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Dietary determinants 
of overnutrition 
among hypertensive patients 
in southwest Ethiopia: an ordinal 
regression model
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Overnutrition is a recognized risk factor for hypertension, but evidence is lacking among hypertensive 
patients for tailored dietary interventions. This study assessed dietary factors in 331 hypertensive 
patients in southwest Ethiopia. The data was collected through a questionnaire and analyzed 
using factor analysis. Body mass index (BMI) was calculated, and a BMI above 25 kg  m−2 was 
considered overnutrition. An ordinal logistic regression model was used to model the data and 
control confounders. Adjusted odds ratio and p-values were reported. Among the 331 respondents, 
consumption of cereals and grains (57.0%); roots and tubers (58.5); and legumes (50.0%), while 
28.6% drink alcohol, was common. About 29.0% (24.1–34.2) had overnutrition (22%, 17.6–26.6%, 
overweight and 7.0%, 4.5–10.3%, obesity). While the predicted odds of overnutrition were higher 
among males (AOR = 2.85; 1.35–6.02), married (AOR = 1.47; 0.69–3.12), illiterates (AOR = 2.09; 1.18–
3.72), advanced age (AOR = 1.65; 0.61–4.61), government employees (AOR = 6.83; 1.19–39.2), and 
urban dwellers (AOR = 4.06; 1.76–9.36), infrequent vegetable consumption (AOR = 1.47; 0.72–2.96) 
and lower and higher terciles of cereals and animal-source food consumption (AOR = 1.56; 0.72–3.34). 
Overnutrition among hypertensive patients was significantly high and associated with unhealthy 
dietary consumption, educational status, residence, and occupation, emphasizing the need for 
targeted dietary counseling.
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Hypertension is a major public health problem and the leading cause of cardiovascular diseases, contributing 
to 9.4 million deaths and 1.39 billion cases  annually1,2. These could be associated with the rise in  obesity3 and 
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other treatment-related  factors4. Evidence has also shown that the risk of hypertension rises by 3–7 times among 
those who are  overnourished5,6, and more than 65% of hypertension is attributable to having excess  weight7,8. 
On the contrary, weight loss of 5–10 kg could substantially lower the risk of hypertension by 25%3, emphasizing 
the need for optimal weight for having normal blood pressure.

Overnutrition encompassing overweight and obesity among adults is one of the established risk factors 
for many non-communicable diseases. It is diagnosed with a higher body mass index between 25 to 29.9 kg 
 m−2 (overweight) and above 30 kg  m−2 (obese)9. Overnutrition is becoming alarming global public health 
 challenge2,10. There is a rising prevalence of overweight, obesity, and hypertension in both developing and devel-
oped  countries2,11, mainly due to changing dietary habits and sedentary  lifestyles8,12. Overnutrition is considered 
as the major non-infectious epidemic, and the second leading cause of preventable death  globally13, affecting 
2 billion  adults14, and causing nearly 2.8 million annual deaths. The obesity epidemic is spreading to low- and 
middle-income countries (LMICs) as a result of new dietary habits and sedentary ways of life, fueling chronic dis-
eases and premature  mortality5,7. Despite the fact that overweight and obesity are health problems in high-income 
countries, LMICs, in particular urban settings in sub-Saharan African countries, face the greatest  challenge15 and 
are under steady  increment16. Moreover, the prevalence of overweight and obesity was different from region to 
region, ranging from 19.5 to 24.5%17, where 18.4% of women and 7.8% of men are victims of obesity in  Ethiopia18.

The likelihood and severity of hypertension are closely related to their  BMI19. It is clear that obesity is a risk 
factor for  hypertension18 and can determine treatment success among hypertensive patients. A large-scale study 
conducted in Bandung indicated that overnutrition among hypertensive patients is highly predictive of cardio-
vascular complications and deaths by 1.41–5.79  times20. Although overnutrition and body fat accumulation is 
established risk factor for hypertension, there is lack of clear epidemiological evidence linking diet assessed in 
more comprehensive manner in the study context, which would be very helpful for tailored behavioral interven-
tions. Hence, the usual methods of dietary exposure assessment like individual nutrient and food intake assess-
ment approaches, are not comprehensive and holistic and ultimately predict disease outcomes in a confounded 
manner. Hence, we tried to apply a more robust statistical modeling to derive the likely dietary consumption 
patterns using “dietary pattern analysis”21. This has been shown to be more informative and predictive in previous 
studies for predicting the risk of overnutrition and central obesity among the general  population22,23.

Evidence also depicts that adherence to healthy dietary patterns rich in fruits, vegetables, cereals and legumes, 
is an important component in the prevention of hypertension and could determine the risk of overnutrition. The 
current study could help to further refine the existing dietary recommendations for chronic disease care and 
attain reasonable treatment success. Moreover, previous studies treated the outcome as binomial while the data 
is ordinal in nature, where we have used a more robust and appropriate method, ordinal  regression24. Hence, 
the current study was to quantify the magnitude of overnutrition and identify relevant dietary determinants of 
overnutrition among hypertensive patients in southwest Ethiopia.

Results
Socio-demographic and socio-economic characteristics
From the total of 338 individuals with hypertension invited, 331 participated in our study, with a response rate of 
98.0%. The majority of the participants (54.3%) were males, married (80%), Gurage (79.0%), had no education at 
all (54.0%), and 58% lived in a rural setting. Regarding the religious affiliation of study participants, 44.1% were 
Muslims, followed by Orthodox Christians (36.2%). Most of the participants, 31.0%, were farmers, and 75.0% 
were categorized as low-income. The mean family size of the participants was 5.4 (± 2.1) (Table 1).

About 58.0% of the participants did not receive information on healthy eating, and the majority of the par-
ticipants, 73.0%, had no family member or friends who supports them to adhere to their recommended dietary 
habits (Table 1).

Dietary habits and patterns of respondents
Most of the respondents (57.0%) had consumed cereal-based foods more than three times per week while 
193(58.5%) and 165(50.0%) consumed roots and tubers, and legumes more than three times per week, respec-
tively. The majority of the respondents, 232(70.0%) had reported to consume vegetables, and fruits for more 
than three times per week. Furthermore, more than half of them, 206(61.0%) reported to consume milk and 
milk products for more than three times a week while only 158(48.0%) of respondents reported to consume any 
animal-source foods for at least three times per week. Out of the respondents, only 20(6.0%) do not drink coffee 
whereas 311(96.0%) drink coffee for at least once in a week. The majority 228(68.0%) reported that they do not 
have habit of drinking alcohol while 104(32.0%) drink at least one times per week (Table 2).

To characterize the dietary consumption of clients in a better way, we employed a sequentially applied fac-
tor analysis. First, we have grouped foods into key food groups for factor analysis. Hence, we have checked for 
the presence of significant correlation, sample adequacy, and communality, and those food items not fulfilling 
these criteria were excluded step by step. In this study, we found a significant correlation with Bartlett’s Test of 
Sphericity (X2 = 91; p-value < 0.0001) and a KMO value of 0.624. We computed the factor scores using the Bar-
tlett method and ranked them into terciles as "low," "medium,” and “high” terciles of consumption. We derived 
five major dietary patterns, namely “cereals, fruits, and animal-source products," “legumes, vegetables, and milk 
products," “vegetable-source foods," “substances and alcohol drinks,” and “vegetable oils," explaining 62.3% of 
the total variance. The terciles of dietary consumption patterns are presented in Table 3.

Prevalence of overnutrition
In this study, the overall prevalence of overweight and obesity among the study population was 95(29.0%), of 
which 72(22.0%) were overweight and 23(7.0%) were obese. On the other hand, Aa total of 38 (11.3%); 95% 
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Table 1.  Socio-demographic, economic clinical characteristics of Hypertensive patients, south Ethiopia, 
2022(n = 331).

Variables Category Frequency Percent (%)

Marital status

Married 264 80.0

Unmarried 18 5.4

Divorced 19 5.6

Widowed 30 9.0

Sex
Male 180 54.3

Female 151 45.7

Religion

Orthodox 120 36.2

Muslim 146 44.1

Protestant 34 10.2

Catholic 31 9.5

Age

18–39 128 38.6

40–59 162 49.0

 ≥ 60 41 12.4

Educational status

Illiterate 179 54.0

Primary school 73 22.0

Secondary school 37 11.0

High school above 42 13.0

Occupation

Farming 102 31.0

House wife 90 27.0

Private business 92 28.0

Government 39 12.0

Daily labor 8 2.0

Wealth index

10.5

Poorest 142 43.0

Poor 85 32.0

Medium 64 25.0

Wealthy 40 12.0

Residence
Urban 139 42.0

Rural 192 58.0

Family size

1–3 61 18.4

4–6 172 52.0

Above 6 98 29.6

Received nutritional education
Yes 140 42.0

No 191 58.0

Have your family/friends help you to follow your recommended diet
Yes 89 27.0

No 242 73.0

Table 2.  Major dietary consumption patterns of hypertensive patients south Ethiopia Wolkite 2022(n = 331).

Food groups consumed

Frequency of consumption per week; frequency(percent)

Never 1–2 × per week 3–4 × per week 5–7 × per week

Cereals and grains 115(35.0) 27(9.0) 69(21) 120(36.0)

Roots and Tuber 113(34.0) 25(7.5) 45(13.5) 148(45.0)

Legumes 126(38.0) 40(12.0) 50(15.0) 115(35.0)

Fruits 63(19.0) 38(11.0) 45(14.0) 185(56.0)

Vegetable 68(21.0) 31(9.0) 63(19.0) 169(51.0)

Milk and milk products 93(29.5) 32(9.5) 79(23.0) 127(38.0)

Meat, fish and poultry 128(39.0) 45(14.0) 95(29.0) 63(19.0)

Fats and oil/ Plant based/ oil/liquid/ for cooking 217(66.0) 12(4.0) 17(5.0) 85(25.0)

Sweet and sugar /soft drinks/ sweetened beverages 105(32.0) 57(17.0) 36(11.0) 133(40.0)

Hot drinks /coffee/ 20(6.0) 7(2.0) 7(2.0) 297(90.0)

Alcohol 227(68.0) 25(8.0) 33(10.0) 46(14.0)
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CI 8.1–15.2) of hypertension patients were found to be undernourished. With regard to estimated population 
prevalence, the prevalence of overnutrition, overweight, and obesity would be 24.1–34.2%, 17.6–26.6% 4.5–10.3% 
at 95% confidence level. Similarly, the prevalence of undernutrition would range from 8.1 to 15.2% among 
hypertension patients in the study area (Table 4).

Factors associated with overnutrition; OLR model
After considering all potential predictors, we assessed the proportional odds assumptions or the test of parallel 
lines. In summary, the chi-square distribution indicated that the proportional odds assumption was satisfied, 
and there wasn’t enough evidence to reject the null hypothesis, suggesting that the proportional assumption 
holds (Table 5).

We have designed the multivariable ordinal logistic regression model in a backward, step-wise manner. The 
final model showed significant improvement compared to the intercept-only model (p-value = 0.01). Model 
fitness was further checked using the Deviance  (X2 = 524; df = 507 p-value = 0.288) and Pearson  (X2 = 476; 
df = 507 p-value = 0.829), indicating a fit model. Moreover, the predicted odds of overnutrition were found to be 
higher among males (AOR = 2.85; 95% CI 1.35–6.02), married (AOR = 1.47; 95% CI 0.69–3.12), and illiterates 
(AOR = 2.09; 95% CI 1.18–3.72), where the risk was higher by 2.85, 1.47, and 2.09 times as compared to their 
counterparts, respectively (Table 6).

Hence, we found that sex, residence, educational status, occupation, and residence of hypertension patients 
were significant predictors of overnutrition. Moreover, dietary consumption patterns were also very predictive 
of the odds of overnutrition, though they were not statistically significant. The predicted odds of being in over-
nutrition were higher among those 41–60 years old (AOR = 1.65; 95% CI 0.61–4.61) and above sixty years old 

Table 3.  Centiles of major dietary pattens of adult hypertensive patients on chronic follow up in Southwest 
Ethiopia.

Dietary Pattens

Percentiles

Low Medium High Variance explained by a factor

Dietary Pattern I: cereals, fruits, and animal-
source products 109(33.2%) 110(33.5%) 109(33.2%) 14.0%

Dietary Pattern II: legumes, vegetables, and milk 
products 110(33.2%) 110(33.5%) 109(33.2%) 12.3%

Dietary Pattern III: vegetable-source foods 109(33.2%) 110(33.5%) 109(33.2%) 12.1%

Dietary Pattern IV: substances and alcohol 
drinks 111(33.2%) 109(33.5%) 108(33.2%) 12.5%

Dietary pattern V: vegetable oils 110(33.2%) 110(33.5%) 109(33.2%) 10.5

Bartlett’s Test of Sphericity X2 = 91; p-value < 0.0001

Kaiser Mayer Olkin (KMO) 0.624

Total variance explained (%) 62.3%

Table 4.  Nutritional status of hypertensive patients in southwest Ethiopia.

Categories Frequency Percent (%)

Nutritional status based on BMI in kg  m−2

Underweight 38 11.3

Normal 196 59.8

Overweight 72 22.0

Obese 23 7.0

Overnutrition status

Underweight 38 11.3

Normal 196 59.8

Overnourished 95 29.0%

Mean BMI (Sd) 23.0 ± 4.3 kg  m-2

Table 5.  Outputs for test of parallel line: Proportional odds assumption for ordinal logistic regression after 
incorporating relevant predictors in the final model.

Test of parallel line: Proportional odds assumption

Model −2 Log Likelihood Chi-Square df Sig

Null Hypothesis 337.740

General 321.053 16.687 17 0.476
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(AOR = 1.12; 95% CI 0.37–3.41), indicating that the risk of overnutrition rises along with age. But still, the huge 
risk concentrates among middle-aged older adults (41–60 years; 67%). More importantly, the predicted odds of 
overnutrition were significantly higher for overnutrition employed (AOR = 6.83; 95% CI 1.19–39.2) and private 
workers (AOR = 1.92; 95% CI 0.86–4.28) as compared to farmer counter parts. Related to these, the predicted 
odds of overnutrition were found to be higher among urban dwellers (AOR = 4.06; 95% CI 1.76–9.36) (Table 6).

Concerning the association between dietary consumption patterns and the odds of overnutrition among 
hypertension patients, the odds of overnutrition were shown to be higher for those with lower consumption of 
cereals and animal-source foods, vegetables, and alcohol. For dietary patterns one and four, the odds of over-
nutrition were low for those with optimal (medium) consumption of these foods. Hence, the predicted odds of 
overnutrition were higher among those in the lower (AOR = 1.35; 95% CI 0.65–2.79) and medium (AOR = 1.47; 
95% CI 0.72–2.96) terciles of vegetable-rich foods as compared to those in the higher terciles of consumption. The 
odds of overnutrition were also found to be higher among those with a lower tercile (AOR = 1.56; 0.72–3.34) of 
cereals and animal-source foods. Similarly, the odds of overnutrition were higher among those who had low and 
higher consumption of cereals and animal-source foods, implicating optimal intake in the median category and 
a lower risk. However, the risk was low among those with medium consumption of these food groups. This was 
similar for dietary pattern 4, where the risk was low among patients in the medium consumption classes (Table 6).

Discussion
This study was to explore the magnitude and factors associated with overnutrition among hypertensive patients, 
where such evidence is lacking in Ethiopia. This study specifically contributed a lot to understanding the role of 
dietary consumption in a robust manner and their role in the odds of overnutrition, the known risk of adverse 
complications, and the occurrence of morbidities. Overall, we found that 29.0% of hypertension patients on fol-
low-up had overnutrition, while 7.0% of the hypertension patients were obese. A review done for the adult general 
population in Ethiopia showed a pooled prevalence of overweight and obesity of 20.4% and 5.4%,  respectively25. 
On the contrary, the overall prevalence of overnutrition is lower than the prevalence of overnutrition reported 
from Addis  Ababa26  Gondar27 and  Durame28 (44.6 and 9.6%). More specific studies showed a considerably higher 
prevalence of 36.3% (Nigeria) to 82.1% (Kenya), where a higher burden of obesity was reported, respectively. 
These are mainly due to urbanization and associated lifestyle changes, according to later  studies26,27. These could 
be partly attributable to good adherence to the treatment plan and better fruit, vegetable, and cereal consump-
tion. One review study conducted in the context of sub Saharan Africa showed that 57% of hypertension patients 
had abdominal  obesity20.

Table 6.  Multivariable ordinal logistic regression output showing factors associated with over nutrition among 
adult hypertension southern Ethiopia Wolkite 2022(n = 331).

Variables Categories

Nutritional status (ordered)

AOR with 95% CI p-valueUndernourished Normal Over nourished

Age in years

18–40 13 19 11 1

41–60 19 121 54 1.67(0.61–4.61) 0.321

 > 60 5 56 30 1.12(0.37–3.41) 0.843

Sex
Male 16 111 59 2.85(1.35–6.02)

0.006
Female 21 85 36 1

Marital status
Married 26 165 78 1.47(0.69–3.12)

0.136
Unmarried 11 31 17 1

Educational status
Illiterate 18 109 52 2.09(1.18–3.72)

0.012
Literate 19 87 43 1

Occupation

Government 3 15 11 6.83(1.19–39.2) 0.031

Private 23 107 60 1.92(0.86–4.28)
0.109

Farmer 11 74 24 1

Residence
Urban 13 71 52 4.06(1.76–9.36)

0.0001
Rural 24 125 43 1

Family support
Yes 6 44 29 2.04(0.85–4.90)

0.109
No 31 152 66 1

DP-1; cereals, fruits, and animal-source 
products terciles

Low 7 71 31 1.56(0.72–3.34) 0.258

Medium 19 62 29 0.86(0.41–1.81)
0.698

High 11 63 35 1

DP-3; vegetable-source foods terciles

Low 14 59 36 1.35(0.65–2.79) 0.422

Medium 8 72 29 1.47(0.72–2.96)
0.288

High 15 65 30 1

DP-4; Substances and alcohol drinks terciles

Low 11 60 38 1.46(0.71–3.02) 0.308

Medium 13 64 33 0.88(0.44–1.75)
0.706

High 13 72 24 1



6

Vol:.(1234567890)

Scientific Reports |         (2024) 14:7781  | https://doi.org/10.1038/s41598-024-57496-y

www.nature.com/scientificreports/

In the present study, overnutrition risk was higher among males and in urban settings. Although direct evi-
dence among hypertensive patients is lacking, evidence from the general adult population showed that females 
are at higher risk of central obesity (AOR = 5.59, 95% CI 2.95–10.57)29. This could be due to physiological factors, 
lack of exercise, environmental factors, and  genetics30. In addition, there may be an obvious difference in dietary 
habits, physical activity, and lifestyles where the risk of overnutrition is higher among male and the contribu-
tion of central adiposity could be higher among males as  well31. These could indicate only where the potential 
cases are concentrated, even though these characteristics are nonmodifiable. Furthermore, the increased risk 
of urbanization is mainly linked to unhealthy lifestyles, a tendency to consume processed, high-calorie foods, 
and limited activity-related expenditures. Evidence showed that men residing in urbanized cities in Ethiopia 
((AOR = 1.8; 1.1–2.9) had 80% odds of increased risk for  overnutrition32. The finding is also confirmed by pre-
vious studies. This could be related to the fact that urban residents tend to have an unhealthy diet with limited 
physical activities that increases the risk of  overnutrition33 as compared to those from rural areas involved in 
physically demanding work such as agricultural  activities34.

Literacy could potentially affect the odds of overnutrition. In our study, illiterate patients were found to 
be at risk, while previous studies showed the opposite. The link between literacy and overnutrition could be a 
double sword, where illiteracy and higher literacy could affect each other in various  ways32,35. A study based on 
the national data also showed that the risk increase along with educational level (AOR = 3.6, 95% CI 2.1–6.2)32. 
Hence, illiteracy could greatly limit access to healthy foods and affect the selection of modern yet unhealthy diets. 
These might also be associated with early malnutrition and the later risk of obesity and metabolic syndrome. 
It has been observed that the patterns of overnutrition and non-communicable disease change over time, with 
illiterates and low socioeconomic groups becoming victims of the worst  outcomes36.

The risks of overnutrition were higher for those with infrequent vegetable consumption patterns. This finding 
is supported by previous studies in  Ethiopia37,38. Thus, eating non-starchy vegetables and fruits like apples, pears, 
and green leafy vegetables can promote weight loss and maintain optimal weight  status39. This is due to the fact 
that vegetables are low in calories and allow a person to maintain satiety and energy  balance40. The increased odds 
of overnutrition were associated with either low or high consumption of foods rich in cereal and animal-source 
foods. This finding is supported by a previous  study41. These food groups are major sources of energy in the form 
of carbohydrates, proteins, and fats where excess consumption could lead to adiposity and poor blood pressure 
 control42. While the increased risk among the lower terciles might be due to intentional dietary restriction due to 
pre-diagnosed overnutrition and risks. However, it should be noted that cereals are fiber-rich foods, which may 
encourage good gastrointestinal health and decrease the risks of excess cholesterol and  obesity43. It is important 
to note that optimal dietary exposures are crucial for optimal health. On the contrary, low dietary exposure to 
nutrient-dense foods could also determine the risk of the late onset of overnutrition and chronic  diseases37.

The current study brings novel evidence to one of the unresearched areas, although no studies have been con-
ducted among hypertension patients. The use of dietary pattern analysis would make the current study predictive 
and  informative44, where the majority of previous works rely on food group intake or dietary intake estimates. 
Moreover, the use of an advanced and more appropriate statistical approach would make it more informative, 
though with inherent limitations. For instance, the validity of BMI in indicating body fatness could be limited 
in indicating the actual risk of central obesity, where the use of waist circumference might be very  predictive45. 
The items in the FFQ are limited in number and might not be exhaustive enough to capture them all. It is also 
very difficult to create a temporal relationship between diet and overnutrition; the diet might change after start-
ing treatment while the outcome has already developed. Lastly, ordinal data assumes that the categories have a 
meaningful order and that the intervals between categories are equal. However, in the case of BMI categories, the 
intervals between categories may not be consistent in terms of health risks or other factors. Therefore, treating 
BMI categories as ordinal may oversimplify the complexity of the relationship between BMI and health outcomes 
and may not accurately capture the nuances of this relationship.

Conclusions
Overnutrition among hypertension clients is a major public health problem. The risks of overnutrition were found 
to be higher among males, urban residents, illiterates, government workers, and private workers. With regard 
to dietary exposures, lower consumption of vegetables and both excess and low consumption of nutrient-dense 
dietary patterns (cereals, fruits, and animal-source foods) were associated with increased odds of overnutrition 
that could be used to draft tailored dietary counseling and interventions. This increased occurrence of overnutri-
tion could further threaten morbidity and mortality from complications of hypertension. This can be addressed 
via enhanced behavioral change models, dietary counseling, and other lifestyle interventions promoting healthy 
dietary consumption. Hence, contextualized dietary counseling is mandatory with the aim of achieving optimal 
intakes.

Methods and materials
Study area and design
A facility-based survey was employed among adult hypertensive patients at Wolkite University Specialized Hos-
pital (WUSH) from July 05 to September 24/2022. The hospital is both a referral and teaching hospital, with 
123 beds serving approximately 150,000 admissions and 80, 000 outpatient visits a year, targeting an estimated 
five million people in the catchment area. The hospital provides comprehensive care for about 1694 ambulatory 
hypertensive patients in addition to impatient care. The majority of the catchment population resides in rural 
areas, with agriculture being common. Moreover, consumption of "enset," fruits, vegetables, "teff,” and other 
staple crops is common in the study area. Enset is a plant commonly grown and consumed plant like banana 
plant while teff is staple crop to be consumed in the form of flat bread, bread, or other forms.
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Study population
The current study targeted all adult hypertensive patients (aged above 18 years of age) on chronic care at the 
hospital over the last year. Among these, randomly selected hypertensive patients who were currently on anti-
hypertensive medication in the hospital from May to November 2022 were included. Those adults who were 
pregnant women, developed ascites (fluid accumulation in the abdominal cavity), and were critically ill were 
excluded, as the BMI measure tends to be biased.

Sample size determination and sample selection
To estimate the minimum sample required for this study, we employed sample estimation method for single 
proportion and two proportion to estimate the overall prevalence of overnutrition and make comparison among 
groups. Hence, we considered a 95% confidence level, marginal error of 5%, 50% as estimated magnitude of 
overnutrition to maximize efficiency, and a 10% for non-response rate; the required sample size was 422. Then 
after finite corrections (n = 1694), a total of 338 sample of hypertension clients were studied.

To estimate the minimum sample required for this study, we employed the sample estimation method for 
single proportions and two proportions to estimate the overall prevalence of overnutrition and make compari-
sons among groups. Hence, we considered a 95% confidence level, a marginal error of 5%, 50% as the estimated 
magnitude of overnutrition to maximize efficiency, and a 10% non-response rate; the required sample size was 
422. Then, after finite corrections (n = 1694), out of a total of 338, 328 hypertension clients were studied.

Data collection methods
Data were collected by using face-to-face interviews using a structured questionnaire including basic demograph-
ics, treatment-related characteristics, and dietary consumption through a validated Food Frequency Question-
naire (FFQ) which was validated in  Ethiopia46 and these tool was previously  applied37,38.The FFQ was elicited 
over the past month to capture the usual dietary consumption after contextualizing it as per the national food 
composition table. The food items were taken from the Ethiopian Food-Based Dietary Guide (EFBDG)47. For 
each food item, participants were indicated their average frequency of consumption over the past month by 
checking 1 out of the 5 frequency categories. Each item was arranged (ranging from never, 1–2 times per week, 
3–4 times per week, and 5–7 times per week. The tool was developed in English language and administered in 
local languages.

We employed a standardized anthropometric measurement of weight and height in accordance with the 
World Health Organization standard approaches for anthropometric  measurements48. Weight measurement 
was done at the follow-up clinic using a calibrated electronic weight scale under light clothing without shoes to 
the nearest 0.1 kg (kg). The height measurements were done using a standing stadiometer (SECA Germany) and 
recorded to the nearest 0.1 cm. The height measurement was done while the client was in Frankfurt horizontal 
plane. These measurements were done twice, and the average of the two was recorded.

The data collection was done by trained health officers and supervised by nutritionists with basic skills in 
dietary surveys. A pre-test was done on 5% of the sample in another nearby hospital, and we made some changes 
to the tool and approach to collecting the data. Weight and height scales were calibrated. The measurements 
were done on a flat floor. We employed the performance of each anthropometric measurer during the pretest, 
evaluated for inter- and intra-observer variations, and compared against the standard. Those with unacceptable 
values were excluded from collecting data for our survey. One-day training was given for data collectors, and 
questionnaires were checked for completeness on a daily basis. Missed values and implausible responses and 
values were cleaned up.

Variables of the study
The dependent variable of this study was overnutrition, measured by BMI. Overnutrition is defined when the BMI 
is above 25 kg/m2, with a value between 25 and 29.9 kg/m2 as overweight and above 30 kg/m2 as  obese49. In addi-
tion, we assessed socio-demographic characteristics (sex, age, educational status, marital status, income, family 
size, occupational status, residence, number of people in the household, and monthly income), socioeconomic 
characteristics, dietary habits, dietary food consumption, substance use, and behavioral factors.

Data processing and data analysis
The data was coded and entered into Epi Data Version 3.1. The data analysis was done in SPSS version 26.0 and 
STATA version 14. The normality of continuous variables was checked using a Kolmogorov–Smirnov test along 
with a p-value. We reported the mean and standard deviation for normally distributed variables. The results 
were described in frequencies and percentages and presented in statistical tables and graphs. Mean, standard 
deviation, and percentage describe the study population in relation to relevant variables. We have calculated the 
BMI using weight in kg divided by height in meters squared.

The wealth index was developed using principal component analysis of the dummy-coded asset variables 
adopted from the Demographic and Health Survey modules. We have collected data on the assets of a range of 
durable assets, such as cars, refrigerators, televisions, radios, materials for dwelling floors and roofs, toilet facili-
ties, electricity supply, sources of drinking water, agricultural land and farm animals, and households owning 
a mobile  phone50.

As the dietary pattern analysis allows us to capture the usual consumption in a more reliable way and is very 
predictive of disease outcome, we employed an exploratory factor analysis using principal component analysis 
to derive major dietary patterns. For this purpose, we have reorganized the FFQ food items and regrouped them 
into reasonable categories as per the  EFBDG47. Assumptions for the appropriateness of factor analysis were 
checked using the presence of substantial correlations (Pearson correlation above 0.3 and a significant Bartlette 
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Test of Sphericity), Kaiser-Mayer-Olkin for sample adequacy for the set of variables (> 0.5), and Bartlett’s test 
of sphericity (0.05). All assumptions were checked sequentially to come up with factor scores that were ranked 
and presented in the form of wealth quintiles for wealth index and dietary patterns (ranked as low, medium, 
and high for ease of presentation).

We employed a step-wise ordinal logistic model after setting up the variables for more clear  presentations24. 
First, Brant test was conducted to assess the proportional odds assumption for ordinal logistic regression model. 
And a p-value above 0.5 is considered as fulfilled assumptions of ordinal logistic regression and this was done 
after including all potential predictors of overnutrition in the final model. We have included the relevant back-
ground variables and the major dietary consumption patterns derived from statistical procedures. Variables with 
a significant association with overnutrition, important variables from previous evidence, and biologically relevant 
risk factors were included in the final model. Moreover, the model fitness was checked via the log-likelihood 
method (p-value below 0.05), Pearson (p = 0.288), and Deviance goodness of model fitness (P = 0.829), indict-
ing a fit model under the null hypothesis. The beta coefficients obtained from the final model were exported to 
MS Excel for the calculation of the adjusted odds ratio. We have checked multicollinearity using the standard 
error value above two and an unstable model with the addition or removal of additional predictors. Hence, we 
have reported the adjusted odds ratios along with 95% confidence intervals and the corresponding p-values. All 
statistical tests were considered significant at a p-value less than 0.05.

Ethical approval and consent to participate
Ethical approval was sought from the Wolkite University Institutional Review Board (RCSUIL_C/056/14). We 
obtained written informed consent from each participant after explaining the study procedures. All the study 
methods and procedures were implemented in accordance with the approved procedures. The study was con-
ducted in accordance with the Helsinki Declaration.

Data availability
All data generated or analyzed during this study are included in the submitted manuscript.

Received: 10 December 2023; Accepted: 19 March 2024

References
 1. Lim, H. J., Xue, H. & Wang, Y. Global trends in obesity. Handb. Eat. Drink. Interdiscip. Perspect. 1217–1235 (2020).
 2. Haththotuwa, R. N., Wijeyaratne, C. N. & Senarath, U. Worldwide epidemic of obesity. in Obesity and obstetrics 3–8 (Elsevier, 

2020).
 3. Zhang, Y. et al. High prevalence of obesity-related hypertension among adults aged 40 to 79 years in Southwest China. Sci. Rep. 9, 

1–8 (2019).
 4. Jemal, A. et al. Metabolic syndrome and its predictors among adults seeking medical care: A trending public health concern. Clin. 

Nutr. ESPEN 54, 264–270 (2023).
 5. Shariq, O. A. & McKenzie, T. J. Obesity-related hypertension: a review of pathophysiology, management, and the role of metabolic 

surgery. Gland Surg. 9, 80 (2020).
 6. Shams, E. et al. Highlights of mechanisms and treatment of obesity-related hypertension. J. Hum. Hypertens. 36, 785–793 (2022).
 7. Noor, S. K. et al. Prevalence of obesity related hypertension among overweight or obese adults in River Nile State in Northern 

Sudan: a community based cross-sectional study. Cardiovasc. Diagn. Ther. 13, 384 (2023).
 8. Qiao, J. et al. Global burden of non-communicable diseases attributable to dietary risks in 1990–2019. J. Hum. Nutr. Diet. 35, 

202–213 (2022).
 9. Weir, C. B. & Jan, A. BMI classification percentile and cut off points. in StatPearls Publishing, Treasure Island (FL) (2019).
 10. Ali, N. et al. The prevalence of general obesity, abdominal obesity, and hypertension and its related risk factors among young adult 

students in Bangladesh. J. Clin. Hypertens. 24, 1339–1349 (2022).
 11. Clayton, T. L., Fitch, A. & Bays, H. E. Obesity and hypertension: obesity medicine association (OMA) clinical practice statement 

(CPS) 2023. Obes. Pillars 8, 100083 (2023).
 12. Akseer, N. et al. Non-communicable diseases among adolescents: current status, determinants, interventions and policies. BMC 

Public Health 20, 1–20 (2020).
 13. Jennings, C. P. et al. World Health Statistics. 3, 59–78 (2015).
 14. Vaamonde, J. G. & Álvarez-Món, M. A. Obesity and overweight. Medicine (Spain) 13, 767–776. https:// doi. org/ 10. 1016/j. med. 

2020. 07. 010 (2020).
 15. Biadgilign, S. et al. Epidemiology of obesity and overweight in sub-Saharan Africa: A protocol for a systematic review and meta-

analysis. BMJ Open 7, 7–10 (2017).
 16. Nglazi, M. D. & Ataguba, J. E. O. Overweight and obesity in non-pregnant women of childbearing age in South Africa: Subgroup 

regression analyses of survey data from 1998 to 2017. BMC Public Health 22, 1–18 (2022).
 17. Alemu, A., Dessalegn, T. & Tefera, B. Magnitude of overweight, obesity and associated factors among middle aged urban residents 

of west Ethiopia. J. Obes. Weight. Medicat. 7, 6–11 (2021).
 18. Aronow, W. S. Association of obesity with hypertension. Ann. Transl. Med. 5, 11–13 (2017).
 19. Abdissa, D., Dukessa, A. & Babusha, A. Heliyon Prevalence and associated factors of overweight / obesity among type 2 diabetic 

outpatients in Southwest Ethiopia. Heliyon 7, e06339 (2021).
 20. Mirandus, L., Permana, H. & Fatimah, S. N. Metabolic Syndrome Components and Nutritional Status among Hypertensive Out-

patiens at Dr. Hasan Sadikin General Hospital Bandung. Althea Med. J. 3, 477–481 (2016).
 21. Williams, R. A. & Quiroz, C. Ordinal regression models. (SAGE Publications Limited, 2020).
 22. Asemu, M. M., Yalew, A. W., Kabeta, N. D. & Mekonnen, D. Prevalence and risk factors of hypertension among adults: A com-

munity based study in Addis Ababa, Ethiopia. PLoS One 16, e0248934 (2021).
 23. Kebede, B., Ayele, G., Haftu, D. & Gebremichael, G. The prevalence and associated factors of hypertension among adults in Southern 

Ethiopia. Int. J. chronic Dis. 2020, 8020129 (2020).
 24. Harrell Frank E, J. & Harrell, F. E. Ordinal logistic regression. Regres. Model. Strateg. with Appl. to linear Model. Logist. ordinal 

regression, Surviv. Anal. 311–325 (2015).
 25. Kassie, A. M., Abate, B. B. & Kassaw, M. W. Prevalence of overweight/obesity among the adult population in Ethiopia: A systematic 

review and meta-analysis. BMJ Open 10, 1–10 (2020).

https://doi.org/10.1016/j.med.2020.07.010
https://doi.org/10.1016/j.med.2020.07.010


9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:7781  | https://doi.org/10.1038/s41598-024-57496-y

www.nature.com/scientificreports/

 26. Abebe, S. & Yallew, W. W. Prevalence of hypertension among adult outpatient clients in hospitals and its associated factors In Addis 
Ababa , Ethiopia: a hospital based cross - sectional study. BMC Res. Notes 1–6 (2019) https:// doi. org/ 10. 1186/ s13104- 019- 4127-1.

 27. Ali, M. S., Kassahun, C. W. & Wubneh, C. A. Overnutrition and Associated Factors: A Comparative Cross-Sectional Study between 
Government and Private Primary School Students in Gondar Town, Northwest Ethiopia. J. Nutr. Metab. 2020, (2020).

 28. Helelo, T. P., Gelaw, Y. A. & Adane, A. A. Prevalence and associated factors of hypertension among adults in durame town Southern 
Ethiopia. PLoS One 9, 2014–2017 (2014).

 29. Biru, B., Tamiru, D., Taye, A. & Regassa Feyisa, B. Central obesity and its predictors among adults in Nekemte town West Ethiopia. 
SAGE Open Med. 9, 205031212110549 (2021).

 30. The National Institute of Health. What causes obesity & overweight? | NICHD - Eunice Kennedy Shriver National Institute of 
Child Health and Human Development (2021).

 31. Tariq, K. U. et al. Construction of new exact solutions of the resonant fractional NLS equation with the extended Fan sub-equation 
method. J. King Saud Univ. - Sci. 33, 101643 (2021).

 32. Tekalegn, Y. et al. Individual and community-level determinants of overweight and obesity among urban men: Further analysis 
of the Ethiopian demographic and health survey. PLoS One 16, 1–14 (2021).

 33. Parise, I., Abbott, P. & Trankle, S. Drivers to obesity—a study of the association between time spent commuting daily and obesity 
in the nepean blue mountains area. Int. J. Environ. Res. Public Health 19, (2022).

 34. Tekalegn, Y. Determinants of Overweight or Obesity among Men Aged 20–59 Years: A Case-Control Study Based on the 2016 
Ethiopian Demographic and Health Survey. J. Obes. 2021, (2021).

 35. Kwansa, A. L., Akparibo, R., Cecil, J. E., Solar, G. I. & Caton, S. J. Risk Factors for Overweight and Obesity within the Home 
Environment of Preschool Children in Sub-Saharan Africa: A Systematic Review. Nutrients 14, (2022).

 36. Van Wilder, L. et al. Living with a chronic disease: insights from patients with a low socioeconomic status. BMC Fam. Pract. 22, 
1–11 (2021).

 37. Gedamu, F., Dagn, I. & Abdu, A. O. Association between dietary consumption patterns and the development of adolescent over-
nutrition in Eastern Ethiopia: New Perspectives. Front. Nutr. 10, 1245477 (2023).

 38. Mekonnen, B. A. et al. Major dietary patterns of community dwelling adults and their associations with impaired blood glucose 
and central obesity in Eastern Ethiopia: Diet-disease epidemiological study. PLoS One 18, e0283075 (2023).

 39. Gorecki, M. C., Feinglass, J. M. & Binns, H. J. Characteristics associated with successful weight management in youth with obesity. 
J. Pediatr. 212, 35–43 (2019).

 40. Kpodo, F., Sciences, A. & Mensah, C. Fruit and Vegetable Consumption Patterns and Preferences of Students in a Ghanaian Poly-
technic. (2015) https:// doi. org/ 10. 12691/ jnh-3- 3-2.

 41. Williams, P. G. The benefits of breakfast cereal consumption: A systematic review of the evidence base. Adv. Nutr. 5, 636S-673S 
(2014).

 42. Smith, C. E. & Tucker, K. L. Health benefits of cereal fibre: a review of clinical trials. Nutr. Res. Rev. 24, 118–131 (2011).
 43. Quatela, A., Callister, R., Patterson, A. J., McEvoy, M. & Macdonald-Wicks, L. K. Breakfast cereal consumption and obesity risk 

amongst the mid-age cohort of the australian longitudinal study on women’s health. Healthc. 5, 1–12 (2017).
 44. Zhao, J. et al. A review of statistical methods for dietary pattern analysis. Nutr. J. 20, 1–18 (2021).
 45. Dhawan, D. & Sharma, S. Abdominal obesity, adipokines and non-communicable diseases. J. Steroid Biochem. Mol. Biol. 203, 

105737 (2020).
 46. Regassa, I. F., Endris, B. S., Habtemariam, E., Hassen, H. Y. & Ghebreyesus, S. H. Development and validation of food frequency 

questionnaire for food and nutrient intakes of adults in Butajira Southern Ethiopia. J. Nutr. Sci. 10, e98 (2021).
 47. Ethiopian Public Health Institute (EPHI). Ethiopia Food-Based Dietary Guidelines (2022).
 48. World Health Organization (WHO). Recommendations for data collection, analysis and reporting on anthropometric indicators 

in children under 5 years old. https:// www. who. int/ publi catio ns- detail- redir ect/ 97892 41515 559 (2019).
 49. World Health Organization. A healthy lifestyle - WHO recommendations. 1–4 (2010).
 50. Central Statistical Agency (CSA) [Ethiopia] and ICF. Ethiopia Demographic and Health Survey 2016. Central Statistical Agency. 

Addis Ababa, Ethiopia, and Rockville, Maryland, USA: CSA and ICF (2016).

Acknowledgements
We would like to acknowledge Wolkite University (WUSH) for their unreserved collaboration and support for 
the success of this study. We would like to thank data collectors, study participants, and supervisors for their 
help in the conduct of this study.

Author contributions
M.G. and A.O. are substantially involved in conception, design, data acquisition, data analysis, curation, writ-
ing the draft manuscript, and reviewing and editing the final version. G.A., E.M., A.Z., A.A., A.W. and A.K. are 
involved in supervision, validation of the work, and reviewing the manuscript. All authors approved the final 
version of the manuscript and the journal to be submitted to.

Funding
The funder has no specific role in the conceptualization, design, data collection, analysis, decision to publish, 
or preparation of the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.O.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1186/s13104-019-4127-1
https://doi.org/10.12691/jnh-3-3-2
https://www.who.int/publications-detail-redirect/9789241515559
www.nature.com/reprints


10

Vol:.(1234567890)

Scientific Reports |         (2024) 14:7781  | https://doi.org/10.1038/s41598-024-57496-y

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

http://creativecommons.org/licenses/by/4.0/

	Dietary determinants of overnutrition among hypertensive patients in southwest Ethiopia: an ordinal regression model
	Results
	Socio-demographic and socio-economic characteristics
	Dietary habits and patterns of respondents
	Prevalence of overnutrition
	Factors associated with overnutrition; OLR model

	Discussion
	Conclusions
	Methods and materials
	Study area and design
	Study population
	Sample size determination and sample selection
	Data collection methods
	Variables of the study
	Data processing and data analysis
	Ethical approval and consent to participate

	References
	Acknowledgements


