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Introduction: In Ethiopia, there is limited evidence on the effect of dietary protein intake on women’s body mass index. Therefore, this study investigated the association between dietary protein intake, diet quality, and overweight and obesity.

Methods: A cross-sectional study was conducted among 897 women of reproductive age. Food frequency questionnaires were used to assess 7-day dietary intake. It was converted into protein and other macro-nutrient intakes, Minimum Dietary Diversity for Women, and Global Dietary Quality Score. Body Mass Index (BMI) of overweight & obese women were defined as ≥25 kg/m2. An adjusted odds ratio with a 95% confidence interval (in a multivariate logistic regression model) was used to determine the strength of the association between BMI and dietary protein intake, adjusting for potential confounders.

Results: The median dietary protein intake was 41.3 (32.9, 52.6) grams/day or 0.8 (0.6, 1.0) grams/kilogram of body weight/day. The prevalence of overweight and obesity was 7.5% (n = 67). Only 220 (24.5%) women could meet the recommended minimum dietary diversity of five or more food groups out of 10 per day. Furthermore, only 255 (28.4%) women were found to have a low risk for nutrient adequacy. Interestingly, women who consumed moderate dietary protein had a significantly lower likelihood of being overweight or obese, with AOR of 0.21 (95% CI 0.10–0.48). Similarly, those who consumed a high amount of protein had even lower odds, with AOR of 0.03 (95% CI 0.01–0.14), compared to those who consumed a low amount of dietary protein. Age of 40–49 years (AOR = 3.33, 95% CI 1.24–8.95) compared to 18–29 years, non-farmers (AOR = 3.21, 95% CI 1.55–6.62), higher consumption of food from unhealthy groups (AOR = 1.30, 95% CI 1.05–1.61), and high fat intake (AOR = 1.06, 95% CI 1.04–1.09) were associated with overweight and obesity.

Conclusions and recommendations: The study indicated an inverse relationship between BMI and dietary protein intake. It also revealed that women who consumed foods from unhealthy or unhealthy when consumed in excessive amounts were more likely to be overweight or obese. Increasing dietary protein consumption can help reproductive-age women reduce the odds of obesity and overweight. Furthermore, community-based educational programs, policy changes, and healthcare services can support this effort.
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Introduction

The definition of diet quality varies depending on dietary habits, cultural background, the availability of local foods, and individual requirements (such as age, gender, and level of physical activity). However, it can be stated as the adequacy of essential nutrients and energy in supporting bodily functions, promoting well-being, facilitating physical activity, preventing infections, and reducing the risk of diet-related noncommunicable diseases (1). A diet consisting of lower-quality foods, such as highly processed snacks, sugary drinks, white grains, refined sugar, fried foods, foods high in unhealthy fats, and high-glycemic foods like potatoes can lead to weight gain, obesity and other chronic conditions such as diabetes, cancer, heart diseases, and stroke (2–4). Conversely, high-quality foods consist of unrefined, minimally processed options like vegetables, fruits, whole grains, nuts, pulses, healthy vegetable and seed oils, healthy fats, and healthy sources of plant and animal proteins (3, 5). Consuming high-quality foods in appropriate portions helps in maintaining good health and attaining an ideal body weight without obesity, while also reducing inflammation within the body (3, 6).

In the past, the absence of a single, validated index to assess diet quality in low- and middle-income countries has led to the utilization of proxy measures like dietary diversity scales. However, in recent years, standardized tools like the Global Dietary Quality Score (GDQS), has emerged to measure diet quality (7, 8). A lower score has been linked to an increased risk of obesity and its related complications, whereas higher scores have been associated with more favorable anthropometric measurements, including lower body mass index, waist-to-height ratio, and waist circumference (9, 10).

Globally, the prevalence of overweight and obesity has increased in the last few decades, including in low- and middle-income countries (11). As the global prevalence tripled between 1975 and 2016, the same pattern continued in many African countries, including Ethiopia (12, 13). It caused 2.4 million deaths and 70.7 million disability-adjusted life years among females in 2017 in the world (14). Overweight and obese women are at risk of chronic diseases, untimely death, mental disorders, postpartum bleeding, and fetal macrosomia (15, 16).

The fundamental cause of overweight and obesity is an energy imbalance between calories consumed and expended (12). It is also well-established that unhealthy eating pattern leads to weight gain (17). Furthermore, overweight and obesity were associated with advancing age, urban residence, female gender, better educational status, and being in the affluent quintile (18, 19). Recent evidence indicates an inverse association between healthy diets, overweight, and obesity (20).

The role of dietary protein in the development of obesity is controversial. Some studies indicated that excess protein intake beyond recommended daily requirements may increase fat-free mass and adiposity, with a high potential to increase BMI (18). On the other hand, high protein and low carbohydrates resulted in significant weight loss among obese adults in interventional studies (21, 22).

In recent years, plant-based proteins have been considered a healthy option to meet the body’s protein demands (23). Plant-based proteins are a significant source of dietary protein, calories, and minerals in many low- and middle-income settings. Though people who consume more plant-based staple foods were challenged by low protein quality (24) and had lower muscle mass index (25), it has also had positive outcomes. For instance, people who obtain protein from plant source has a lower risk of hypertension, cardiovascular disease, metabolic syndrome, and type-2 diabetes (23, 25).

Animal-source proteins (ASP) are energy-dense and contain readily digestible protein along with micronutrients (minerals including iron, zinc, calcium, and vitamins such as vitamins B-12, vitamin A, and riboflavin) that are essential to meet the body’s requirements (26). However, evidence indicates that excess consumption of ASP is associated with hypertension, cardiovascular diseases, type-2 diabetes, and metabolic syndrome (23, 25, 27). On the other hand, a diet rich in plant-based proteins but low in animal-source protein is essential to maintain a healthy condition (28).

Understanding the usual protein intake and other macronutrients among women of reproductive age is essential for evaluating their nutritional status (29). In Ethiopia, there is limited evidence on the effect of dietary protein intake on women’s body mass index. Therefore, this study investigated the association between dietary protein intake, diet quality, and overweight and obesity among women in Kersa district, Ethiopia.



Methods


Study area and period

This study was conducted in Kersa Health and Demographic Surveillance Site (HDSS) in the Oromia region of eastern Ethiopia from June to September 2019. The study site mainly consists of rural areas and includes 21 rural kebeles (the smallest administrative unit in Ethiopia), as well as the three small towns of Kersa, Lange, and Weter. The baseline census was conducted in 2007 and updated every 6 months to register demographic and health events. At baseline, 10085 houses, 10,522 households, and 50,830 people were registered. The total fertility rate ranges from 4.0 to 5.3. The details of the study area were published somewhere (30).



Study design and population

This was a cross-sectional quantitative survey using face-to-face interviews and anthropometric measurements. The study’s eligibility criteria required households to have at least one married woman between the ages of 15 and 49. In cases where multiple women in the household met these criteria, a lottery method was employed to select one woman for the interview. Both breastfeeding and non-lactating mothers were included, but pregnant women (self-reported) were excluded from the study for uniformity of anthropometric values. Based on energy intake, women with less than 500 or greater than 5,000 calories were excluded from the analysis because of its implausibility (31).



Sample size

As part of a larger study involving 1,200 households with women of reproductive age (15–49 years old) (32), only 897 women were included in this particular study. This is because 303 women were excluded from the analysis based on their pregnancy status (pregnant).

A post-hoc power analysis was conducted using G∗Power 3.1.9.4 software (33) to determine the study’s power. The analysis took into account an alpha level of 0.05, a sample size of 897, and a one-tailed distribution. Based on the odds ratio between women’s body mass index and associated factors such as moderate and high dietary protein intake, non-farmers, total fat and carbohydrate intake, the study found a power of 0.99.



Data collection and measurements

Research assistants administered a demographic and dietary survey to selected women in the sampled households. The information included the socio-demographic and dietary characteristics of the study population. Individual-based food frequency questionnaires (FFQ) assessed dietary intake, including total, animal, and plant-based proteins, over the previous 7 days and 24 h. The FFQ included all major food groups in 20 clusters (75 food items and drinks), including foods made from grains; pulses; nuts and seeds; milk and milk products; organ meat; meat, fish, and poultry. A 24-h dietary intake was used to calculate MDD-W; otherwise, a 7-day intake was used.

Food matching was made by referencing the Ethiopia Food Composition Table (EFCT) (34). For food items not found in EFCT, mainly fruits and vegetables, the Tanzanian Food Composition Table was referenced (35). Each food’s energy and nutrient values were obtained by cross-referencing the sources cited above. After that, the average daily consumption of food items was calculated by dividing 7-days consumption by 7. Women’s daily dietary protein intake (g) was divided by their body weight (kg) to generate protein intake in units of g/kg body weight/day (31). The recommended dietary allowance (RDA) estimates the minimum daily average dietary intake level that meets the nutrient requirements of nearly 97 to 98% of healthy individuals (36).

The RDA for protein is 0.8 gram/kilogram of body weight/day or 46 grams/day (37). Low protein intake is defined as daily protein consumption below RDA (<0.8 grams/kilogram of body weight/day); moderate intake is from 0.8–1.2 grams/kilogram of body weight/day, whereas high intake is defined as > = 1.2 grams/ kilogram of body weight/day (38).

Minimum Dietary Diversity for Women (MDD-W) was constructed by asking the respondents to recall the foods and beverages consumed with their quantities from each food group in the past 24 h (39). According to MDD-W guidelines, there are ten food groups, namely: 1-grains, roots, and tubers; 2-pulses; 3-nuts and seeds; 4-dairy; 5-meat, poultry, and fish; 6-eggs; 7-dark green leafy vegetables; 8- other vitamin A-rich fruits and vegetables; 9-other vegetables; and 10-other fruits (39). Women who consumed at least five of the ten possible food groups were classified as having minimally adequate dietary diversity (ADD). In contrast, those who consumed less than five were classified as having a low dietary diversity (LDD) (39).

Global Dietary Quality Score (GDQS), the latest tool that measures overall diet quality regarding both nutrient adequacy and diet-related non-communicable disease (NCD) risk, was used. It constitutes 25 food groups, of which 16 are healthy (scored by giving more points for higher intake), seven unhealthy (more points for lower intake), and two food groups are classified as harmful when consumed beyond the acceptable limit (increasing points are given until specific amounts have been consumed, after which no points are given). It is computed by adding all of the 25 food groups ranging from 0 to 49, scoring higher points reflecting a healthier diet. GDQS scores of ≥23 is associated with a low risk of both nutrient adequacy and NCD risk, scores ≥15 and < 23 indicate moderate risk, and scores <15 indicate high risk. Diet-related NCD risks include metabolic syndrome, change in weight and waist circumference, and incident type 2 diabetes (7, 8).

Height and weight were measured twice, and the average was used. With a stadiometer, height was measured to the nearest 0.1 cm with the subject barefoot. Weight was measured to the nearest 0.1 kg with the subject barefoot and in light clothes, using a standard clinical scale. BMI was calculated as weight(kg)/height(m)2. Body mass index, or BMI, is defined as weight in kilograms divided by the square of height in meters. The National Institutes of Health (NIH) and the World Health Organization (WHO) have defined overweight as a BMI of 25 to 30 kg/m2 and obese as a BMI of 30 kg/m2 or higher. A normal BMI range from 18.5 kg/m2 to 25 kg/m2 (40).

The dependent variable for this study was overweight and obesity, while the primary explanatory variable of interest was dietary protein intake. In addition, this study considered the following as potential confounders: age (years, continuous), women’s lactation status (yes/no), educational attainment (no formal education, attended formal education), if women are married (yes, no), wealth index (poor, middle, wealthy), occupation (farmer, non-farmer). We also examined the relationships of minimum dietary diversity of women (low/adequate), positive and negative global dietary quality score as continuous variables, total fat (continuous), and total carbohydrate (continuous) with overweight/obesity.



Statistical analysis

The normality of data was determined using Shapiro–Wilk’s test. Both BMI and dietary protein consumption were skewed to the right. Outlier detection was made by visual inspection of histograms and box plots. Therefore, the median values with 25th and 75th percentiles were chosen as the cut-offs to report the findings. A binary logistic regression model was used to determine the association between overweight and obesity and dietary protein consumption taking women with normal BMI as a reference group. An adjusted odds ratio (with 95% CI) was used to determine the strength of the association in models adjusting for intake of fat and carbohydrate, age, wealth index, education, marital, occupation, and lactational status. Statistical significance was determined using a value of p <0.05. Analysis was conducted using Stata version 16.0 (41).




Results


Socio-demographic characteristics and nutritional status

A total of 897 women (18–49 years) were included in this analysis. The median age of the participants was 30 (27, 35) years. The majority of the participants, 734 (81.8%), were farmers, 849 (94.6%) were Muslims, 876 (97.7%) were married, and 597 (66.6%) were lactating (not pregnant). Based on the wealth index, 33.9, 33.6, and 32.5% of the women were classified into poor, medium, and rich wealth quartiles, respectively. The prevalence of overweight and obesity among women of reproductive age in Kersa was 7.5% (67/897) (Table 1).



TABLE 1 Socio-economic status of reproductive age women in Kersa, 2019.
[image: Table1]



Minimum dietary diversity for women (MDD-W)

Three out of four women in Kersa had a low dietary diversity (LDD), whereas only 220 (24.5%) achieved the recommended minimum dietary diversity of five or more food groups out of 10 per day. Median dietary diversity was low, with women consuming three out of 10 possible food groups Figure 1. Almost all participants reported consuming “grains, roots and tubers” and other vegetables. 559 (62.4%) participants consumed dairy products. The least frequently (less than 10%) consumed food groups were “meat, fish and poultry,” “nuts and seeds,” “eggs,” and other fruits Figure 2.

[image: Figure 1]

FIGURE 1
 Dietary Diversity of women in Kersa, Ethiopia 2019.
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FIGURE 2
 Consumption of food groups among women of reproductive age women in Kersa Ethiopia 2019.




Protein and energy intake

The median protein intake was 41.3 (32.9, 52.6) grams/day or 0.8 (0.6, 1.0) grams/ kilogram of body weight/day. Most dietary proteins were plant-based, with a median of 32.9 (26.1, 41.5) grams/day, while the median animal protein intake was 9.2 (2.0, 12.8) grams/day. Only 33.7% of reproductive-age women reported meeting the RDA for protein. Only 2.4% of total energy intake was derived from animal protein, while 10.1% was from plant protein. Most women, 695 (77.5%), consumed energy less than or equal to 1700 kcal /day Table 2.



TABLE 2 Intake of protein, other macro-nutrients, and total energy among women in Kersa, 2019.
[image: Table2]



Global dietary quality score (GDQS)

GDQS scores show 255 (28.4%) of participants are with a low risk of both nutrient adequacy and diet-related NCD risk, 630 (70.2%) were at moderate risk, and 12 (1.3%) were at high risk. The overall diet quality score ranges from 14 to 33; the median score was 20.5 (18.5, 23.0). The GDQS+ sub-metric score, which has 16 healthy food groups, ranges from 2 to 19 with a median of 6.5 (3.5, 9.3). On the other hand, the GDQS- sub metric, the 9 GDQS food groups of unhealthy or unhealthy in excessive amounts, has a range from 9 to 16. The median score of GDQS- sub-metric was 14 (13.0, 16.0).



Association between dietary protein intake and overweight/obesity

Being overweight and obese was inversely associated with dietary protein intake in adjusted models. Reproductive age women who consumed a moderate amount of dietary protein had a significantly lower likelihood of being overweight or obese, with AOR of 0.21 (95% CI 0.10–0.48). Similarly, those who consumed a high amount of dietary protein had even lower odds, with AOR of 0.03 (95% CI 0.01–0.14), compared to those who consumed a low amount of dietary protein. On the other hand, the odds of being overweight and obese were three times (AOR = 3.33, 95% CI 1.24–8.95) higher among women in the age group of 40–49 years compared with women in 18–29 years. Similarly, non-farmers were three times (AOR = 3.24, 95% CI 1.54–6.82) more likely to be overweight and obese when compared to farmer women. Additionally, it was found that an increase in fat intake by one unit resulted in a 6% higher likelihood of being overweight or obese (AOR = 1.06, 95% CI 1.04–1.09). Furthermore, a unit increase in consumption of food groups from unhealthy or unhealthy in excessive amounts (GDQS-) has 30% (AOR = 1.30, 95% CI 1.05–1.61) increased likelihood of overweight and obesity. Finally, while the association was weak, there was a positive association between total carbohydrate intake and overweight and obesity (AOR = 1.005, 95% CI 1.00–1.01) Table 3.



TABLE 3 Association of protein intake with overweight and obesity while controlling for MDD-W, GDQS, sociodemographic, and other variables in Kersa, 2019.
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Discussion

This study found that 7.5% of reproductive-age women in Kersa were overweight and obese. The recommended minimum dietary diversity of five or more food groups out of 10 per day was achieved by only 24.5% of women. Global Diet Quality Scores show 28, 70.8, and 1.2% of participants had a low, moderate, and high risk of nutrient adequacy and diet-related non-communicable diseases. Being overweight and obese was inversely associated with dietary protein intake per kilogram of body weight in adjusted models. Similarly, advancing age, non-farmers, higher consumption of food from unhealthy groups, and high fat intake were associated with overweight and obesity. Lastly, the study identified moderate dietary protein intake, non-farming occupation, middle age, better education, and wealth determinants of adequate diversity score.

The predominantly rural Kersa HDSS exhibited a higher prevalence of overweight and obesity (7.5%) among women of reproductive age compared to the national prevalence of 4% for rural residents in Ethiopia in 2016 (43). Notably, reports indicate a consistent rise in the prevalence of overweight and obesity in this age group, increasing from 3% in 2000 to 8% in 2016 in Ethiopia (44). The prevalence of overweight and obesity reached an alarming level in some developing countries such as 50.4% in Tanzania (45), 35.2% in Bangladesh (46), and 55.20% in Brazil (47). This shows the urgent need for targeted interventions and policies to address this growing issue and improve the health outcomes of women and their children.

In the current study, moderate and higher dietary protein intake is associated with low BMI among women of reproductive age. This is in line with similar studies that the consumption of high-protein diets produced more significant weight loss, lower BMI, loss of fat mass, and preserved lean mass compared with the consumption of normal-protein diets (48, 49). Unlike high fat and high carbohydrates (50), high protein intake, especially plant-based, does not result in excess energy and weight gain (51). Dietary protein is protective against overweight and obesity because it promotes satiety, energy expenditure and changes body composition in favor of fat-free body mass (52). However, the majority of reproductive age women in Kersa experience energy deficiency, which can be attributed to factors such as low socio-economic status, limited access to nutritious and diverse food options, and inadequate access to clean water and sanitation facilities. These factors can compromise the health and energy levels of women.

This study revealed that total carbohydrate intake has a weak but positive association with overweight and obesity among women of reproductive age. In this rural area, three fourth of energy was derived from carbohydrates such as foods made from cereals. However, in the body of the literature, there are controversies in selecting carbohydrates for weight reduction and reducing the risk of NCDs (53). On the other hand, a combination of low carbohydrates and high protein is emerging as an intervention to reduce body weight (54). Consistent with a critical review, women who consumed higher protein diets were less likely to be overweight and obese (55). This is due to high protein diets causing an increase in thermogenesis, decrease in fat absorption, and increase in fecal fat excretion (dairy products) or altering the intake of other nutrients, including carbohydrates and fats (56).

According to this study, the median dietary protein consumption for women in Kersa was found to be 0.8 grams per kilogram of body weight per day. This is slightly lower than the World Health Organization’s recommendation of 0.83 grams per kilogram of body weight per day to meet the needs of 97.5% of a healthy adult population. The study also found that lactating mothers in Kersa had slightly lower average daily dietary protein and energy intake compared to non-lactating women. This is in contrast to the WHO’s recommendation that lactating women should consume an additional 19 grams of protein per day in the first 6 months postpartum and 12.5 grams of protein per day after 6 months (57). Additionally, breastfeeding women are advised to consume an extra 500 kilocalories per day to compensate for the energy cost of lactation, in addition to the recommended energy intake for non-pregnant women (58).

The GDQS and dietary diversity are two important factors that are often associated with overweight and obesity. In Kersa, a unit increase in the consumption of food groups categorized as unhealthy or unhealthy in excessive amounts (GDQS-), increased the likelihood of overweight and obesity in 30% but dietary diversity was not associated with overweight and obesity. This is compatible with other similar studies (59, 60). However, some studies shows that higher dietary diversity increases the odds of obesity and overweight (61–63). It is important to be cautious when promoting health messages to the community, as consuming energy-dense foods from a variety of groups can lead to weight gain and obesity. On the other hand, women with lower are more likely to be overweight or obese, while those with higher GDQS have a lower risk (20, 59). Therefore, it is important to strike a balance between a high GDQS and appropriate dietary diversity in order to maintain a healthy weight and prevent overweight and obesity.

This study has provided valuable insights into the dietary protein intake and body mass index of reproductive-age women in Kersa. However, it is important to acknowledge that there are limitations to this study. Like all cross-sectional designs, it does not allow for causal inferences to be made. Therefore, future longitudinal studies should be conducted to examine dietary protein intake, as well as other macronutrients, energy intake, diet quality, and the entire range of body mass index in a similar population. Additionally, it is crucial to consider other factors such as lifestyle and behaviors, as the complex etiology of obesity cannot be fully explained by dietary protein intake alone. Lastly, it is worth noting that the Ethiopian food composition table did not include all the food items consumed in Kersa, so the Tanzanian food composition table was also used for missing food items. This may result in some differences in nutrient content between the two countries.



Conclusions and recommendations

The study indicated an inverse relationship between body mass index (BMI) and dietary protein intake. It also revealed that women who consumed foods from unhealthy or unhealthy when consumed in excessive amount group were more likely to be overweight or obese. By increasing dietary protein consumption, reproductive age women can minimize the odds of becoming obese or overweight. Furthermore, it is crucial to implement interventions that encompass community-based educational programs that promote healthy eating, policy that support healthy food choices and increase accessibility of protein rich foods, and healthcare services to provide regular health screenings for women to identify underlying health concerns related to weight management and offer personalized guidance on incorporating dietary protein into their diets.
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S/No Variable Number Percent

Education status No formal education 479 534

Formal education 418 466

2. Occupation Farmer 734 518
Non-farmer 163 152

3 Lactation status Lactating (Non-pregnant) 597 666
Non-lactating (non-pregnant) 300 334

4 Religion Muslim 849 946
Non-Muslim 48 54

5 Marital Status Married or lives with partner 876 97.7
Divorce, Widow and Separated 21 23

6 Wealth index Poor 304 339
Middle 301 336

Rich 292 325

7. Age (years) 18-25 201 24
26-35 522 582

36-49 174 194

8. Residence Semi-urban 142 158
Rural 755 842

9. Body Mass Index Normal 675 752
Overweight and obese 67 75

Underweight 155 173

10. Protein intake based on RDA Low 446 49.7
Moderate 317 353

High 134 150

1. Minimun dietary diversity Low diet diversity 676 755
Adequate diet diversity 220 25

12 Energy consumed Less or equal to 1700keal /day 695 775
Higher than 1700 kcal/day 202 25

13, Global dietary quality score Low risk 255 284
Moderate risk 630 702
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Total Protein (grams)

Animal-source protein

(grams)
Plant-based protein (grams)
Carbohydrate (geams)

Fat (gram)

Total Energy (Keal)

Median intake
grams/day
(25th and 75th
percentiles)

413 (329,526)

92(20,128)

329(26.1,415)
253.3 (2013, 316.6)

255 (18.9,33.0)

Median intake grams/
kilogram of body
weight/day (25th and
75th percentiles)

08(06,1.0)
02(0.1,03)

0.6(0.5,08)
49(38,6.1)

05(0.4,0.7)

13526 (1089.8, 1649.9)

Recommended dietary allowance (RDA)

46 gram/day or 0.8 grams/ kilogram of body weight/day. For lactating
women from 1.1-1.3 gram/kilogram of body weight/day (37)

130 gramy/day (37)
Data not available for RDA of fat (37)

1,900-2,200 calories per day (12). Energy requirements varies based on
factors such as age, height, weight, physical activity level, actation status,

and overall health status
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