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Purpose: To identify the dietary patterns and their association with cardiovascular risk factors among adult people in urban and rural areas of Wolaita, southern Ethiopia.

Methods: A total of 2,483 participants aged 25–64 years were selected using a three-stage random sampling. Data for this study were collected using structured questionnaires, the previous 24-h dietary intake assessment, anthropometric, blood pressure, and biochemical measurements. We used factor analysis to identify dietary patterns. Factors associated with dietary patterns were analyzed using multiple linear regression models. The adjusted regression coefficients with their 95% CI were used to ascertain the association.

Result: We identified three major dietary patterns that explained 51% of the variance in food consumption. The western dietary pattern was characterized by the consumption of meat/organ meat, biscuits/sweets, chicken stew, pasta-macaroni recipes, butter, white wheat bread, egg recipe, and Ethiopian dish shiro-wet, and was positively associated with urban residence, obesity, hypertension, blood glucose, and total cholesterol levels. Adherence to the consumption of tubers, whole-grain maize products, coffee leaves-and-herbs beverage, legumes, and sweet potatoes featured the traditional dietary pattern. The traditional dietary pattern showed a positive relationship with rural residence, physical activity, and obesity, and it had a negative relationship with hypertension. The healthy dietary pattern was characterized by the intake of green leafy vegetables, green pepper, and whole-grain maize products, and negatively related to obesity, and hypertension, while positively related to urban residence.

Conclusion: The coexistence of western, traditional, and healthy dietary patterns in the present study indicates the transition to a new dietary pattern in the study area. All dietary patterns were associated with one or more cardiovascular risk factors, but the western dietary pattern was associated with most of these, while the traditional diet showed fewer such associations. Therefore, it might be useful to promote healthy and traditional dietary patterns along with physical activity. Interventions related to the current findings, if initiated early in life, may benefit the public in preventing cardiovascular risk factors such as obesity, hypertension, and type 2-diabetes.
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Introduction

The global average for dietary quality is low with the Alternative Healthy Eating Index (AHEI) ranging from 0 to 100, where 100 represent the healthiest diet. Among children and adults in 2018, the mean global AHEI was 40.3. The diet quality has increased from 1990 to 2018 in most parts of the world, but not in Sub-Saharan Africa (SSA). This clearly indicates the need of more focus on dietary issues in countries in SSA (1). Diet is an important modifiable risk factor associated with non-communicable diseases (2). Individual nutrients and foods, however, cannot be considered in isolation due to the complex interactions among nutrients (3, 4). Dietary pattern is an essential factor for the health of individuals and populations, which is also a key factor in the pattern of energy and nutrient intake (5). Changes in dietary patterns are not limited to the satisfaction of basal physiologic needs, but also are affected by social and cultural factors, including eating behavior (6). The discrepancy in increased energy intake and reduced expenditure results in energy imbalance, and when this is coupled with the reduction in physical activity becomes the underlying cause of overweight and obesity (7).

Dietary patterns that contain above the recommended quantity of energy-dense food items had an association with an increased burden of cardiovascular diseases (CVD) (2, 8). Globally, CVD remains the leading cause of mortality among middle-aged adults, and in high-income countries, it is the main cause of death next to cancer (8, 9). The dietary patterns in high-income countries are characterized by a high quantity of added sugars, fats, refined carbohydrates, and animal-source foods, which are termed a western diet (5, 8, 10).

Low- and middle-income countries (LMICs) are not immune to this problem. They are facing a double burden of diseases; and illnesses resulting from both under and over-nutrition (10). The incidence of non-communicable diseases such as cardiovascular diseases and type-2 diabetes is increasing due to changing lifestyles, urbanization, and increasing life expectancy (2, 11, 12). The dietary patterns in the LMICs, especially those with emerging economies are changing from the traditional dietary pattern with a high intake of fruits, vegetables, cereals, tubers, and legumes to western diets characterized by a high intake of energy-dense food items such as animal food products (13–15). The consumption of calories from meat, sugar, and vegetable oils increased significantly in developing countries between 1963 and 2003 (16).

Diets are determined by several factors, including individual and environmental factors. Urbanization independently or in combination with other factors is associated with changes in dietary patterns (17, 18). The urban food consumption pattern is generally more diversified; contains more animal products and sugar (7, 17, 18). A systematic review of data from forty countries in sub-Saharan Africa indicated variation in the dietary patterns between rural and urban areas (19). Factors including hypertension, blood cholesterol level, smoking, and physical activity were also related to dietary patterns (2, 5, 20, 21).

Ethiopia was frequently attacked by drought and famine during the past decades (22, 23). The total population living under the poverty line in 1994/95 was around 49.5%. However, after the application of various poverty reduction measures, the level of poverty in Ethiopia is decreasing (24). Succeeding economic growth in Ethiopia, the rate of urbanization is progressively increasing (24–27). Evidence indicates the coexistence of economic growth and urbanization results in lifestyle changes including changes in dietary patterns, which in turn may lead to increased obesity and nutrition-related NCDs diseases. This community-based study is the first of its kind in Ethiopia involving exploratory factor analysis to examine the dietary patterns among the adult population in the urban and rural areas of the study. Globally, the incidence of CVD is rising (2, 11, 12), and information on the association of cardiovascular risk factors with dietary patterns particularly in Ethiopia remains scant. Therefore, the current study aimed to assess the dietary patterns and study their association with cardiovascular risk factors among adult people in urban and rural areas of Wolaita, southern Ethiopia. This information might be useful for the promotion of healthy and traditional dietary patterns.



Materials and methods


Setting

The study was carried out in Wolaita, southern Ethiopia from May 2018 to February 2019. Wolaita has experienced rapid urbanization in the past 20 Years (28). We selected a town with the largest population size undergoing rapid urbanization, and a rural district with a relatively traditional lifestyle from Wolaita Zone.

Wolaita was one of the famine-affected and vulnerable areas in Ethiopia during 1983–1986 (22, 23). The livelihood of the urban population in Wolaita is based on employment, trade, or daily labor, while the livelihood of the rural population is based on crop production and animal husbandry (29). Access to food in rural areas depends on subsistence farming and is influenced by farm size, rainfall patterns, and crop production culture (29, 30).



Study design, participants, and sampling technique

We conducted a community-based cross-sectional study. Two thousand four hundred eighty-three people aged 25–64 years participated in the study, and all invited to the study participated, except 3 people who were not available during three visits. The residents of randomly selected households from urban and rural areas were considered the study subjects. We selected the study participants by employing a three-stage survey. First, the survey kebeles (villages) were chosen randomly from a series of all registered kebeles in both study sites. Eleven out of 54 urban and ten out of 52 rural kebeles were included in our study. Secondly, we used a random integer generator to randomly choose households in the chosen kebeles from a list given to us by the community health workers (31). The list also had the names of the people living in each household. Thirdly, the number of study participants was decided proportionately to the size of their kebeles and households, and the participants were finally chosen from the eligible household members using a lottery method.



Sample size

The sample size for this study was computed using Epi Info version 7 StatCalc software. This project is a part of a larger study, titled nutritional changes, and chronic diseases in Wolaita in southern Ethiopia (32, 33), and the number of participants was 2,486. We also considered assumptions from the study entitled prevalence of high blood pressure, hyperglycemia, dyslipidemia, metabolic syndrome and their determinants in Ethiopia: evidence from the national NCDs STEPS survey, 2015 to compute the sample size in one of the studies in our project (34). Accordingly, with a 14.9% prevalence of hypertension in rural, 19.7% prevalence of hypertension in urban, 95% confidence level, 80% power, one for the ratio of unexposed and exposed groups, and 10% non-response rate the total sample size became 2,233. In this study, since we aimed at assessing the dietary patterns, and their association with cardiovascular risk factors considering residence as the main exposure variable, we have computed posthoc power for the mean difference using OpenEpi version 3.03 software with 95% CI. Accordingly, the sample size to assess the dietary patterns (western, traditional, and healthy), and their association with cardiovascular risk factors taking residence as a primary exposure variable was adequate with the power of the study >90%.



Data collection procedure and techniques

A total of 2,483 adult household members randomly selected for the survey were interviewed by trained data collectors, using a structured questionnaire about the socio-demographics such as age, education, wealth, diet, and other lifestyle factors. Additionally, we measured the anthropometric, blood pressure, and biomedical parameters of the study participants. The data collection process was undertaken within the participants’ homes, and people in the study obtained information about the data collection such as dates and overnight fasting from the supervisor and coordinator of the data collection before the data were collected. The blood samples were collected in the morning before eating breakfast.

The questionnaire was first designed in English and then translated into Amharic and Wolaitato. For validation, a re-translation was conducted by another expert. We provided training for the data collection team including nurses, laboratory technologists, field supervisor, coordinator, and data clerks for one week. The training consisted purpose of the survey, ethical conduct, and data collection techniques such as 24-h dietary recall assessment, interviewing skills, calibration of data collection instruments, and anthropometry. Following this, we conducted a pretest on 5% of our sample size among the population which was not selected for the survey. Subsequently, the inputs obtained from the pretest were incorporated into our data collection tool.

We adapted a quantitative 24-h dietary recall technique to serve as the data collection instrument for the previous day’s 24-h dietary intake assessment (35). To measure the dietary intakes at a population level, we employed single-day dietary histories on different individuals, the study population was selected randomly and all the days of the week were represented in the sample, and this was in line with the recommendation given by the principles of nutritional assessment (36). Since the previous day’s history is a recent memory, the interviewers asked the study participants to tell all the foods and beverages they consumed with their specific information such as preparation. We interviewed the participants by probing them recall all foods and beverages consumed during the previous day (from sunrise to sunrise) before the survey. The study participants were requested to provide specific information on foods and drinks including their product names and preparation techniques. We prepared a finite list of foods and beverages such as cereals, pulses, dairy products, vegetables, fruits, tubers, roots, meat and meat products, poultry, fish, egg, fats and oils, sugars, salt, coffee, and tea that helped to recall the previous day food and beverage consumption, and ticked off the mentioned items. In the end, the interview was finalized with the study participants confirming that all the foods and beverages they consumed during the previous day had been mentioned.

A participant’s physical activity was assessed by asking about activities during work, for instance carrying or lifting heavy loads. In addition, they were asked about their travel to and from places; e.g. walking and bicycling, and they were also asked about sports, fitness, and recreational activities (e.g., running, football, swimming). The activities were categorized as time spent on moderate-intensity and vigorous-intensity activities. The metabolic equivalent (MET) was calculated as each activity had a predefined value. MET-minutes/week of the specific activity was the product of the number of days in a week used to accomplish a given activity, the average time spent in minutes in a day, and the corresponding MET value. The overall MET-minutes/week was computed by summing the MET-minutes/week value of each activity (37, 38).

We also asked four questions about smoking habits (do you currently smoke any tobacco products; do you currently smoke tobacco products daily; do you currently use smokeless tobacco; do you currently use smokeless tobacco products daily).

A person’s BMI is computed by dividing weight in kg by height in m2. We quantified weight to the closest 0.1 kg by employing a mobile digital weighing scale (Seca electronic scale). We used a movable stadiometer comprising a suitable triangular headboard to quantify height (Seca stadiometer). The participants’ weight and height were measured while they stood straight, held their heads upright, and wore light clothing and shoes. During the height measurement, the external auditory of the ear and the bottom border of the eye were aligned in a single horizontal plane. In addition, the heels, shoulder blades, and buttocks touched the scale as the knees of the legs stayed together. Along with it, the arms were kept side by side. The participants’ heights were finally measured to the nearest 0.1 cm.

We measured blood pressure using a digital sphygmomanometer (Riester richampion®N, Germany). The participant’s blood pressure was taken three times following ten minutes of rest with the right upper arm positioned at the level of the heart. Systolic and diastolic blood pressures were determined by taking the average of the last two readings.

We took whole venous blood samples from each participant in the morning at their homes following an overnight fast. We collected blood samples in vacutainer tubes consisting of ethylenediaminetetraacetic acid, after cleaning the skin with a 70% alcohol swab. Then, the blood samples were kept in an icebox and transported to Wolaita Sodo University Hospital for analysis. Analysis of the blood samples was accomplished within twelve hours duration after acquisition. We used a BS-200 chemistry analyzer to investigate lipid profiles. Assessment of blood glucose (BG) was performed using a glucose meter (SensoCard®
) at the site of blood sample collection.



Operational definitions and categories for the analyses

The dietary patterns in our study were named after the food items or groups with the highest loadings in factor analysis, and related literature (2, 15, 39, 40). The Western dietary pattern consisted of meat/organ meat, biscuits/sweets, chicken stew, pasta-macaroni recipes, butter, white wheat bread, egg recipe, and shiro-wet food items or groups. Shiro-wet is an Ethiopian traditional dish mainly prepared using a mixture of the following ingredients: chickpea flour, red pepper flour, tomatoes, onions, garlic, oil, and sometimes butter. A traditional dietary pattern was characterized by the consumption of tubers, whole-grain maize products, coffee leaves-and-herbs beverage, legumes, and sweet potatoes. The food items or groups categorized under the traditional dietary pattern are culturally popular in the rural part of the study areas. In this study, green leafy vegetables, green peppers, and whole-grain maize products made up the healthy dietary pattern and were found in the urban area along with the food items or groups found in the western dietary pattern. Hyperglycemia was defined as having a blood glucose level ≥ 7.0 mmol/l, and/or self-reported use of medication for diabetes (41). A participant with total cholesterol (TC) level ≥ 5.2 mmol/L was categorized as having raised TC (42). A blood triglyceride (TG) level ≥ 1.7 mmol/l was defined as an elevated TG level (42). Hypertension was characterized by having a systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, and/or using medication for lowering the blood pressure (43). A body mass index (BMI) of 30 kg/m2 or greater indicates obesity (44). Having a level of physical activity <600 MET minutes per week was considered physically inactive (37, 38). Age was categorized into four using 10-year groups based on the WHO STEPS recommendation (37).



Assessment of dietary patterns

Generally, dietary patterns are identified by using foods or nutrients, or a combination of both, and foods or food groups are often used as nutrients are composite food scores (45). Since the aim of this study was the identification of dietary patterns and associated cardiovascular factors, we used the previous day’s 24-h dietary intake to assess the dietary patterns. The dietary patterns were determined using factor analysis based on the intake of 24 food items or groups (45, 46). Some of the food items were categorized into groups depending on their similarities such as legumes, tubers, green leafy vegetables, and pasta and macaroni. Food items or groups with factor loadings ≥0.3 or ≤ −0.3 were considered as significantly contributing to the pattern. The number of factors that were retained in the analysis was determined based on the eigenvalue > 1.0, evaluation of the scree plot, and the plausibility of the factors. We used orthogonal transformation (varimax rotation) to identify uncorrelated factors and facilitate interpretability. Therefore, factor analysis and subsequent varimax rotation were used to determine the dietary patterns.

Positively loaded food items or groups contributed to a given dietary pattern, whereas negatively loaded foods have an opposite relation with a particular dietary pattern. A high factor score demonstrates a high intake of foods comprising a particular food pattern, whereas low scores demonstrate a low intake. Dietary patterns were named after the food items or groups with the highest loadings of those dietary patterns. Factor scores for each dietary pattern and participant were estimated by summing the consumption of each food item or group weighted by their factor loadings. Subsequently, the tertiles of the dietary patterns scores were generated by classifying the scores into three categories: first tertile (lowest), second tertile, and third tertile (highest) to show the frequencies in relation to other variables in the descriptive tables. The association of dietary patterns with CVD risk factors was analyzed using bivariate and multiple linear regressions, and cross-tabulation was used for descriptive analysis.



Data entry and analysis

Data entry was accomplished using Epi-Data version 3.1 and excel-template, and exported to the STATA 15 software for analysis. We have performed residence-specific principal component analysis to build the wealth index, using 40 variables for rural and 28 variables for urban areas. Detailed information on wealth index construction was reported in a previous publication from the project, and in this study, it was categorized as poor, medium, and rich (33).

The prevalence and frequencies of tertiles of dietary patterns were calculated. The outcome variables were dietary patterns that were identified using factor analysis. The covariates used in this analysis include residence, education, physical activity, obesity, hypertension, hyperglycemia, total cholesterol, and triglyceride levels. The associations between covariates and dietary patterns were assessed using bivariable and multivariable linear regression models building a separate model for each of the identified dietary patterns. The data analysis was started after declaring the data set as a three-stage cluster survey to account for the effect of clustering on the estimated standard errors. The assumption of normality of the continuous variables was checked objectively using sktest (skewness-kurtosis test) and subjectively using histograms. Based upon this the natural logarithmic transformation was made for the outcome variables to satisfy the assumption. The result demonstrated the normal distribution of the residuals. Variables with the p values <0.2 in the bivariable analysis were considered a candidate for multiple linear regression analysis. The adjusted regression coefficient with its 95% CI is presented, and the absence of 0 within the 95% CI declared the presence of association.



Ethical considerations

This study was approved by both the Institutional Review Board at Hawassa University in Ethiopia (IRB/005/10) and the Regional Committee for Medical Research Ethics Northern Norway, REK North (2017/2248/REK nord). The study subjects provided written informed consent following the introduction of the purpose of the study. Individuals in the study remained anonymous, except those having hyperglycemia, hypertension, or other serious ailments that were referred to the closest health facility.




Results


Socio-demographic characteristics of the participants

A total of 2,483 adults participated in the study of 2,486 invited people. The number of male people involved in the study was 1,313 (52.9%). There was a relatively equal level of participation between urban (50.1%) and rural (49.9%) study areas. Of the total study participants 1,085 (43.7%), 674 (27.1%), 441 (17.8%), and 283 (11.1%) were aged between 25–34, 35–44, 45–54, and 55–64 years, respectively. Concerning the educational level of the study participants: 1410 (56.8%) had a primary level of education or below, 397 (16.0%) had high school, and 676 (27.2%) had college or education above this level. Calculating the wealth index analysis, we have found 784 (31.6%) poor participants, 793 (31.9%) medium level, and 906 (36.5%) rich.

Of the total study participants, 47.2% (1172) had a physical activity status of ≥600 MET minutes per week. One hundred nine (4.4%) of the overall study participants were obese. The prevalence of hypertension was 32.9% (818), while hyperglycemia was 4.4% (110). Hypercholesterolemia was detected in 5.7% (142), and hypertriglyceridemia in 15.8% (393) of the study participants. Eighteen (0.7%) people were reported to be daily smokers.



Dietary patterns

Three dietary patterns were distinguished, describing 51% of the total variance in food consumption using factor analysis. The dietary patterns with their rotated factor loadings are illustrated in Table 1. The first pattern comprised animal-source foods with added sugars and refined carbohydrates that resemble the western type dietary pattern. This pattern explained 21.5% of the total variance in food intake. Food items or groups with the highest factor loadings such as meat/organ meat, and biscuits/sweets positively contributed to the western dietary pattern, whereas whole grain maize products had a negative contribution. The second pattern demonstrated a high intake of plant-based food sources that matches a traditional dietary pattern explaining 18.1% of the total variance. This pattern consists of tubers having the highest positive factor loading. The third pattern was termed the healthy dietary pattern which explained 11.4% of the total variance and featured the consumption of green vegetables and whole-grain maize products (See Table 1).



TABLE 1 Dietary patterns found in factor analysis, with their rotated factor loadings in an Ethiopian population (n = 2,483).
[image: Table1]



Description of dietary patterns scores and CVD risk factors

Participants with the highest tertile of the western and healthy dietary patterns tended to reside in the urban study area, while those with the highest tertile of traditional dietary pattern resided in the rural area. We observed a higher level of physical activity among participants with the highest tertiles of the traditional dietary pattern and those who lived in rural areas. A higher occurrence of obesity was observed among participants with the upper tertile of the western and the second but not the third tertile of the traditional dietary pattern, while obesity was lower among participants with the upper tertile of both traditional and healthy dietary patterns. Hypertension increased among the adult people with the highest tertiles of the western dietary pattern and decreased among people with the highest tertiles of the traditional and healthy dietary patterns. Similarly, people in the highest tertiles of the western dietary pattern had an increased level of hyperglycemia and elevated total cholesterol levels. We found no difference in smoking rates across the increasing tertiles of dietary patterns (Table 2).



TABLE 2 Socio-demographic, behavioral, and biochemical characteristics across tertiles of the three dietary patterns scores identified among adults in Wolaita, southern Ethiopia.
[image: Table2]



Cardiovascular factors and association with dietary patterns

The study participants having obesity were positively associated with western [β = 1.2; 95% CI: 0.9–1.5], and traditional [β = 1.1; 95% CI: 0.5–1.6] dietary patterns; while they were inversely associated with the healthy dietary pattern [β = −0.48; 95% CI: −0.94, −0.02]. Similarly, participants who developed hypertension were positively associated with the western dietary pattern [β = 1.0; 95% CI: 0.7–1.3], as they were negatively associated with the traditional [β = −1.2; 95% CI: −1.4, −0.9], and healthy [β = −0.7; 95% CI: −0.9, −0.4] dietary patterns. Being a resident in the urban area was positively related to the western dietary pattern [β = 0.6; 95% CI: 0.3–0.8]. Urban residence was also positively associated with the healthy dietary pattern [β = 0.8; 95% CI: 0.5–1.0]. Meanwhile, urban residence had an inverse relationship with the traditional dietary pattern [β = −0.9; 95% CI: −1.6, −0.2]. We found a positive linear association between the traditional dietary pattern and physical activity [β = 0.4; 95% CI: 0.2–0.6]. Moreover, there was an increasing linear association between blood glucose levels and the western dietary pattern [β = 0.15; 95% CI: 0.11–0.18]. We also observed an increased western dietary pattern with the increasing total cholesterol level [β = 0.15; 95% CI: 0.07–0.23], after adjusting for the other factors in the model (See Table 3; Figures 1A–C).



TABLE 3 Multivariable log-linear regression analysis of socio-demographic, behavioral, and biochemical factors with dietary patterns among adults in Wolaita, southern Ethiopia.
[image: Table3]
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FIGURE 1
 (A–C) Show the adjusted regression coefficients in relation to their position to the null value of zero for each of the three dietary patterns. The numerical values of the coefficients along with their crude estimates were depicted in Table 3.


As only 18 people were smoking, this variable was not included in the main analyses shown in Table 3. However, an analysis including this variable was performed, but this did not influence the results (data not shown).




Discussion

This community-based study is the first of its kind in Ethiopia involving exploratory factor analysis to examine the dietary patterns among the adult population. The study mainly identified the intake of three dietary patterns. The first dietary pattern was western which is characterized by the consumption of meat/organ meat, biscuits/sweets, chicken stew, pasta-macaroni recipes, butter, white wheat bread, egg recipe, and shiro-wet. Urban residence, obesity, hypertension, blood glucose, and total cholesterol levels were positively associated with the western dietary pattern. Adherence to the consumption of tubers, whole-grain maize products, coffee leaves-and-herbs beverage, legumes, and sweet potatoes featured the traditional dietary pattern. It showed a positive relationship with rural residence, physical activity, and obesity, while it had a negative relationship with hypertension. The healthy dietary pattern was characterized by the intake of green leafy vegetables, green pepper, and whole-grain maize products, and negatively related to urban residence, obesity, and hypertension.

In this study, we found a more significant association of the western, and healthy dietary patterns with the urban part of the population, compared to the rural population after controlling for potential confounders. The observed relationship between the western dietary pattern and the urban environment is in agreement with the findings reported elsewhere in the LMICs (20, 39, 47). This might be due to lifestyle changes related to the rapidly growing urbanization in Wolaita (20, 48). However, this study also indicated the presence of a healthy dietary pattern in the urban environment. This might indicate the emergence of transition to new diets in the study area. Furthermore, some individuals might have the awareness of the importance of healthy dietary choices. In contrast, we recorded a significant relationship between the traditional dietary pattern and the rural populations. This is consistent with the findings of other studies (20, 49). This might be the reason that traditional dishes are commonly consumed by the rural population. Further, adherence to the traditional dietary pattern was associated with physical activity. This is consistent with the finding reported elsewhere in West Africa (49). In rural areas, moderate or vigorous activities like farming may account for the observed relationship.

Consumption of western and traditional dietary patterns was associated with obesity. The finding regarding the relationship between western dietary pattern and obesity was supported by various studies (2, 13, 47). Compliance with the western diet is associated with higher energy intake, which accounts for weight gain and increased risk of obesity (50, 51). With a further look at the positive association between the traditional dietary pattern and obesity, we noted that the proportion of obesity was not higher for the third tertile (23%), but it was for the second tertile (51%), both compared to the first tertile (26%) showing this association was not straight forward. This might also be due to the limitation of a single 24-h dietary intake assessment not representing a long-term dietary habit, even though population-level usual dietary intake can be measured using a single-day dietary assessment provided that the study participants were selected randomly, and all days of the week are represented in the sample (36). But there exists some evidence from Asian countries that indicate a positive relationship between traditional dietary pattern and obesity (52–54). However, we suggest further investigation to ascertain this relationship in the context of the study area. Meanwhile, a healthy dietary pattern appears to be inversely associated with obesity, which is supported by the findings of other studies (13, 55).

Hypertension was positively associated with the western dietary pattern (2), as it was negatively associated with the traditional and healthy dietary patterns (21, 56). There has been little understanding of the mechanisms involved. However, the mechanisms linked to the etiology of arterial hypertension brought on by the western diet are complex, and include several factors. High salt intake is one of the best-known risk factors for hypertension (57), but a number of different antioxidants are also associated with the development of hypertension (58). There was a positive linear association between blood glucose levels and a western dietary pattern. Similar findings were reported elsewhere (2, 15, 52). As a pro-inflammatory diet, the western diet can trigger inflammatory markers and cytokines and increase oxidative stress, which in combination lead to cell and DNA damage, reducing insulin receptors, and lowering insulin production (59). Similarly, total cholesterol levels increased with adherence to the western dietary pattern. Increases in plasma cholesterol may occur if the sources of cholesterol are consumed along with saturated and trans fats, as is the case with the western dietary pattern (60). Other community-based studies have also revealed similar results (2, 61, 62). Unlike Western dietary pattern, cardio-metabolic risk factors such as total cholesterol, triglyceride, and blood glucose levels were not associated with traditional and healthy dietary patterns. This is supported by the findings from other studies (63–66). The mechanisms by which traditional and healthy dietary patterns are linked to cardio-metabolic risk factors are not fully understood. However, the absence of association may be due to the high fiber and low glycemic load of plant-based food items such as whole grains, legumes, and vegetables in traditional and healthy dietary patterns (67). The population had very few smokers, and this factor is very unlikely to have influenced the results. This is not the situation in most other studies, and this makes the present study quite unique.

The findings of this study may have public health significance through promotion of healthy and traditional dietary patterns along with physical activity. Interventions related to the findings, if initiated early in life, may benefit the public in preventing cardiovascular risk factors such as obesity, hypertension, and type-2 diabetes (68–72). Furthermore, this study has policy implications in terms of the importance of focusing on nutrition-related non-communicable diseases and provides latest data on dietary patterns for policies related to nutrition.


Strengths and limitations

The design of the present study was cross-sectional. A cross-sectional study with a 24-h dietary intake assessment is a single-day experience and does not guarantee the understanding of the usual dietary pattern, and lacks temporal relations. The causality between the diets and the risk factors cannot be interpreted, but still, findings from this study bring forward new information that might be useful in the understanding of diet and other factors.

The response rate in this study was very high, as 2,483 people participated, out of a population of 2,486. The reason for the high response is likely to be the provision of information including the objective of the study and schedules before the data collection, and repeated visits to the homes in their absence.

Interviews were used for obtaining information from the participants. This is a feasible method in a population where some individuals might be illiterate and others are not used to writing at all. Also, many do not have much knowledge about nutrition and health (73).

Information was obtained for all interviewed individuals using a 24-h recall method and this has been used in low-income settings for many years. The method has been debated whether it can serve as a substitute for the weighted food records to assess the absolute nutrient intake (74, 75). Nevertheless, in this study, the amount of food and type of nutrient intake was not required as we aimed at identifying the dietary patterns.

It is very difficult to register food consumption in a population. Recall bias might be present, and the answers received in the present study might not be accurate. Another method that could have been used is weighted records. However, this requires more resources, and may also have uncertainties due to the workload put on the people who must weigh their food and record it.

Smoking is one of the major modifiable CVD risk factors. However, in our study, we did not investigate the relationship between smoking and dietary patterns because of the smaller number of smoking participants.

There might be misclassifications in our study related to the blood glucose and lipid profile. Although the study participants were told to have been fasting before the blood test, we cannot be confident that this was the situation for everyone. We tried to reduce this weakness of the study by giving the participants the required information before the examination day.

The study had several research assistants and which may increase inter-observer bias, and to minimize this, all were trained together and a common understanding of the tools was assured as much as possible.

The findings of this study might be valid for Ethiopian populations. However, dietary issues might not be similar in other cultures and countries, and the results may not be generalized outside of the country.

For even more certain conclusions, future studies should have a longitudinal design with repeated measurements of the diet. It would also be of interest to study the presence of cardiovascular diseases in a longitudinal setting, but this must be done with caution due to the ethical considerations needed.



Conclusion

The coexistence of western, traditional, and healthy dietary patterns in the present study may indicate the transition to a new dietary pattern among people in the study area. All dietary patterns were associated with one or more cardiovascular risk factors, but the western dietary pattern was associated with most of these. The traditional diet showed fewer such associations. Therefore, it might be useful to promote healthy and traditional dietary patterns along with physical activity. Interventions related to the current findings, if initiated early in life, may benefit the public in preventing cardiovascular risk factors such as obesity, hypertension, and type 2-diabetes. Furthermore, this study may have policy implications in terms of the importance of focusing on nutrition-related non-communicable diseases, and provides recent data on dietary patterns for policies related to nutrition. Hence, this information should be disseminated and discussed both at local and national levels in Ethiopia.
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Age (year) 0.03(001,004) | 001(=0.001,002)  0.007(~0.013,0001)  0.002(~0.003,001)  0.002(-0.005,0.01) | 0.004(~0.001,0.01)
Gender
Female 0 0 0 0 0 0
Male ~0.1(~04,02) ~01(=03,02) | —007(=026,012)  ~0.1(=03,004) 0.15(=0.02,032) 0.13(~0.03,0.29)
Residence
Rural 0 0 0 0 0 0
Urban 16(14,1.8) 06(03,09) ~131 (158, ~1.03) 059 (0.42,0.75) 08(05,1.0)
Education
< Primary 0 0 0 0 0 0
High school 07(04,1.1) 02(-02,06) ~0.23 (~051,0.06) ~0.1(=02,0.1) 0.24(0.09,0.39) 0.02(~0.16,0.20)
College+ 08(04,12) 01(-01,03)  —065(-113,-0.16)  0.02(-0.16,021) 030 (0.05,0.55) ~0.1(=03,0.1)
Wealth index.
Poor 0 0 0 0 0 0
Medium 0.1(-0.2,0.4) -0.01(-02,02) | 0.03(-0.16,021) 0.01(=0.12,0.13) 0.05(~0.15,025) 0.1(=0.1,03)
Rich 03(-0.1,07) 0.2(-0.05,04) 0.04(-0.16,024) 0.1(=01,02) ~0.0004(~024,0.23) | ~0.01 (=0.20,0.19)
Physical activity
No 0 0 0 0 0 0
Yes —08(-1.1,-04) | —-003(-03,02) 06(03,08) 0.4(02,06) ~0.24 (=035, ~0.14) 0.1(=0.1,02)
Obesity
No 0 0 0 0 0 0
Yes 15(1.2,19) 12(09,15) ~0.6(~09,~0.4) 11(05,16) ~0.54(-082,-025) | —0.5(~0.9,-0.02)
Hypertension
No 0 0 0 0 0 0
Yes 14(L1,18) 102(07,13) -13(-15,-12) ~12(-14,-09)  -058(-084,-032) = —-07(-10,-05)
BG (mmol/L) 0.23(019,026) 015(0.12,008)  ~007(~0.11,-0.04)  0.03(-006,0.12)  -0.04(~0.08,0002) 0003 (~0.05,0.04)
TC (mmol/L) 03(02,05) 0.15(007,023) | =022(-031,0.12) | -003(-0.12,006) = —~0.04(-0.12,0.04) | —-0.08(~0.16,0.001)
TG (mmol/L) 05(02,07) 0.12(=003,027)  -034(=050,-0.18) = 0.15(-032,001) = —-007(0.19,0.06)  —0.03 (~0.16,0.09)

B, Beta coefficient; BG, Blood glucose; TC, Total cholesterol; TG, Triglyceride.
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H: Communality; Shiro-wet: Ethiopian dish mainly prepared using a mixture of the
chickpea flour, red pepper flour, tomatoes, onions, garlic, oil, and

following ingre
sometimes butter.
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