibility of reverse‐

causality contributing to associations observed here. Furthermore,

although the NCD STEPS survey provides data on a wide range of

demographic and biomedical variables, residual confounding is still a

possibility. For example, depression was not available in NCD‐STEPs

but was identified as a relevant factor in both the systematic review

NORRIS ET AL. | 7 of 10



and during the expert consultation, and was classified as

‘unmeasured’ in the DAG (Supporting Information 3). However, even

if this variable had been available, it was not included in the

adjustment sets of any of the exposures, suggesting that this was not

actually a confounding variable. By employing a complete case

analysis, we may have inadvertently introduced a selection bias into

our analysis. Nonresponse is more extensive in those from lower

socioeconomic positions and with poorer health status (Mostafa &

Wiggins, 2015; Stafford et al., 2013) and thus we may have

inadvertently selected a more socioeconomically advantaged and

healthier sample which, in addition to a loss of power, may have

introduced bias into the observed associations. Our definition of

prediabetes/diabetes was based on fasting blood glucose, which is

more susceptible to acute perturbations in blood glucose levels than

HbA1c. HbA1c provides an indication of average blood glucose

over the previous 2–3 months and has been recommended for

diagnosing prediabetes/diabetes (International Expert Committee on

Diabetes, 2009; WHO, 2011). However, HbA1c (and detection

methods) can be affected by conditions such as sickle cell disease and

malaria (International Expert Committee on Diabetes 2009), both of

which are prevalent in various African regions, including Ethiopia.

Future nutritional surveillance surveys should consider collecting

both blood glucose concentrations and HbA1c, and the concordance

between the two should be assessed. As the NCD STEPS survey was

conducted in 2015 in Ethiopia, it is likely that the burden of

hypertension and prediabetes/diabetes has increased and the

demographic profile of these conditions changed, which may

potentially result in a different set of factors being associated with

these conditions. The lack of association between diet‐related factors

and hypertension and prediabetes/diabetes could be explained by

the lack of variability in these factors or potential misreporting biases,

which are inherent in retrospective dietary assessment methods. The

variables used may also lack the required sensitivity (e.g., recall

period/units of measurement and type of dietary indicator) to assess

the relationship between diet and NR‐NCDs. There is a need for

longitudinal, nationally representative dietary surveys, which enable

the derivation of relevant indicators of the nutrition transition (e.g.,

consumption of ultraprocessed foods, energy‐dense nutrient‐poor

foods, sugar‐sweetened beverages), to assess their contribution to

the burden of overweight, obesity and NCD risk in Ethiopia.

4.4 | Implications for research and policy

This study allowed the identification of policy options that could help

address the burden of NR‐NCDs in Ethiopia. The major modifiable

risk factors for prediabetes/diabetes and hypertension were a higher

BMI, WC and physical inactivity (in women only). Thus, it is critical to:

(i) promote healthy eating, physical activity and reduce sedentary

time; and (ii) strengthen NCD surveillance to generate evidence on

the burden of NR‐NCDs and associated risk factors. The consump-

tion of healthy diets (i.e., increased consumption of nutrient‐rich

foods [e.g., fruits and vegetables] and reduced consumption of

unhealthy foods) could be increased through the implementation of

agricultural and food system policy measures (e.g., monitoring of the

availability and marketing of unhealthy foods; targeted taxation on

unhealthy foods; food price policies and programmes to increase

access to healthy foods). Healthy physical activity behaviours could

be achieved through increasing awareness of the health benefits

associated with moderate‐to‐vigorous intensity activities; improving

the availability of facilities to promote physical activity (e.g., green

spaces); implementing workplace programmes to combat sedentary

time; and developing national guidelines for physical activity for

health. Dietary and physical interventions should target urban

residents who suffer the greater burden of poor nutrition and health.

Finally, besides the collection of fruit and vegetable intake, salt intake

and alcohol intake, NCD surveillance surveys should also incorporate

other dietary indicators relevant to NR‐NCDs such as the consump-

tion of sugar‐sweetened beverages and energy‐dense nutrient‐poor

foods (savoury/salty snacks, sweet food items/products) so their

contribution to the burden of NR‐NCDs can be better understood.

5 | CONCLUSION

We have provided empirical findings relating to the factors

associated with hypertension and prediabetes/diabetes among

Ethiopian males and females. BMI and WC were the main factors

that were positively associated with hypertension and prediabetes/

diabetes among males and females. In contrast, a higher educational

attainment was associated with reduced odds of hypertension and

prediabetes/diabetes in both males and females. Other modifiable

factors such as fruit and vegetables intake, salt intake, alcohol

consumption and smoking were not associated with either hyper-

tension or prediabetes/diabetes. Our findings highlight the need to

implement interventions that promote healthy lifestyles to address

the burden of overweight/obesity and NR‐NCDs, particularly in

urban areas.
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