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Abstract
Objective: This study investigated associations between types and food sources of
protein with overweight/obesity and underweight in Ethiopia.
Design: We conducted a cross-sectional dietary survey using a non-quantitative
FFQ. Linear regression models were used to assess associations between percent-
age energy intake from total, animal and plant protein and BMI. Logistic regression
models were used to examine the associations of percentage energy intake from
total, animal and plant protein and specific protein food sources with underweight
and overweight/obesity.
Setting: Addis Ababa, Ethiopia.
Participants: 1624 Ethiopian adults (992women and 632men) aged 18–49 years in
selected households sampled using multi-stage random sampling from five sub-
cities of Addis Ababa.
Results: Of the surveyed adults, 31 % were overweight or obese. The majority of
energy intake was from carbohydrate with only 3 % from animal protein. In multi-
variable-adjusted linear models, BMI was not associated with percentage energy
from total, plant or animal protein. Total and animal protein intake were both asso-
ciated with lower odds of overweight/obesity (OR per 1 % energy increment of
total protein 0·92; 95 % CI: 0·86, 0·99; P= 0·02; OR per 1 % energy increment of
animal protein 0·89; 95 % CI: 0·82, 0·96; P= 0·004) when substituted for carbohy-
drate and adjusted for socio-demographic covariates.
Conclusion: Increasing proportion of energy intake from total protein or animal
protein in place of carbohydrate could be a strategy to address overweight and
obesity in Addis Ababa; longitudinal studies are needed to further examine this
potential association.
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Malnutrition is the top risk factor for death and disability in
Ethiopia, responsible for 24 % of all deaths(1). The country
faces a high double burden of malnutrition, with 22 % of
women and 33 % of men underweight, and 8 % of women
and 3 % of men overweight or obese. In Ethiopia’s capital
city, Addis Ababa, the prevalence of overweight and
obesity (29 % of women and 20 % of men) has overtaken
that of underweight (13 % of women and 18 % of

men)(2). Overweight and obesity, along with unhealthy life-
styles, are important risk factors for non-communicable dis-
eases such as CVD, type 2 diabetes and some cancers(3).
Obesity is particularly harmful in low-income settings with
high rates of childhood malnutrition, as exposure to under-
nutrition in early life exacerbates the relationship between
obesity and risk of non-communicable diseases(4). As
in other urban areas in sub-Saharan Africa (SSA),
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non-communicable diseases such as diabetes and CVD
have become major causes of morbidity and mortality in
Addis Ababa, responsible for 31 % of deaths reported by
hospitals(5).

Innovative strategies are needed to address the double
burden of malnutrition, especially in low-income, urban
settings. Increasing the proportion of energy intake from
protein could be a potential intervention to simultaneously
prevent or treat underweight and overweight. Protein defi-
ciency, contributing to protein-energy malnutrition, is a
major cause of disability in Ethiopia(6). In 2013, an esti-
mated 49 % of women and 69 % of men in Ethiopia were
below the estimated average requirement for protein
intake(7). Protein intake in low-income countries such as
Ethiopia tends to be limited, as themajority of energy intake
comes from cereal-based staple foods, with on average
only 3 % of energy from meat, 11 % from roots and tubers
and 6 % from pulses, nuts and oilseeds(8). Low protein
intake can lead to stunting and wasting, especially in child-
hood(8). An analysis of 180 countries found that higher
national-level estimates of total protein intake were associ-
ated with lower prevalence of child stunting(9). Higher uti-
lisable protein estimates (which take into account the
digestibility of the protein sources and the essential amino
acid composition) were associated with lower prevalence
of child stunting, independent of energy intake(9). One
study estimated a potential 1·19-year increase in life expect-
ancy at birth if the adult population of Addis Ababa ate
enough protein to meet the required daily amounts and
a 0·42–2·0 percentage point decrease in child stunting, with
animal-source foods more efficacious than plant-source
foods in reducing stunting(10).

While evidence from low-income settings is limited,
studies in Western populations suggest that increased pro-
tein intakemay have favourable effects on bodyweight and
cardiometabolic health. In the USA and Canada, protein
intake above the RDA has been associated with lower body
weight, more favourable body composition and lower
waist circumference(11,12). A meta-analysis of short-term
randomised trials suggests that high protein diets (20–
35 % of energy from protein) may lower cardiometabolic
risk through changes in body composition and/or
weight(13). Higher-protein diets often have a relatively
low energy density, which can aid appetite suppression,
reduce overall food intake, preserve lean body mass and
promote weight management(14).

While evidence from short-term studies indicates that
overall protein intake may be beneficial for improving car-
diometabolic health, it is important to consider potential
divergent health effects of distinct protein sources.
Traditionally, animal-source protein has been thought to
be beneficial for the reduction of undernutrition(15,16), but
the relationship between animal protein, plant protein
and cardiometabolic health is unclear. In the USA, diets
higher in both plant and animal protein, independent of
other dietary factors, have been associated with

cardiometabolic benefits including decreased BMI and
waist circumference(17). In Korea, increased amounts of
both plant and animal protein have been found to decrease
BMI and waist circumference(18). However, in Belgium,
plant protein intake was associated with lower BMI and
waist circumference in males and females, while animal
protein was associated with higher BMI and higher waist
circumference in males(19). Plant protein intake has also
been associated with favourable changes in waist circum-
ference in the USA(20) and lower risk of metabolic syn-
drome in Australia(21). In two large US cohorts, total
protein intake was not associated with total mortality, but
animal protein was associated with higher mortality and
plant protein was associated with lower mortality.
However, these findings may reflect in part the types of
fat in animal and plant foods and other unhealthy compo-
nents of animal-source foods commonly consumed in
Western settings (such as sodium, nitrates and nitrites
found in processed red meat) rather than just the type of
protein(22).

Nearly all evidence on protein intake and cardiometa-
bolic health is from high-income countries, which may
not be generalisable to low-income settings where animal
protein consumption is much lower and food sources of
protein differ. While shifts from animal to plant sources
of protein are encouraged in Western populations for
health and environmental benefits, promotion of animal-
source foods in place of carbohydrate in low-resource set-
tings in SSA, where the majority of energy is from starchy
carbohydrates, may improve dietary quality, micronutrient
intake and have metabolic benefits through reducing gly-
caemic load(15,23). Ethiopia is currently creating dietary
guidelines to address the double burden of malnutrition(24);
however, there is a lack of robust dietary data on protein
consumption in Ethiopia and a need to clarify how distinct
protein sources are related to underweight and overweight
in order to form evidence-based guidelines. Therefore, we
aimed to examine the associations between proportion of
energy from total, animal and plant protein, as well as food
sources of protein, with underweight and overweight/
obesity in Ethiopian adults.

Methods

Household survey
Between January and March 2018, we conducted a cross-
sectional study among 1050 urban households in Addis
Ababa including 1050 adult women and 635 adult men
18–49 years of age to characterise patterns in protein-
source food production, access and consumption.We used
multi-stage random sampling to select households from
five sub-cities of Addis Ababa, Ethiopia. Eligible house-
holds included a woman of reproductive age (18–49)
and at least one child between 6 and 59 months of age.
If there was an adult male age 18–49 years available at
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the household, they were also included in the sample. If
more than one adult male or adult female was living in
the household and present at the time of the interview,
one was randomly selected. If the woman of reproductive
age was pregnant, she was included in the survey; how-
ever, pregnant women were excluded from this analysis
(n 56). We invited 1083 eligible households to participate
and 1050 provided informed consent (response rate of
97 %). The woman of reproductive age completed a house-
hold survey including questions on socio-economic status
and demographic characteristics. Both the adult man and
woman completed a seventy-three-item non-quantitative
FFQ assessing the number of days each food was con-
sumed out of the past 7 d, which was administered at
the participant’s household by a trained interviewer.
Portion sizes and frequencies of intake were not collected.
This FFQ was adapted from a semi-quantitative FFQ previ-
ously validated for use against two 24 h diet recalls among
urban adults in Dar es Salaam, Tanzania(25) and was modi-
fied to reflect foods commonly consumed in Ethiopia.
Height wasmeasured for all men andwomen to the nearest
0·1 cm with the subject barefoot using a stadiometer.
Weight was measured to the nearest 0·1 kg with the subject
barefoot and in light clothes using a SECA digital scale. BMI
was calculated as weight in kilograms divided by height in
metres squared. Based on BMI, individuals were classified
using standard cut-offs as underweight (< 18·5 kg/m2),
healthy weight (18·5–24·9 kg/m2), overweight (25–29·9
kg/m2) or obese (≥ 30 kg/m2). All participants had com-
plete height, weight and dietary data.

Assessment of dietary intake
We calculated energy, protein, carbohydrate and fat intakes
using (1) FFQ dietary intake data, (2) nutrient contents from
the Ethiopian Food Composition Table(26) and (3) portion
sizes for men and women obtained from previous nutrition
surveys in Addis Ababa(27). We used the Tanzanian Food
Composition Table(28) where Ethiopian estimatesweremiss-
ing. No participants had implausibly high energy intakes
(greater than 4500 kcal/18 828 kJ per day), but five partici-
pants with energy intakes less than 500 kcal/2092 kJ per
day were excluded from the analysis. We estimated the
prevalence of inadequate protein intake by applying the
estimated average requirements for protein intake for each
individual (0·66 g/kg/d for adult men and non-lactating
women and 1·05 g/kg/d for lactating women)(29).

Covariate Measurements
Covariates were collected in the socio-demographic house-
hold survey administered to women and included age,
highest level of school completed, religion, marital status,
employment, household size, indicators of household liv-
ing standards and household food insecurity. The women’s
covariates were used for themen living in their households.
All households had complete covariate data. To measure

household wealth, participants were categorised into quar-
tiles based on a wealth index that was constructed using
principal components analysis and a set of twelve indica-
tors describing household living standards and possessions
owned(30). Household food insecurity was assessed using
the Household Food Insecurity Access Scale, which is a
standardised scale ranging from 0 to 27 based on a nine-
item questionnaire including the following food security
domains: uncertainty about the household food supply,
insufficient quality of food and insufficient food intake.
This scale has been used across cultural contexts and cat-
egorises households and populations as food secure,
mildly food insecure, moderately food insecure or severely
food insecure(31).

Statistical analysis
Descriptive statistics were presented as means and stan-
dard deviations; medians and 25th/75th percentiles or
proportions. Relationships between socio-demographic
characteristics and protein intake were assessed by testing
for linear trends in socio-demographic characteristics
across quartiles of percentage energy from total protein
intake using linear regression (for continuous variables),
logistic regression (for binary variables) and ordered multi-
nomial logistic regression (for categorical variables with
more than two levels). Linear models adjusting for socio-
demographic variables were used to examine associations
between percentage energy from total protein, plant pro-
tein and animal protein and continuous BMI. Percentage
energy from total protein, plant protein and animal protein
were examined in linear models as continuous exposures
and also in quartiles, with the first quartile representing the
lowest percentage energy intake from total, plant or animal
protein. We assessed potential nonlinearity in the associa-
tions between BMI and percentage energy from total, plant
and animal protein by modelling each exposure in multi-
variate-adjusted models as cubic splines with 2 df.

Logistic regression models were used to examine the
associations of percentage energy from total, plant and ani-
mal protein (both in quartiles and as continuous exposures)
with a binary variable for overweight/obese (defined as
BMI≥ 25 kg/m2) and a binary variable for underweight
(BMI < 18·5 kg/m2) to examine effects of protein sources
on underweight and overweight/obesity independently.
Overweight/obese and underweight models were run sep-
arately excluding underweight participants from models
with an outcome of overweight/obesity and vice versa to
maintain a comparison group of those with a healthy
weight. Analyses were also performed separately by sex
because women and men may have different risks of
underweight and overweight(32,33). In addition, the top
ten food sources of protein intake in the sample were iden-
tified and logistic regression models were used to investi-
gate the associations between percentage energy from
each protein food with overweight and underweight.
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All dietary factors were expressed as nutrient densities
(percentage of total energy intake) to examine diet compo-
sition without constraining total energy intake, as this may
be the primary mediator of how dietary exposures affect
outcomes of body weight(34,35). We used these nutrient
density models to estimate the effect of substituting per-
centage energy from total, animal and plant protein for
an equal percentage energy from carbohydrate as well as
substituting animal for plant protein. In all analyses, multi-
variable-adjusted models controlled for female’s age, sex,
female’s educational attainment (never attended school,
completed primary or less, completed higher than pri-
mary), if female is married or living with partner (yes,
no), wealth index (poorest, poor, wealthy and wealthiest),
female’s religion (orthodox Christian or not orthodox
Christian), household size (continuous) and female
employed (yes, no). Carbohydrate substitution models
controlled for the same covariates as the multivariable-
adjusted models plus percentage of calories from total fat
(continuous). Carbohydrate substitution models with plant
protein as the exposure additionally adjusted for percent-
age energy from animal protein and models with animal
protein as the exposure additionally adjusted for percent-
age energy from plant protein. Animal and plant protein
substitution models were also included to estimate the
effect of substituting animal for plant protein (or
vice versa) by adjusting for all socio-demographic covari-
ates in the multivariable-adjusted models, plus percentage
of calories from carbohydrate (continuous) and percentage
of calories from fat (continuous).

Secondary analyses examined the associations between
percentage energy from total protein, plant protein and ani-
mal protein and continuous BMI separately excluding
underweight participants and excluding overweight partici-
pants as the relationship between protein intake and BMI
may differ in the context of overfeeding and underfeed-
ing(36). Secondary analyses were also performed adjusting
for total energy intake as a continuous variable in the linear
models examining percentage energy from total protein,
plant protein and animal protein with continuous BMI; as
well as the logistic models with binary outcomes of over-
weight and underweight. In addition, because 29 % of
participants reported currently lactating, secondary analy-
ses were conducted adjusting for lactation status to rule out
potential confounding due to postpartumweight retention.
To confirm our estimation of substitution effects using the
nutrient density models, we also estimated substitutions
using the energy partition model(34) by including percent-
age of energy from fat, carbohydrate and protein as con-
tinuous variables in the same multivariable model. For
this secondary analysis, the difference in the coefficients
for each macronutrient plus their covariance was used to
estimate substitution effects(34).

A two-sided probability value< 0·05 was considered to
indicate a statistically significant difference. Statistical
analyses were conducted using Stata 16·1 (StataCorp LP).

Results

Characteristics of the survey population are presented in
Table 1. After excluding participants with implausible
energy intakes (n 5) and pregnant women (n 56), there
were 632 men and 992 women included in the final analy-
sis. Most participants were Orthodox Christian, had com-
pleted primary school or higher and were married.
According to the Household Food Insecurity Access
Scale, 38 % of households were food insecure(31).
Female’s age, male sex, Orthodox Christian (v. not), mar-
ried (v. not), household size, household wealth quartile,
household food security and BMI were all positively asso-
ciated with percentage energy intake from total protein in
bivariate analyses (P< 0·05; Table 1). Median energy
intake (P25, P75) was 1695 (1353, 1986) kcal/d for men
and 1556 (1223, 1890) kcal/d for women. Mean protein
intake was 14 % of total energy for men and 14 % of total
energy for women. Mean percentage energy from carbohy-
drates and fat was 69 % and 17 %, respectively. The propor-
tion of participants who did not meet the estimated average
requirement for protein intake was 21 % of men, 23 % of
non-lactating women and 62 % of lactating women. Plant
protein made up 83 % of total protein intake in men and
84 % in women. Major sources of dietary protein for both
men and women included teff (36 % of protein), beef meat
(12 %), peas (10 %), lentils (9 %) and wheat (5 %). In this
sample, 10 % of women and 8 % of menwere underweight,
24 % of women and 23 % ofmenwere overweight and 10 %
of women and 3 % of men were obese.

In linear models adjusted for socio-demographic cova-
riates, percentage energy from total protein was not asso-
ciated with continuous BMI (Table 2). A greater
percentage energy from plant protein was associated with
lower BMI in linear models adjusted for age and sex, but
this was NS after controlling for covariates. In age- and
sex-adjusted linear models, a greater percentage energy
from animal protein was positively and significantly asso-
ciated with increased BMI (β for 1 % energy increment
0·15; 95 % CI: 0·07, 0·23; P < 0·001). However, this was
NS after adjusting for socio-demographic characteristics.
Of all covariates, wealth and education were strong con-
founders of this relationship and inclusion of either in the
model nullified the positive association between animal
protein and BMI. Additionally adjusting for percentage
energy from fat (which changes the model into a substitu-
tion of animal protein for carbohydrate) flipped the asso-
ciation to inverse, although this was NS (β for 1 % energy
increment –0·09; 95 % CI: –0·22, 0·05; P = 0·20) (Table 2).
There was no evidence of nonlinearity for the associations
between BMI and percentage energy from total protein,
plant protein and animal protein in multivariate-adjusted
models (see online supplementary material,
Supplemental Fig. 1) or multivariate-adjusted carbohy-
drate substitution models (see online supplementary
material, Supplemental Fig. 2).
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Total protein intake was associated with lower odds of
overweight/obesity (OR per 1 % energy increment 0·92;
95 % CI: 0·86, 0·99; P= 0·02) compared with healthy
weight, after adjusting for age, sex, percentage energy from

total fat, educational attainment, marital status, wealth
index, religion, household size and employment status
(Table 3). Participants in the third quartile of percentage
energy from total protein had a lower odds of

Table 1 Demographic characteristics of 1624men andwomen aged 18–49 in Addis Ababa, Ethiopia by quartiles of percentage energy intake
from total protein

Percentage energy from total protein

Q1†
(n 406)

Q2
(n 406)

Q3
(n 406)

Q4
(n 406)

Overall
(n 1624)

% n % n % n % n % n

Socio-demographic‡
Female’s age years**
Mean 29·1 29·7 29·9 30·6 29·8
SD 5·6 5·6 5·9 5·7 5·7

Female** 64·3 261 66·5 270 63·1 256 50·5 205 61·1 992
Female is Orthodox Christian* 2·7 295 73·2 297 77·8 316 78·1 317 75·4 1225
Education
Never attended school 10·8 44 9·1 37 9·1 37 11·3 46 10·1 164
Completed less than primary 44·8 182 40·4 164 37·4 152 30·5 124 38·3 622
Completed primary or higher 44·3 180 50·5 205 53·4 217 58·1 236 51·6 838

Marital status**
Married or lives with partner 84·5 343 90·9 369 90·4 367 93·3 379 89·8 1458

Female employed 36·2 147 35·7 145 36·0 146 30·5 124 34·6 562
Household size*
Mean 4·3 4·5 4·5 4·7 4·5
SD 1·5 1·6 1·6 1·8 1·6

Wealth index**
Poorest 30·0 122 27·6 112 21·7 88 18·2 74 24·4 396
Poor 27·8 113 26·8 109 25·1 102 23·6 96 25·9 420
Wealthy 23·2 94 20·9 85 27·8 113 25·9 105 24·4 397
Wealthiest 19·0 77 24·6 100 25·4 103 32·3 131 25·3 411

Household is food insecure** 40·6 165 44·3 180 37·7 153 27·6 112 37·6 610

Anthropometric and nutritional
BMI*
Mean 23·1 23·6 23·3 23·9 23·5
SD 4·0 4·0 3·9 4·3 4·1

Underweight (BMI< 18·5) 11·6 47 8·4 34 7·1 29 9·4 38 9·1 148
Overweight (25≤BMI< 30) 22·4 91 26·3 107 21·9 89 24·1 98 23·7 385
Obese (BMI≥ 30) 5·7 23 7·9 32 5·4 22 9·6 39 7·1 116
Total energy intake (kcal/d)
Median 1287 1621 1706 1782 1613
P25, P75 1027, 1616 1328, 1911 1397, 2068 1438, 2135 1279, 1939

% Energy from plant protein
Mean 11·1 11·8 12·1 11·9 11·7
SD 1·1 1·6 1·9 2·3 1·8

% energy from animal protein
Mean 0·8 1·9 2·6 4·6 2·5
SD 1·1 1·6 1·9 2·7 2·4

Protein intake (g/d)
Median 38·3 54·9 62·9 73·4 57·0
P25, P75 29·7, 49·5 44·4, 65·6 52·0, 76·3 60·5, 87·0 43·2, 72·6

Estimated average requirements by population group
% of men below the estimated average requirement
(EAR) for protein intake§ (n 632 men)

60·0 87 16·2 22 7·3 11 5·0 10 20·6 130

% of non-lactating women below the EAR for
protein intake§ (n 529 non-lactating women)

55·5 76 20·1 28 10·5 14 4·2 5 23·3 123

% of lactating women below the EAR for protein
intake|| (n 463 lactating women)

88·7 110 66·4 87 43·9 54 41·2 35 61·8 286

*P< 0·05.
**P< 0·001.
†Demographic characteristics are presented by quartiles of percent energy from protein intake, with the first quartile representing the lowest percent energy intake from protein.
‡Data are presented as mean ± SD or median (P25, P75) for continuous measures and % (n) for categorical measures.
§EAR for protein intake are 0·66 g/kg/d for adult men and women aged 19–70 years.
||EAR for protein intake are 1.05 g/kg/d for lactating women.
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Table 2 Beta coefficients (95% CI) for percentage energy intake from total protein, plant and animal protein in relation to BMI among 1624 adults in Addis Ababa, Ethiopia

Q2 Q3 Q4 Per 1% difference‡

Q1†
Beta coeffi-

cients 95% CI
Beta coeffi-

cients 95% CI
Beta coeffi-

cients 95% CI
Beta coeffi-

cients 95% CI Ptrend

Percentage energy from total protein
Mean % energy 11·8 13·6 14·8 16·5 14·2
Age- and sex-adjusted§ 0·0 (Ref) 0·38 –0·16, 0·92 0·05 –0·49, 0·59 0·61* 0·06, 1·15 0·09 –0·02, 0·19 0·07
Multivariable-adjusted|| 0·0 (Ref) 0·22 –0·31, 0·75 −0·18 –0·71, 0·35 0·24 –0·30, 0·78 0·01 –0·10, 0·11 0·65
Multivariable-adjusted carbohydrate
substitution¶

0·0 (Ref) 0·11 –0·43, 0·65 −0·33 –0·88, 0·22 −0·03 –0·62, 0·56 −0·06 –0·18, 0·06 0·60

Percentage energy from plant protein
Mean % energy 9·4 11·1 12·3 14·1 11·7
Age- and sex–adjusted 0·0 (Ref) −0·47 –1·01, 0·07 −0·42 –0·96, 0·12 −0·71* –1·25, –0·17 −0·17* –0·27, –0·07 0·01
Multivariable-adjusted 0·0 (Ref) −0·27 –0·80, 0·26 −0·04 –0·57, 0·50 −0·04 –0·60, 0·51 −0·02 –0·13, 0·08 0·94
Multivariable-adjusted carbohydrate substitution 0·0 (Ref) −0·21 –0·78, 0·36 −0·05 –0·65, 0·55 −0·04 –0·70, 0·62 −0·03 –0·17, 0·10 0·93
Multivariable-adjusted animal protein
substitution††

0·0 (Ref) −0·12 –0·67, 0·43 0·09 –0·46, 0·64 0·13 –0·47, 0·73 0·01 –0·11, 0·13 0·54

Percentage energy from animal protein
Mean % energy 0·0 1·2 2·9 5·7 2·5
Age- and sex-adjusted 0·0 (Ref) 0·82* 0·28, 1·36 0·66* 0·13, 1·20 1·00** 0·46, 1·54 0·15** 0·07, 0·23 < 0·01
Multivariable-adjusted 0·0 (Ref) 0·47 –0·07, 1·01 0·09 –0·46, 0·65 0·12 –0·45, 0·70 0·02 –0·07, 0·11 0·89
Multivariable-adjusted carbohydrate substitution 0·0 (Ref) 0·27 –0·28, 0·83 −0·30 –0·93, 0·32 −0·56 –1·33, 0·21 −0·09 –0·22, 0·05 0·07
Multivariable-adjusted plant protein
substitution‡‡

0·0 (Ref) 0·27 –0·29, 0·83 −0·28 –0·89, 0·33 −0·51 –1·23, 0·21 −0·08 –0·20, 0·03 0·06

*P< 0·05.
**P< 0·001.
†Percentage energy from total protein, plant protein and animal protein were examined in linear models as continuous exposures and also in quartiles; Q1 represents the lowest percent energy intake from total, plant or animal protein.
‡Beta coefficients are in kg/m2 per 1% difference in percent energy
§The age- and sex-adjusted model is adjusted for female’s age (years, continuous) and sex (female, male)
||Themultivariable-adjustedmodel is adjusted for female’s age, sex, female’s educational attainment (never attended school, completed primary or less, completed higher than primary), if female is married or living with partner (yes, no), wealth
index (poorest, poor, wealthy, wealthiest), female’s religion (orthodox Christian or not orthodox Christian), household size (continuous) and female employed (yes, no).
¶Themultivariable-adjusted carbohydrate substitutionmodel is themultivariable-adjustedmodel additionally adjusted for percentage of calories from total fat (continuous).When plant protein is the exposure, themodel is additionally adjusted for
percentage of calories from animal protein. When animal protein is the exposure, the model is additionally adjusted for percentage of calories from plant protein.
††The multivariable-adjusted animal protein substitution model is adjusted for female’s age, sex, percentage of calories from fat, percentage of calories from carbohydrate (continuous), female’s educational attainment, if female is married or
living with partner, wealth index, female’s religion, household size and female employed.
‡‡The multivariable-adjusted plant protein substitution model is adjusted for the same covariates as the multivariable-adjusted animal protein substitution model.
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overweight/obesity compared with those in the lowest
quartile (OR 0·69; 95 % CI: 0·49, 0·97; P= 0·04) when sub-
stituting protein for carbohydrate, but no significant associ-
ations were observed when comparing the highest and
lowest quartiles (OR 0·89; 95 % CI: 0·62, 1·28; P = 0·54).
These results were consistent after adjustment for lactation
status. In fully adjustedmodels, total protein was associated
with a lower odds of overweight/obesity when substituting
for carbohydrate (OR per 1 % energy increment 0·88; 95 %
CI: 0·81, 0·97; P = 0·009) in women, but no significant asso-
ciations were observed in men (OR per 1 % energy incre-
ment 0·99; 95 % CI: 0·88, 1·12; P = 0·91) (see online
supplementary material, Supplemental Table 1). In multi-
variable-adjusted carbohydrate substitution models, total
protein intake was not significantly associated with odds
of underweight (compared with healthy weight) in the
overall sample (OR per 1 % energy increment 0·95; 95 %
CI: 0·85, 1·07; P = 0·40), in women (OR per 1 % energy
increment 0·92; 95 % CI: 0·80, 1·06; P = 0·24) or in men
(OR per 1 % energy increment 1·09; 95 % CI: 0·89, 1·32;
P= 0·39) (Table 3; see online supplementary material,
Supplemental Table 1).

Amongmen andwomen combined, plant protein intake
was not significantly associated with odds of underweight
or overweight/obesity compared with healthy weight
(Table 3). However, plant protein intake was associated
with increased odds of overweight/obesity in women
when substituted for animal protein (OR per 1 % energy
increment 1·11; 95 % CI: 1·01, 1·22; P = 0·03), but not when
substituted for carbohydrate (OR per 1 % energy increment
0·96; 95 % CI: 0·86, 1·07; P= 0·50) (see online supplemen-
tary material, Supplemental Table 1). Greater animal pro-
tein intake was significantly associated with lower odds
of overweight in fully adjusted models when substituted
for total carbohydrate (OR per 1 % energy increment
0·89; 95 % CI: 0·82, 0·96; P = 0·004) and for plant protein
(OR per 1 % energy increment 0·91; 95 % CI: 0·85, 0·98;
P= 0·008) (Table 3). Participants in the highest quartile
of animal protein intake had a 50 % (95 % CI: 19, 69;
P= 0·005) lower odds of overweight/obesity compared
with those in the lowest quartile, substituting animal pro-
tein for carbohydrate. These results were consistent after
adjustment for lactation status. Women had 68 % (95 %
CI: 41, 83; P< 0·001) lower odds of overweight/obesity
comparing the highest to lowest quartile of animal protein
intake, substituted for carbohydrate, but this association
was not seen in men. No associations between animal pro-
tein intake and underweight were observed in the fully
adjusted models overall, in women, or in men (Table 3;
see online supplementary material, Supplemental Table 1).

In food-based analyses, percentage energy from most
commonly consumed protein sources was not related to
underweight or overweight/obesity (Table 4). In fully
adjusted models, a greater percentage energy from milk
was associated with lower odds of underweight but the
CI was wide (OR per 5 % energy increment 0·54; 95 %

CI: 0·30, 1·00; P= 0·05) and this finding was NS after adjust-
ing for lactation status (OR per 5 % energy increment 0·55;
95 % CI: 0·30, 1·01; P= 0·06). Although not statistically sig-
nificant, a greater percentage energy intake from barley
was related to lower odds of overweight/obesity (OR per
5 % energy increment 0·85; 95 % CI: 0·72, 1·01; P= 0·06).

For linear models with BMI as an outcome, results from
secondary analyses adjusting for total energy intake (see
online supplementary material, Supplemental Table 2)
and excluding overweight participants (n 501) (see online
supplementary material, Supplemental Table 3) were
largely consistent with the primary analyses. When exclud-
ing all underweight participants (n 148), total protein was
weakly associated with lower BMI when substituted for
carbohydrate comparing the third and lowest quartiles of
total protein intake (β –0·55; 95 % CI: –1·08, –0·01;
P = 0·05), but not when comparing the highest and lowest
quartiles (β –0·07; 95 % CI: –0·19, 0·04; P = 0·22) (see online
supplementary material, Supplemental Table 4). Animal
protein intake was related to lower BMI when substituted
for plant protein in analyses excluding underweight partic-
ipants, but this association was marginally significant (β per
1 % energy increment –0·11; 95 % CI: –0·23, 0·00; P= 0·05;
Ptrend across Q1–Q4 = 0·04).

In secondary analyses adjusting for total energy intake
with overweight/obesity as an outcome, the association
between total protein and overweight/obesity was NS in
the fully adjusted carbohydrate substitution model (OR
per 1 % energy increment: 0·93; 95 % CI: 0·87, 1·00;
P = 0·06) (see online supplementary material,
Supplemental Table 5). However, when adjusting for total
energy intake, greater percentage energy from animal pro-
tein was still associated with lower odds of overweight/
obesity in fully adjusted models substituting animal protein
for carbohydrate (OR per 1 % energy increment: 0·90; 95 %
CI: 0·83, 0·98; P= 0·01) and for plant protein (OR per 1 %
energy increment: 0·91; 95 % CI: 0·85, 0·98; P = 0·01).

Results from secondary analyses using multivariable-
adjusted energy partition models to examine substitution
effects, which did not control for total energy intake, were
consistent with the primary analyses. Among all partici-
pants, substituting fat for carbohydrate was associated with
higher BMI, but substituting protein for carbohydrate was
not. Among overweight/obese and healthy weight partici-
pants, substituting percentage energy from fat for carbohy-
drate was associated with higher odds of overweight/
obesity, while substitution of protein for carbohydrate
and protein for fat was associated with lower odds of
obesity (see online supplementary material,
Supplemental Table 6).

Discussion

In this cross-sectional analysis among 1624 adults in Addis
Ababa, Ethiopia, we found that percentage energy intake
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Table 3 OR (95% CI) for percentage energy intake from total protein, plant protein and animal protein in relation to prevalence of underweight or overweight/obesity among 1624 adults in Addis
Ababa, Ethiopia

Q2 Q3 Q4 Per 1% difference

Q1† OR 95% CI OR 95% CI OR 95% CI OR 95% CI Ptrend

Percentage energy from total protein
Overweight/Obese‡, n 1476, 501 overweight or obese
Age- and sex-adjusted§ 1·00 (Ref) 1·24 0·91, 1·70 0·86 0·63, 1·19 1·25 0·92, 1·74 1·00 0·94, 1·07 0·46
Multivariable-adjusted|| 1·00 (Ref) 1·13 0·82, 1·56 0·75 0·54, 1·04 1·02 0·73, 1·41 0·96 0·90, 1·02 0·58
Multivariable-adjusted
Carbohydrate substitution¶ 1·00 (Ref) 1·07 0·77, 1·48 0·69* 0·49, 0·97 0·89 0·62, 1·28 0·92* 0·86, 0·99 0·21

Underweight‡, n 1123, 148 underweight
Age- and sex-adjusted 1·00 (Ref) 0·79 0·49, 1·29 0·59* 0·36, 0·98 0·98 0·61, 1·57 0·96 0·87, 1·06 0·56
Multivariable-adjusted 1·00 (Ref) 0·85 0·52, 1·38 0·63 0·38, 1·05 1·03 0·63, 1·68 0·97 0·88, 1·07 0·71
Multivariable-adjusted
Carbohydrate substitution 1·00 (Ref) 0·83 0·51, 1·36 0·62 0·37, 1·04 0·98 0·57, 1·67 0·95 0·85, 1·07 0·56

Percentage energy from plant protein
Overweight/obese, n 1476, 501 overweight or obese
Age- and sex-adjusted 1·00 (Ref) 0·76 0·56, 1·04 0·88 0·64, 1·19 0·78 0·57, 1·07 0·94 0·89, 1·00 0·20
Multivariable-adjusted 1·00 (Ref) 0·82 0·60, 1·13 1·05 0·76, 1·45 1·10 0·78, 1·53 1·01 0·95, 1·08 0·40
Multivariable-adjusted
Carbohydrate substitution 1·00 (Ref) 0·76 0·54, 1·07 0·90 0·63, 1·29 0·90 0·60, 1·34 0·96 0·88, 1·05 0·85

Multivariable-adjusted
Animal protein substitution** 1·00 (Ref) 0·89 0·64, 1·23 1·13 0·81, 1·57 1·27 0·88, 1·82 1·05 0·97, 1·13 0·11

Underweight n 1123, 148 underweight
Age- and sex-adjusted 1·00 (Ref) 1·00 0·59, 1·70 1·50 0·91, 2·46 1·29 0·77, 2·14 1·08 0·98, 1·19 0·19
Multivariable-adjusted 1·00 (Ref) 0·97 0·56, 1·66 1·37 0·83, 2·28 1·08 0·64, 1·84 1·04 0·94, 1·15 0·58
Multivariable-adjusted
Carbohydrate substitution 1·00 (Ref) 0·89 0·50, 1·59 1·18 0·67, 2·09 0·89 0·48, 1·68 1·00 0·88, 1·13 0·87

Multivariable-adjusted
Animal protein substitution 1·00 (Ref) 1·03 0·59, 1·81 1·45 0·86, 2·45 1·24 0·69, 2·21 1·08 0·96, 1·21 0·31

Percentage energy from animal protein
Overweight/obese n 1476, 501 overweight or obese
Age- and sex-adjusted 1·00 (Ref) 1·40* 1·02, 1·92 1·31 0·95, 1·81 1·29 0·93, 1·77 1·04 0·99, 1·08 0·26
Multivariable-adjusted 1·00 (Ref) 1·13 0·81, 1·58 0·92 0·66, 1·30 0·79 0·55, 1·12 0·96 0·92, 1·02 0·07
Multivariable-adjusted
Carbohydrate substitution 1·00 (Ref) 0·99 0·70, 1·40 0·71 0·49, 1·05 0·50* 0·31, 0·81 0·89* 0·82, 0·96 < 0·01

Multivariable-adjusted
Plant protein substitution†† 1·00 (Ref) 1·01 0·71, 1·42 0·74 0·51, 1·09 0·55* 0·35, 0·86 0·91* 0·85, 0·98 < 0·01

Underweight n 1123, 148 underweight
Age- and sex-adjusted 1·00 (Ref) 0·91 0·56, 1·45 0·85 0·53, 1·38 0·70 0·42, 1·15 0·92 0·85, 1·00 0·16
Multivariable-adjusted 1·00 (Ref) 0·96 0·59, 1·56 0·96 0·58, 1·59 0·85 0·49, 1·47 0·95 0·87, 1·04 0·59
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from total protein and animal protein were both signifi-
cantly associated with lower odds of overweight/obesity
when substituted for carbohydrate, especially among
women. This study population had a very high intake of
carbohydrates and very low intake of animal protein,
which is consistent with other studies in low-income coun-
tries(8). In addition, one-third of the study population was
overweight or obese (34 % of women and 25 % of men),
which is similar to previous estimates in Addis Ababa(2,7).

To our knowledge, this is the first study in SSA to exam-
ine the associations between total, animal and plant protein
intake in relation to underweight and overweight/obesity.
Our findings are consistent with some previous studies in
Western and Asian populations that have found that
increased total protein as well as animal protein were asso-
ciated with improved waist circumference(18) and body
composition(17). Some randomised trials comparing higher
protein diets to lower protein diets have reported decreases
in body weight(11,37–40) and greater fat loss with higher pro-
tein diets(11,38,41). However, other trials have found that
higher protein diets did not result in increased weight
loss compared with other diets, especially over the long
term(41–43).A meta-analysis of thirty-two trials with greater
than 12 months of follow up found that although higher
protein diets showed benefits for weight loss in the short
term, these benefits persisted to a smaller degree in the long
term. However, greater benefits were observed long term
in those with better compliance to higher-protein diets(44).

Although additional evidence is needed from long-term
trials, existing evidence from shorter-term trials suggests
that higher-protein diets may have beneficial metabolic
effects when protein is used to partially replace carbohy-
drates (especially carbohydrates from refined sources)(41).
Replacement of carbohydrate with protein may promote
diet-induced thermogenesis, increase satiety which can
lead to reduced subsequent energy intake and lower gly-
caemic load(41,45). Protein intake may also protect against
loss of lean bodymass(14). In the Ethiopian context, increas-
ing protein intake in place of carbohydrate may be benefi-
cial because carbohydrate intake is very high and food
sources of carbohydrates are often refined(7). In our sam-
ple, 69 % of calories were derived from carbohydrates
and the major sources were teff (a cereal common in
Ethiopia), refined wheat, maize and pasta.

Interestingly, we also found percentage energy from
animal protein was associated with lower odds of over-
weight/obesity when substituted for plant protein, which
conflicts with some previous studies in Western popula-
tions that have found beneficial effects of plant protein
and harmful effects of animal protein on waist circumfer-
ence, BMI and metabolic syndrome(19–21). Food sources
of animal protein tend to be higher in cholesterol, energy
and saturated fats while food sources of plant protein could
help to control body weight and improve body composi-
tion because of their associations with lower intakes of
energy, total fat, cholesterol and saturated fat(19).T

ab
le

3
C
on

tin
ue

d

Q
2

Q
3

Q
4

P
er

1
%

di
ffe

re
nc

e

Q
1†

O
R

95
%

C
I

O
R

95
%

C
I

O
R

95
%

C
I

O
R

95
%

C
I

P
tr
e
n
d

M
ul
tiv
ar
ia
bl
e-
ad

ju
st
ed

C
ar
bo

hy
dr
at
e
su

bs
tit
ut
io
n

1·
00

(R
ef
)

0·
91

0·
55

,1
·5
1

0·
90

0·
50

,1
·5
9

0·
78

0·
37

,1
·6
5

0·
90

0·
79

,1
·0
3

0·
54

M
ul
tiv
ar
ia
bl
e-
ad

ju
st
ed

P
la
nt

pr
ot
ei
n
su

bs
tit
ut
io
n

1·
00

(R
ef
)

0·
92

0·
56

,1
·5
2

0·
89

0·
51

,1
·5
6

0·
77

0·
39

,1
·5
3

0·
91

0·
81

,1
·0
3

0·
47

*P
<
0·
05

†
P
er
ce

nt
ag

e
en

er
gy

in
ta
ke

fr
om

to
ta
lp

ro
te
in
,p

la
nt

pr
ot
ei
n
an

d
an

im
al

pr
ot
ei
n
w
er
e
ex

am
in
ed

in
lo
gi
st
ic
re
gr
es

si
on

m
od

el
s
as

co
nt
in
uo

us
ex

po
su

re
s
an

d
al
so

in
qu

ar
til
es

;Q
1
re
pr
es

en
ts
th
e
lo
w
es

tp
er
ce

nt
ag

e
en

er
gy

in
ta
ke

fr
om

to
ta
l,
pl
an

to
r

an
im

al
pr
ot
ei
n.

‡
O
ve

rw
ei
gh

t/o
be

se
is
de

fin
ed

as
B
M
I≥

25
an

d
is
co

m
pa

re
d
w
ith

a
re
fe
re
nc

e
ca

te
go

ry
of

no
n-
ov

er
w
ei
gh

t/o
be

se
(B
M
I<

25
).
A
ll
un

de
rw

ei
gh

tp
ar
tic
ip
an

ts
(n

14
8)

w
er
e
ex

cl
ud

ed
fr
om

th
e
ov

er
w
ei
gh

ta
na

ly
si
s.
U
nd

er
w
ei
gh

ti
s
de

fin
ed

as
B
M
I<

18
·5

an
d
is

co
m
pa

re
d
w
ith

a
re
fe
re
nc

e
ca

te
go

ry
of

no
n-
un

de
rw

ei
gh

t(
B
M
I≥

18
·5
).
A
ll
ov

er
w
ei
gh

tp
ar
tic
ip
an

ts
(n

50
1)

w
er
e
ex

cl
ud

ed
fr
om

th
e
un

de
rw

ei
gh

ta
na

ly
si
s.

§T
he

ag
e-

an
d
se

x-
ad

ju
st
ed

m
od

el
is

ad
ju
st
ed

fo
r
fe
m
al
e’
s
ag

e
(y
ea

rs
,c

on
tin

uo
us

)
an

d
se

x
(f
em

al
e,

m
al
e)

||T
he

m
ul
tiv
ar
ia
bl
e-
ad

ju
st
ed

m
od

el
is
ad

ju
st
ed

fo
rf
em

al
e’
s
ag

e,
se

x,
fe
m
al
e’
s
ed

uc
at
io
na

la
tta

in
m
en

t(
ne

ve
ra

tte
nd

ed
sc

ho
ol
,c
om

pl
et
ed

pr
im

ar
y
or

le
ss
,c
om

pl
et
ed

hi
gh

er
th
an

pr
im

ar
y)
,i
ff
em

al
e
is
m
ar
rie

d
or

liv
in
g
w
ith

pa
rt
ne

r(
ye

s,
no

),
w
ea

lth
in
de

x
(p
oo

re
st
,
po

or
,w

ea
lth

y,
w
ea

lth
ie
st
),
fe
m
al
e’
s
re
lig
io
n
(o
rt
ho

do
x
C
hr
is
tia

n
or

no
to

rt
ho

do
x
C
hr
is
tia

n)
,h

ou
se

ho
ld

si
ze

(c
on

tin
uo

us
)
an

d
fe
m
al
e
em

pl
oy

ed
(y
es

,n
o)
.

¶T
he

m
ul
tiv
ar
ia
bl
e-
ad

ju
st
ed

ca
rb
oh

yd
ra
te

su
bs

tit
ut
io
n
m
od

el
is
th
e
m
ul
tiv
ar
ia
bl
e-
ad

ju
st
ed

m
od

el
ad

di
tio

na
lly

ad
ju
st
ed

fo
rp

er
ce

nt
ag

e
of

ca
lo
rie

s
fr
om

to
ta
lf
at

(c
on

tin
uo

us
).
W
he

n
pl
an

tp
ro
te
in
is
th
e
ex

po
su

re
,t
he

m
od

el
is
ad

di
tio

na
lly

ad
ju
st
ed

fo
r

pe
rc
en

ta
ge

of
ca

lo
rie

s
fr
om

an
im

al
pr
ot
ei
n.

W
he

n
an

im
al

pr
ot
ei
n
is

th
e
ex

po
su

re
,t
he

m
od

el
is

ad
di
tio

na
lly

ad
ju
st
ed

fo
r
pe

rc
en

ta
ge

of
ca

lo
rie

s
fr
om

pl
an

tp
ro
te
in
.

**
T
he

m
ul
tiv
ar
ia
bl
e-
ad

ju
st
ed

an
im

al
pr
ot
ei
n
su

bs
tit
ut
io
n
m
od

el
is
ad

ju
st
ed

fo
rf
em

al
e’
s
ag

e,
se

x,
pe

rc
en

ta
ge

of
ca

lo
rie

s
fr
om

fa
t,
pe

rc
en

ta
ge

of
ca

lo
rie

s
fr
om

ca
rb
oh

yd
ra
te
(c
on

tin
uo

us
),
fe
m
al
e’
s
ed

uc
at
io
na

la
tta

in
m
en

t,
if
fe
m
al
e
is
m
ar
rie

d
or

liv
in
g

w
ith

pa
rt
ne

r,
w
ea

lth
in
de

x,
fe
m
al
e’
s
re
lig
io
n,

ho
us

eh
ol
d
si
ze

an
d
fe
m
al
e
em

pl
oy

ed
.

†
†
T
he

m
ul
tiv
ar
ia
bl
e-
ad

ju
st
ed

pl
an

tp
ro
te
in

su
bs

tit
ut
io
n
m
od

el
is

ad
ju
st
ed

fo
r
th
e
sa

m
e
co

va
ria

te
s
as

th
e
m
ul
tiv
ar
ia
bl
e-
ad

ju
st
ed

an
im

al
pr
ot
ei
n
su

bs
tit
ut
io
n
m
od

el
.

Protein intake and overweight/obesity in Ethiopia 9

https://doi.org/10.1017/S1368980022001100 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980022001100


However, these findings and mechanisms in Western pop-
ulations are likely not generalisable to low-income settings,
especially to Ethiopia, where animal-source food con-
sumption is much lower due to economic, cultural and reli-
gious factors and carbohydrate intake is very high(46). The
study populations in these Western studies were consum-
ing 9–11 % of total energy from animal protein(19,21), com-
pared with 3 % of energy from animal protein in our
Ethiopian study population. In addition, much of the pro-
tein intake in our study was from cereals (such as teff,
wheat and rice) which may have less favourable effects
on body weight than non-cereal plant proteins (such as
pulses and nuts). A randomised controlled trial of protein
intake and weight loss maintenance found that while sub-
stituting overall plant for animal protein was not associated
with effects on body weight, a higher intake of cereal plant
protein at the cost of non-cereal plant protein was associ-
ated with a larger increase in body weight(47). Non-cereal

plant protein sources such as pulses tend to have a lower
glycaemic load and may increase satiety, compared with
cereal protein sources (some of which may be refined car-
bohydrates)(47). It is possible that in low-income settings
with high intakes of carbohydrate and low consumption
of animal-source foods, protein from animal sources may
be beneficial in preventing overweight or obesity, given
that much of the protein and energy in the diet comes from
cereals.

A strength of this study is that we were able to approxi-
mate usual dietary intake through a non-quantitative FFQ
adapted for use in Ethiopia. Most previous dietary surveys
in Ethiopia have relied on a single 24-hour recall, which are
not considered representative of usual dietary patterns. We
also conducted a detailed assessment of confounders
related to protein intake, overweight/obesity and under-
weight. Consistent with previous studies, we found a num-
ber of socio-demographic factors that were strongly related

Table 4 OR (95% CI) for percentage of total energy intake from top ten consumed protein foods in relation to prevalence of underweight and
overweight/obesity among 1624 adults in Addis Ababa, Ethiopia

Protein source† Mean % energy intake
Overweight/obese

(n 1476)‡ Underweight (n 1123) §

Teff 42·71
Age- and sex-adjusted|| 0·98 0·94, 1·02 1·02 0·96, 1·08
Multivariable-adjusted¶ 1·01 0·97, 1·06 1·00 0·94, 1·06

Beef 6·11
Age- and sex-adjusted 1·07 0·98, 1·16 0·94 0·82, 1·07
Multivariable-adjusted 0·97 0·89, 1·06 0·99 0·86, 1·14

Peas 5·88
Age- and sex-adjusted 0·98 0·89, 1·07 1·06 0·92, 1·21
Multivariable-adjusted 1·05 0·95, 1·16 1·02 0·89, 1·17

Lentils 6·22
Age- and sex-adjusted 1·00 0·92, 1·10 1·00 0·87, 1·15
Multivariable-adjusted 0·98 0·90, 1·08 0·98 0·85, 1·13

Wheat 5·46
Age- and sex-adjusted 1·05 0·97, 1·15 0·90 0·78, 1·04
Multivariable-adjusted 1·05 0·97, 1·15 0·89 0·77, 1·02

Beans 2·83
Age- and sex-adjusted 0·95 0·86, 1·05 1·07 0·92, 1·24
Multivariable-adjusted 0·97 0·88, 1·08 1·06 0·91, 1·24

Milk 1·11
Age- and sex-adjusted 1·07 0·80, 1·43 0·50* 0·28, 0·91
Multivariable-adjusted 0·82 0·60, 1·12 0·54* 0·30, 1·00

Rice 2·95
Age- and sex-adjusted 1·00 0·88, 1·13 1·06 0·88, 1·28
Multivariable-adjusted 0·96 0·84, 1·09 1·10 0·91, 1·33

Barley 1·14
Age- and sex-adjusted 0·86 0·73, 1·01 0·72 0·50, 1·03
Multivariable-adjusted 0·85 0·72, 1·01 0·73 0·50, 1·05

Chickpeas 0·62
Age- and sex-adjusted 0·86 0·61, 1·23 1·35 0·84, 2·18
Multivariable-adjusted 0·89 0·62, 1·29 1·44 0·89, 2·34

*P< 0·05.
†Protein source foodswere included inmodels as percentage of total energy intake from each food.Models are examining a 5% increase in percentage of total energy intake of
each food.
‡Overweight/obese is defined as BMI≥ 25. The overweight/obese analysis was conducted among 1476 healthy weight, overweight and obese participants. 148 underweight
participants were excluded from this analysis.
§Underweight is defined as BMI< 18·5. The underweight analysis was conducted among 1123 healthy weight and underweight participants. 501 overweight and obese
participants were excluded from this analysis.
||Age- and sex-adjusted model is adjusted for female’s age (years, continuous) and sex (female, male)
¶Multivariable-adjusted model is adjusted for female’s age, sex, female’s educational attainment (never attended school, completed primary or less, completed higher than
primary), if female is married or living with partner (yes, no), wealth index (poorest, poor, wealthy, wealthiest), female’s religion (orthodox Christian or not orthodox Christian),
household size (continuous) and female employed (yes, no).
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to protein intake including age, sex, religion, marital status,
wealth and household food insecurity(48). It is well-docu-
mented that these confounders are also strongly associated
with obesity risk in sub-Saharan Africa(5,48).

FFQs are designed primarily to generate estimates of rel-
ative intake, which gives us the ability to distinguish
between high and low consumers of a given nutrient,
but they can only approximate absolute intake and are sub-
ject to additional limitations including recall and self-report
biases. We were able to use a non-quantitative FFQ in this
study because our analyses did not rely on absolute
intakes. While it would have been ideal to use an FFQ vali-
dated in an Ethiopian population, no such instrument exists
to our knowledge; therefore, we adapted this FFQ fromone
validated in Tanzania. Additionally, wewere unable to cap-
ture seasonal variations in food intake because this FFQ
was administered at a single time point. During the time
period of the survey (Jan–Feb), urban energy intake tends
to be higher than during the lean season in June and July(49).
Despite this, we found that a large proportion of our sample
were below the estimated average requirement for protein
intake (21 %ofmen, 23 % of non-lactatingwomen and 62 %
of lactating women). However, these findings should be
interpreted with caution because the FFQwas not validated
in this population and the low levels of protein intake we
found are in part due to the low total energy intake in this
sample, which may have been under-reported. That said,
levels of intake reported by our study participants were
consistent with previous estimates from Ethiopia(7).

An additional limitation of this study is possible residual
confounding frommeasured and unmeasured factors, such
as physical activity. We also lack some key covariates for
the men in the sample (including age), but were able to
use the female’s covariates as the male and female partici-
pants were living in the same household and in most cases
were married. However, it is possible that age, education
and employment of the female participant could be differ-
ent than that of the male participant, which could lead to
bias in the results of the adjusted models for the male par-
ticipants. There is also potential for selection bias, since the
study only included households who consented to partici-
pate in the survey and contained young children, which
may not be representative of the overall population of
Addis Ababa. However, this survey had a very high
response rate (97 %) and the characteristics of the study
population are similar to those of the greater urban
Ethiopian population in terms of age, educational attain-
ment and household size(2). In addition, Ethiopia has a high
fertility rate and a long median duration of breastfeeding (2
years) which may also partially explain the high proportion
of lactating women in this sample(2). To further address
these limitations, we adjusted for socio-demographic and
household characteristics in all analyses and adjusted for
lactation status in secondary analyses. Lastly, this study
focused on Addis Ababa, a major city and results may
not be generalisable to rural areas of Ethiopia or other

SSA contexts, where dietary patterns and prevalence of
overweight differ. In Addis Ababa, consumption of animal
source foods is twice as high as in rural areas of Ethiopia(50)

and overweight/obesity prevalence is six times higher
among women and thirteen times higher among men in
urban compared with rural areas of Ethiopia(2).

The cross-sectional design of this study is an additional
limitation as it restricts our ability to make causal inferences
and poses unique challenges when studying bodyweight
as an outcome because participants may change their diets
due to awareness of their weight. Repeated assessments of
changes over time in dietary factors and body weight are
needed to understand long-term effects of protein intake
on overweight/obesity and underweight(35). The cross-sec-
tional design could explain why we did not observe any
associations between underweight and animal or plant pro-
tein intake.

Animal protein has traditionally been thought of as ben-
eficial in the context of undernutrition, as it provides
higher-quality protein (defined by the amino acid content)
than most plant sources, along with other essential
nutrients(8,15). Although animal-source foods may be valu-
able in preventing and treating undernutrition, promotion
of animal-source foods, especially meat, is controversial as
they have greater environmental impact than plant protein
sources(51). One study in Addis Ababa found that meeting
adult and child recommended daily protein intakes with
plant-based foods would have a lower environmental
impact than meeting this gap with animal-based foods,
but would still result in an estimated 65 % increase in land
and water use and a 2 % increase in greenhouse gas emis-
sions. Meeting this protein gap with a milk and red meat
strategy would result in an estimated 190 % increase in land
and water use and 257 % increase in greenhouse gas
emissions(10).

Despite their environmental impacts, animal-source
foods are a valuable source of protein and micronutrients
and providing some animal-source foods alongside plant-
based foods may offer additional health benefits in the
Ethiopian context(10). In Africa, animal-source food produc-
tion can be sustainable through using grassland which can-
not be used for crop production and by converting inedible
crop by-products into edible food. It can also aid in reduc-
ing fertiliser use, cycling nutrients within the ecosystem and
is an important mechanism to diversify farmers’ income in
the case crop production is reduced(52–54). The Ethiopian
Government has demonstrated their commitment to transi-
tioning traditional livestock practices to climate-smart prac-
tices through policy interventions as outlined in their
Livestock Master Plan and Climate Resilience and Green
Economy Strategy(54).

For optimal human and planetary health, the EAT-
Lancet Commission has recommended adopting a global
reference diet, consisting of mainly plant-source foods
(vegetables, fruits, whole grains, and legumes and nuts),
and limited or modest amounts of animal-source foods
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(such as red or processed meat)(15). However, in our sam-
ple, animal-source protein intake was only 11 g per day,
which is less than half of the world average of animal-
source protein availability in 2011 and much less than
the amounts in the EAT-Lancet healthy reference diet(15).
In Ethiopia, animal protein consumption tends to be limited
due to religious and social norms and the availability,
accessibility and affordability of animal-source foods(55).
It is estimated that to achieve global dietary recommenda-
tions in SSA, increases in food consumption-related green-
house gas emissions would be necessary, but that these
small increases would be far outweighed by higher-income
countries adopting diets lower in meat consumption(51).

Conclusion

Innovative strategies are needed to combat the complex,
coexisting problems of over and undernutrition in SSA.
Our results suggest that in the context of diets that are very
high in carbohydrate such as those in Ethiopia, a greater
proportion of energy intake from protein may be associ-
ated with lower prevalence of overweight and obesity.
However, due to the cross sectional design of this study
and limited generalisability to other contexts, our findings
should be interpreted with caution. Community-based
longitudinal data is scarce in Ethiopia, but such studies
are needed to further clarify associations between dietary
intake with underweight and overweight/obesity, track
changes over time and account for seasonality and
urban/rural differences in consumption. The majority of
the literature on dietary protein and bodyweight is from
Western settings and is likely not generalisable to SSA,
where dietary patterns are very different. Longitudinal
dietary surveys in Ethiopia are needed to inform local
guidelines, policies and programmes to combat the double
burden of malnutrition. Given the constraints limiting ani-
mal protein consumption in Ethiopia, future research
should also assess the feasibility of incorporating modest
amounts of animal products into Ethiopian diets.
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