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Abstract

Background: Nutritional insult in early life brings adaptive changes in body structure and functioning that could
remain throughout the affected individual’s life course. The long term impact of early life famine exposure on
adulthood anthropometric measurements has been recorded in previous studies. However, the results were
contradictory. Hence, we extend this study to examine the impact of famine exposure during early life on
adulthood’s anthropometry among survivors of the 1983–85 Ethiopian great famine.

Methods: A total of 1384 adult men and women survived from 1983 to 85 Ethiopian great famine were included
in the study. Famine exposure status was classified into five groups: early life-exposed, prenatal-exposed, postnatal-
exposed, adolescence-exposed, and non-exposed based on self-reported age and birthdate of the participants.
Prenatal, post-natal, and adolescence exposed groups were considered as early life exposed. Following a standard
procedure, anthropometric measurements were taken. A linear regression analysis was used to analyze the impact
of famine exposure on adult anthropometric measurements adjusted for all possible covariates. The effect of famine
exposure on overweight, general obesity, and abdominal obesity was examined using multinomial and binary
logistic regression analysis.

Result: Compared to non-exposed groups, adult height was lower by 1.83 cm (β = − 1.83; 95% CI: − 3.05, − 0.58),
1.35 cm (β = − 1.35; 95% CI: − 2.56, − 0.14) and 2.07 cm (β = − 2.07 cm; 95% CI: − 3.31, − 0.80) among early life,
prenatal and post-natal exposed groups, respectively. Likewise, famine exposure during early life (β = 0.02; 95% CI:
0.01, 0.03), prenatal (β = 0.03; 95% CI: 0.02, 0.03) and post-natal life (β = 0.02; 95% CI: 0.02, 0.03) was positively
associated with increased waist to height ratio. However, none of the above exposures resulted in a significant
association with body mass index (P > 0. 05). Additionally, exposure to famine during early stage of life was not
associated with increased risk of overweight, general obesity and abdominal obesity in adults.
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Conclusion: Decreased adult height and increased waist-to-height ratio were associated with early life exposure to
famine, particularly prenatal and post-natal exposure. These results therefore underscore the significance of
avoiding undernutrition in early life, which tends to be important for achieving once potential adult height and to
minimize the increased risk of anthropometric markers of abdominal obesity such as waist to height ratio in later
life.
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Background
Anthropometric measurements include height, weight,
waist circumference, hip circumference, body mass index
(BMI), waist to hip circumference ratio (WHR) and
waist to height ratio (WHtR) [1]. The Body Mass Index
(BMI) is defined as the weight in kilograms divided by
the height of the square in metres, which is widely used
to describe overweight or obesity and is closely related
to the degree of body fat in most settings [2]. Waist cir-
cumference, waist to hip circumference ratio (WHR)
and waist to height ratio (WHtR) are anthropometric
measures for abdominal obesity [3, 4]. These adult an-
thropometric indices are determined during prenatal
(intrauterine), post-natal (first 2 years) and adoles-
cence (10–19 years) periods of life[5, 6], which are
crucial periods of human growth and development.
Intrauterine life, first 2 years of post-natal life and
adolescence periods are critical times where the body
employs reductive adaptive mechanisms to sustain life
at the expense of influencing the future adulthood for
the worst [6–8].
Overweight, general obesity and abdominal obesity in

adults are established risk factors for metabolic diseases,
including diabetes mellitus, hypertension, cardiovascular
illness, stroke, certain types of cancer, and respiratory
diseases [1–3]. Studies also indicated that adult height is
inversely associated with the risk of cardiovascular dis-
eases [5] and positively associated with productivity [6].
Each added cm of adult height is associated with an al-
most 5% increase in wage rates [9].
Body composition measurements such as body mass

index (BMI), waist circumference, waist to hip ratio
(WHR), and waist to height ratio (WHtR) are affected by
adult’s lifestyle factors such as unhealthy dietary habit,
physical inactivity, cigarette smoking and alcohol drinking
[10–12]. On the other hand, adult height is determined by
the cumulative result of the interaction between genetics
and environmental factors, including dietary, socio-
economic, and health conditions in early life [11, 13, 14].
Recent evidence from studies focusing on secular trends of
adult anthropometric measurements showed its intricate
relation with nutrition in early life [15–18]. This
phenomenon is well summarized by Barker and colleagues,
who introduced the concept of “Fetal Origin of Adult

Diseases (FOAD)” or “Developmental Origins of Health
and Disease (DOHaD)” [19–21]. This theory indicated that
nutritional insult in early life leads to permanent changes in
body structure, physiology, and metabolism, thereby influ-
encing adulthood diseases, including anthropometric mea-
surements [22].
Famine can serve as a natural laboratory model to test

the DOHaD hypothesis in humans, where undernutri-
tion is considered as natural exposure [23]. More specif-
ically, global famine such as the Ethiopian great famine
of 1983–85 can be taken as natural exposure to explore
the long-term assaults of early-life undernutrition. The
Ethiopian great famine of 1983–1985 affected whole
Ethiopia and returned to normal year (but some prob-
lems in certain villages) from September 1986 to
September 1987. On the scale of famine, it was ranked
“Great Famine” because of its global devastating effects
on the country, compared to other famines that have
ever existed in Ethiopia or Africa . Political factors in the
country caused undue delay in relief interventions in the
form of food aid [24].
Findings from an earlier investigation of famine in early

life and anthropometric indices of adulthood have been
documented in Dutch [25–29] and Chinese [30–33] birth
cohorts; however, the findings were varied. There is lack
of information on the long-term consequences of early-
life exposure to famine in Ethiopia, a country with an un-
settled situation with ongoing maternal and childhood
malnourishment. Presumably, this study may explain the
developmental basis of adulthood diseases beyond estab-
lished risk factors. It would be of great interest to clarify
the impact of childhood and maternal undernutrition dur-
ing pregnancy in an African sample. Hence, this study
could test the long-term impact of early life exposure to
the 1983–85 Ethiopian great famine on adulthood an-
thropometric parameters among famine survivors in
Wollo province, Ethiopia.

Methods
Study design and setting
From March 15 to April 30, 2019, a historical cohort
study was conducted. Information on the research
settings was published elsewhere [34]. This study was
briefly carried out in North Wollo Zone, Raya Kobo
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district, which was the origin of the great famine in
Ethiopia between 1983 and 1985 [24].

Study participants
Adults exposed to the Ethiopian great famine during early
life (prenatal, first 2 years of post-natal and adolescence
period of life) were the study participants. Participants were
divided into the following groups linked to the period of
famine (August 1983 to August 1985 [24] a historical cohort
study was: prenatal exposure (age = 34–36, birth year = 8 Au-
gust 1983 to 30 August 1985), post-natal exposure (age =
37–38, birth year = 8 September 1981 to 8 August 1983), ex-
posure to adolescence (age = 44–55, birth year = 8 August
1983). Prenatal, post-natal and adolescence-exposed groups
were considered as early life-exposed groups. In both pre-
natal and non-exposed stages, participants who were born
between September 8, 1986, and August 30, 1987 may have
been exposed to famine. Accordingly, these participants were
omitted to reduce the misclassification of famine exposure
(supplementary file).
The sample size was calculated by applying two

population mean formulas using G-Power 3.0.10 and
the following assumptions: type one error 5%, 80%
power, design effect 1.5, and effect size 0.2. The total
estimated sample size was 1396 (1047 exposed early
life and 349 non-exposed groups). We included 1384
(1038 early life exposed and 346 unexposed) partici-
pants who completed all study variables . The early
life exposed group was further divided into prenatal
exposed (n = 346), post-natal exposed (n = 346) and
adolescence exposed groups (n = 346).
Participants were recruited using a multi-stage strati-

fied sampling technique. Registration was made for all
qualified adults. A simple random sampling technique
has been used to pick the final participants (Fig. 1). Data
was obtained using a pre-tested standardized question-
naire via face-to-face interview. We selected eight quali-
fied clinical nurses to collect socio-demographic,
economic and anthropometric data. Adults displaced to
other parts of the country during drought and those
with physical disabilities, including deformity (Kyphosis,
Scoliosis, limb deformity) and pregnant women were
excluded from the study.

Assessment of exposure
Early-life exposure to the 1983–85 Ethiopian famine was
the main exposure variable. Participants who were born
during famine and/or conceived during famine were
considered prenatal exposure. Participants who were 0–
2 years of age and 10–19 years of age during famine were
deemed to be vulnerable to postnatal and adolescence,
respectively. Those who were born 1 year after years of
famine were considered as non-exposed category.

Assessment of outcomes
The outcome of the study included adult height, waist to
height ratio, body mass index, overweight, general obes-
ity, and abdominal obesity.

Anthropometric measurements
Weight was measured in light clothes with bare feet
using a beam scale (Seca®, Germany). Standing height
was measured using a stadiometer (Seca®, Germany) with
the participants touching the vertical stand, and their
shoes are taken off. Waist circumference was measured
using a waist circumference tape only after breathing
out. The hip circumference was measured at the greater
trochanter level, with the participants wearing a light
cloth right after the waist circumference measurement
in a private setting. The accuracy for height, weight,
waist and hip circumference was 0.1 cm, 0.1 kg, 0.1 cm,
and 0.1 cm, respectively. Following a standard procedure,
anthropometric measurements were taken. All measure-
ments were made in triplicate and the mean value was
used for further analysis [35]. To ensure the inter-rater
reliability, each anthropometric measurement staff was
partially retested.
Body mass index (BMI) was defined as the weight in

kg divided by height in meters squared (kg/m2). Waist
to hip ratio (WHR) was defined as waist circumference
divided by hip circumference in centimetres. The waist
to height ratio (WHtR) was defined as the waist circum-
ference divided by height in centimetres. According to
the Ethiopian standard, anthropometric cut-offs for diag-
nosing obesity among Ethiopian adults, obesity has de-
fined as BMI > 22.2 kg/m2, and overweight was defined
as 21.6 kg/m2 ≤ BMI < 22.2 kg/m2 for males. For females,
obesity was defined as BMI > 24.5 kg/m2, overweight was
defined as 21.9 kg/m2 ≤ BMI < 23.0 kg/m2. Abdominal
obesity was defined as waist circumference ≥ 83.7 cm or
WHR ≥ 0.88 or WHtR ≥0.49 in males and ≥ 78 cm or
WHR ≥ 0.82 or WHtR ≥0.50 in females [36].

Assessment of co-variables
Information on demographics, socio-economic, lifestyle,
food consumption and medical background has been
gathered by trained data collecters. The current socio-
economic status of the household wealth index has been
measured. Wealth index score was generated using the
Principal Components Analysis (PCA). The scores for 25
types of assets and utilities were translated into latent
factors and the first factor that explained most of the
variation was used to group study households into
wealth tertiles [37]. Current drinking and smoking status
were described as participants who were drinking alco-
hol and smoking cigarettes for the past 3 months. Every
drinker and smoker were described as one who drinks
and smokes once in a lifetime, respectively [38]. The
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International Physical Activity Questionnaire (IPAQ)
was used to assess the level of physical activity. After
converting to a metabolic equivalent (MET) hour per
week and measuring the total MET, the amount of phys-
ical activity was transformed to mild, moderate, and in-
tense physical activity [39].
The qualitative food frequency questionnaire (FFQ)

consisting of 38 food items covering the key foods con-
sumed in the study area was used to determine dietary
habits [40]. In addition, an interview with key informants
who know the culture and types of food consumed in
the study area was conducted to establish a list of food
products. Frequency of consumption of each food per
day, per week or per month in the last 1 year as re-
corded by participants [41]. Adults were then coded as a
“consumer” of a food item if they had eaten the food

item at least once a week. The dietary pattern was
derived using the K-means cluster analysis. Two major
dietary patterns were described as healthy and unhealthy
dietary pattern based on fruit and vegetable intake. A
healthy dietary pattern implies a high consumption of
fruit and vegetables, and an unhealthy dietary pattern
indicates low consumption of fruit and vegetables.

Statistical analysis
Epidata version 3.1 was used for entered data. Statistical
Package for Social Sciences (SPSS) version 25 ([SPSS
Inc., Chicago, Illinois] was used to perform all the statis-
tical analyses. Data were presented as means (±SD) and
percentages for continuous and categorical variables,
respectively. Continuous variables with skewed distribu-
tion were reported as medians (IQR). Group differences

Fig. 1 Flow diagram representing sample recruitment
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were tested using the T-test, ANOVA, and Pearson chi-
square test. Bonferroni test was used to conduct multiple
comparisons.
Linear regression models were used to estimate β-

coefficients and 95% confidence intervals (CI) in order
to test associations between early-life famine exposure
and adult height, BMI, and waist to height ratio. Multi-
nomial logistic regression analysis was used to investi-
gate the independent impact of early-life exposure on
overweight and general obesity in adults. Binary logistic
regression analysis were developed to investigate the
effects of early-life exposure to famine on abdominal
obesity. In both regressions, we first compared partici-
pants who were exposed to famine early life with those
who were non-exposed to famine. Then, we compared
prenatal, post-natal, and adolescence exposed gropus to
the non-exposed groups. Crude and adjusted regression
models were used to investigate the association between
the exposure status of famine (early life, prenatal or
post-natal exposure or adolescence) and outcome vari-
ables. Crude model includes the outcome variable and
exposure status of famine. The adjusted model involves
sex, age, residence, educational status, dietary pattern,
blood pressure, physical activity level, cigarette smok-
ing, alcohol drinking, history of hypertension and dia-
betes, and effect modifiers. In addition, a stratified
analysis was carried out by sex and residence. A two-
sided P value < 0.05 was found to be statistically
important.

Results
Table 1 shows background characteristics of the study
participants. A total of 1384 (1038 early life exposed and
346 non-exposed) adults had completed data for all vari-
ables, and included in the analysis. The mean (±SD) age
of early life, prenatal, post-natal, adolescent and non-
exposed groups were 40.5 (6.2), 35.1 (0.8), 37.6 (0.5),
48.6 (3.5) and 31.2 (± 0.5) years, respectively. Five-
hundred-ninety-one (56.9%) of the participants were
females who were exposed to famine in early life. Seven-
hundred-seven (68.2%) of the participants were living in
rural area and exposed to famine in early life. Four-
hundred-eighty-eight (47.2%) of the participants were
illiterate and exposed to famine in early life.

Anthropometric outcomes
The mean (± SD) height among early life, prenatal, post-
natal, adolescence exposed and non-exposed groups
were 163.7 ± 8.3, 163.6 ± 8.2, 162.7 ± 7.9, 164.8 ± 8.5 and
164.5 ± 7.9 cm, respectively. The mean height of females
and males exposed groups were 163.4 ± 8.4 and 164.2 ±
8.0, respectively, while it was 164.1 ± 8.2 for urban and
163.6 ± 8.3 for rural residents (Fig. 2).

Similarly, the mean BMI was 22.8 ± 4.8, 23.2 ± 5.5,
22.7 ± 5.2, 22.6 ± 3.5 and 22.9 ± 4.6 kg/m2 in early life,
prenatal, post-natal, adolescent exposed and non-
exposed groups, respectively (Fig. 3). Similarly, the mean
of BMI in early life, prenatal, post-natal, adolescent
exposed and non-exposed groups were 22.8 ± 4.8, 23.2 ±
5.5, 22.7 ± 5.2, 22.6 ± 3.5, and 22.9 ± 4.6 kg/m2

, respect-
ively (Fig. 3). The mean waist to height ratio in early life,
prenatal, post-natal, adolescent exposed and non-
exposed were 0.51 ± 0.07, 0.51 ± 0.06, 0.40 ± 0.06, 0.40 ±
0.05 and 0.49 ± 0.07, respectively (Fig. 4).
The magnitude of overweight in early life, prenatal,

post-natal, adolescent exposed, and non-exposed were
15.4, 14.2, 13.2, and 18.8% and 14.6%, respectively.
Likewise, the prevalence rate of general obesity in early
life, prenatal, post-natal, adolescent exposed, and non-
exposed was 8.8, 22.4, 1.2, and 1.9% and 22.0%, respect-
ively. The prevalence of abdominal obesity was 32.5,
29.7, 31.9, 35.8, and 30.9% in early life exposed, prenatal
exposed, post-natal exposed, adolescent exposed, and
non-exposed groups, respectively (Table 2).

Association of famine exposure in early life and
anthropometric outcomes in adults
The association between famine exposure to Ethiopian
great famine and anthropometric measurements in
adults is described in Table 3. Linear regression analysis
was used to analyse the association between anthropo-
metric measurements and the famine exposure in early
life. Adjusted for covariates, early life exposure to famine
showed 1.83 (β = − 1.83; 95% CI: − 3.05, − 0.58) cm
decreased height of adults compared to non-exposed
group. Based on time of exposure to famine, height of
adults decreased by 1.35 (β = − 1.35; 95% CI: − 2.56, −
0.14) cm and 2.07 (β = − 2.07; 95% CI: − 3.31, − 0.80) cm
after prenatal and post-natal exposure to famine,
respectively. However, exposure to famine during ado-
lescence was not associated with adult height (β = − 1.66;
95% CI: − 5.95, 2.63). Likewise, famine exposure during
early life was not associated with BMI in adults (β = 0.45;
95% CI: − 0.13, 1.04) (adjusted model). Based on time of
exposure to famine, prenatal (β = 0.37; 95% CI: − 2.35,
1.62), post-natal (β = 0.38; 95% CI: − 0.35, 1.13) and
adolescence (β = 0.23; 95% CI: − 0.44, 0.93) was not asso-
ciated with BMI in adults. In this study, early life expos-
ure to famine was associated with increased waist to
height ratio in adults by 0.02 (β = 0.02; 95% CI: 0.01,
0.03) points in the full adjusted model. Based on time of
exposure to famine, prenatal and post-natal exposure to
famine resulted in 0.03 (β = 0.03; 95% CI: 0.02, 0.03) and
0.01 (β = 0.01; 95% CI: 0.01, 0.02) increased in waist to
height ratio, respectively. Famine exposure during ado-
lescence was not associated with increased waist to
height ratio (β = 0.01; 95% CI: - 0.02, 0.02).
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On the adjusted model of multinomial logistic
regression analysis, the odds of overweight in males
among early life, prenatal, post-natal and adolescence
exposed group were (OR: 0.82, 95% CI (0.54,1.23)),
(OR: 1.10, 95% CI (0.65,1.85)), (OR: 0.89, 95% CI
(0.58, 5.36)), (OR: 0.36, 95% CI (0.07, 1.65)), respect-
ively. The odds of general obesity in males were (OR:
1.01, 95% CI (0.60,1.68)), (OR:0.80, 95% CI (0.23,

3.58)), (OR:0.59, 95% CI (0.03, 10.39)), (OR:0.45, 95%
CI (0.09,2.13)), among early life, prenatal, post-natal
and adolescence exposed groups in males, respectively
(Table 4). In females, the odds of having overweight
were (OR:0.84, 95% CI (0.56,1.26)), (OR:1.16, 95% CI
(0.39, 3.40)), (OR:2.79, 95% CI (0.28, 27.5)), (OR:1.64,
95% CI (0.39, 6.85)) among early life, prenatal, post-
natal and adolescence exposed, respectively. The odds

Table 1 Background characteristics of the study participants according to Ethiopian great famine exposure status, NorthWollo Zone,
Raya Kobo district, Northeast Ethiopia, 2019 (n = 1384)

Variables Famine exposure status P-
valueEarly life exposeda

n = 1038
Prenatal exposed
n = 346

Postnatal exposed
n = 346

Adolescent exposed
n = 346

Non-exposed
n = 346

Age in years, mean ± SD 40.5 ± 6.2 35.1 ± 0.8 37.6 ± 0.5 48.6 ± 3.5 31.20 ± 0.5 < 0.001*

Sex, n (%)

Female 591 (56.9) 203 (58.6) 207 (59.8) 181 (52.3) 171 (49.4) < 0.001*

Male 447 (43.1) 143 (41.4) 139 (40.2) 165 (47.7) 175 (50.6)

Place of residence, n (%)

Urban 331 (31.8) 110 (31.8) 107 (30.9) 114 (32.9) 102 (29.5) 0.76

Rural 707 (68.2) 236 (68.2) 239 (69.1) 232 (67.1) 244 (70.5)

Educational status, n (%)

Illiterates 488 (47.2) 130 (37.5) 163 (47.1) 195 (56.5) 88 (25.5) < 0.001*

Primary school 256 (24.6) 87 (25.1) 82 (23.6) 87 (25.1) 68 (19.7)

Secondary school 166 (15.9) 77 (22.3) 56 (16.2) 33 (9.5) 114 (32.9)

Above secondary 128 (12.3) 52 (15.1) 45 (13.1) 31 (8.9) 76 (21.9)

Marital status, n (%)

Single 126 (12.1) 53 (15.3) 53 (15.3) 20 (5.8) 101 (29.2) < 0.001*

Married 712 (68.6) 228 (65.9) 237 (68.5) 247 (71.4) 223 (64.4)

Divorced/widowed 200 (19.3) 65 (18.8) 56 (16.2) 79 (22.8) 22 (6.4)

Physical activity level, n (%)

Low 149 (14.4) 31 (8.9) 53 (15.3) 65 (18.8) 29 (8.4) 0.145

Moderate 255 (24.5) 76 (21.9) 97 (28.1) 82 (23.6) 75 (21.7) < 0.001*

Vigorous 634 (61.1) 239 (69.2) 196 (56.6) 199 (57.6) 242 (69.9)

Dietary pattern, n (%)

Healthy 486 (46.8) 171 (49.4) 155 (44.8) 160 (46.3) 167 (48.3) 0.36

Unhealthy 552 (53.2) 175 (50.6) 191 (55.2) 186 (53.7) 179 (51.7)

Wealth index, n (%)

Low SES 291 (28.2) 127 (36.7) 121 (34.9) 43 (12.4) 145 (41.9) < 0.001*

Medium SES 333 (32.0) 158 (45.6) 129 (37.3) 46 (13.3) 152 (43.9)

High SES 414 (39.8) 61 (17.7) 96 (27.8) 257 (74.3) 49 (14.2)

Current smoker,n (%)

Yes 20 (1.9) 9 (2.6) 6 (1.7) 5 (1.4) 10 (2.8) 0.05*

No 1018 (98.1) 337 (97.4) 340 (98.3) 341 (98.5) 336 (97.2)

Current drinker, n (%)

Yes 522 (50.3) 224 (64.7) 165 (47.7) 133 (38.5) 236 (68.2) < 0.001*

No 516 (49.7) 122 (35.3) 181 (52.3) 213 (61.5) 110 (31.8)
aPrenatal, post-natal and adolescence exposed, P-value—represents Independent samples t-tests for continuous variables or χ2-test for categorical variables, SES –
socio-economic status,* Statistical significance
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Fig. 2 Adult height among (a) early life exposed (b) prenatal, post-natal and adolescence exposed groups (c) grouped by sex and (d) residency,
North Wollo Zone, Raya Kobo district, Northeast Ethiopia, 2019 (n = 1384)
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Fig. 3 Body mass index among (a) early life exposed (b) prenatal, post-natal and adolescence exposed groups (c) grouped by sex and (d)
residency, North Wollo Zone, Raya Kobo district, Northeast Ethiopia, 2019 (n = 1384)
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Fig. 4 Waist to height ratio among (a) early life exposed (b) prenatal, post-natal and adolescence exposed groups (c) grouped by sex and (d)
residency, North Wollo Zone, Raya Kobo district, Northeast Ethiopia, 2019 (n = 1384)
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Table 2 Magnitude of adulthood obesity, overweight and abdominal obesity by famine exposure status, sex of participant and
residency, Wollo Zone, Raya Kobo district, Northeast Ethiopia, 2019 (n = 1384)

Famine exposure status

Variables Early life exposeda Prenatal exposed Postnatal exposed Adolescence exposed Non-exposed P-value

Overweight, n (%) 159 (15.4) 49 (14.2) 45 (13.2) 65 (18.8) 51 (14.6) 0.05

Sex, n (%)

Female 80 (13.5) 20 (9.9) 27 (13.0) 33 (18.2) 16 (9. 4) 0.70

Male 79 (17.9) 29 (28.6) 18 (13.3) 32 (19.4) 35 (9.4)

Residence (%)

Urban 58 (17.9) 15 (14.0) 17 (16.5) 26 (22.8) 10 (9.8) 0.67

Rural 101 (14.3) 34 (14.3) 28 (11.7) 39 (16.8) 41 (16.5)

General Obesity, n (%) 91 (8.8) 77 (22.4) (1.2) 10 (1.9) 77 (22.0) < 0.001*

Sex, n (%)

Female 53 (9.0%) 47 (23.0) 2 (1.0) 4 (2.0) 46 (27.1) < 0.001*

Male 38 (8.6%) 30 (21.3) 2 (1.5) 6 (3.6%) 31 (17.2)

Residence, n (%)

Urban 32 (9.9) 23 (22.5) 1 (1.0) 9 (7.9) 23 (22.5) < 0.001*

Rural 59 (8.3) 55 (23.7) 3 (1.3) 1 (0.1) 54 (21.8)

Abdominal obesity, n (%) 335 (32.5) 102 (29.7) 109 (31.9) 124 (35.8) 108 (30.9) 0.57

Sex, n (%)

Female 179 (30.3) 59 (29.1) 64 (30.9) 56 (30.9) 53 (31.2) 0.82

Male 156 (35.4) 43 (30.5) 45 (33.3) 68 (41.2) 55 (30.6)

Residence, n (%)

Urban 119 (36.7) 32 (29.9) 35 (34.0) 52 (45.6) 33 (32.4) 0.42

Rural 216 (30.5) 70 (29) 74 (31.0) 72 (31.0) 75 (30.2)
aPrenatal, post-natal and adolescence exposed, P-value—represents χ2-test for categorical variables, * Statistical significance

Table 3 Associations offamine exposure and anthropometric measurements, in adults, North Wollo Zone, Raya Kobo district,
Northeast Ethiopia, 2019 (n = 1384)

Measurements Famine exposure status

Heightc Early life exposed Prenatal exposed postnatal exposed Adolescence
Exposed

Non-exposed

Crude modela −0.70 (−1.69, 0.29) −2.04 (−2.74, 0.37) −1.67 (−2.86, −0.50) 0.40 (−0.83, −1.65) Ref.

Adjusted modelb −1.83 (−3. 05, 0.58) −1.35 (−2.56, −0.14) −2.07 (−3.31, −0.80) −1.66 (−5.95, 2.63) Ref.

Waist to height ratio (WHtR)

Crude model 0.01 (0.01,0.02) 0.02 (0.01, 0.03) 0.01 (− 0.01, 0.02) 0.01 (− 0.01, 0.02) Ref.

Adjusted model 0.02 (0.01,0.03) 0.03 (0.02, 0.03) 0.01 (0.01, 0.02) 0.01(−0.02, 0.02) Ref.

Body mass index

Crude model 0.08 (−0.67, 0.49) 0.25 (−0.50, 1.01) 0.22 (− 0.94, 0.50) 0.29 (− 0.93, 0.33) Ref.

Adjusted model 0.45 (−0.14, 1.04) 0.37 (−2.35, 1.62) 0.38 (− 0.35, 1.13) 0.23 (− 0.44, 0.93) Ref.

Ref Reference
Data are β-coefficients (95% confidence interval) from multiple linear regression analysis
All β-coefficients are related to the non-exposed groups
aMeasurements with famine exposure status (unadjusted for any covariate)
bAdjusted for sex, age, residence, educational status, wealth index, dietary pattern, increased blood pressure, physical activity, cigarette smoking, alcohol drinking,
history of chronic diseases and effect modifiers
cAdult height adjusted for sex, age, residence, educational status, wealth index and effect modifiers (Adjusted model)
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of general obesity were (OR:0.85, 95% CI (0.55,1.33)),
(OR:1.04, 95% CI (0.33, 3.30)), (OR:0.20, 95% CI
(0.01, 2.30)), (OR:2.32, 95% CI (0.45,13.0)), respect-
ively (Table 5).
On the multivariable logistic regression, the odds

of abdominal obesity among early life, prenatal, post-
natal and adolescence exposed group were (OR:0.90,
95% CI (0.76, 1.22)), (OR:0.88, 95% CI (0.62, 1.27)),
(OR:0.99, 95% CI (1.36, 7.30)), (OR:1.14, 95% CI
(0.32, 4.02)) in males and females (OR:0.95, 95% CI
(0.65, 1.39)), (OR:0.51, 95% CI (0.20, 1.40)), (OR:1.
04, 95% CI (0.69, 1.53)), (OR:0.87, 95% CI (0.55,
1.38)), respectively (Table 6).

Table 7 shows the effect of famine exposure in
early life on adulthood anthropometry, which was
not modified by sex (famine exposure * sex) and
residence (famine exposure *residence) (p inter-
action > 0.05).

Discussion
In this study, height and waist to height ratio showed an
inverse and linear association with early-life exposure to
famine, respectively. On average, a reduction by 1.83 cm
of adult height was seen among early life exposed groups
compared to non-exposed groups. Likewise, early life ex-
posure to famine was associated with increased waist to

Table 4 Association of famine exposure in early life with overweight and general obesity among males, multinomial logistic
regression analysis, North Wollo Zone, Raya Kobo district, Northeast Ethiopia, 2019 (n = 1384)

Famine exposure status

Models BMI
category

Variables Early life exposed ð Prenatal exposed Post-natal exposed Adolescence exposed

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Crude model Overweight Exposed 1.09 (0.80,1.51) 0.97 (0.66, 1.41) 0.34 (0.04, 3.01) 2.78 (0.59,12.9)

Obesity Exposed 0.82 (0.54,1.23) 1.10 (0.65,1.85) 0.89 (0.58, 5.36) 0.36 (0.07, 1.65)

Adjusted model Overweight Exposed 1.05 (0.70,1.57) 0.44 (0.53, 1.23) 0.41 (0.05, 3.73) 2.75 (0.58,12.8)

Female 0.98 (0.73,1.34) 1.07 (0.70, 1.63) 1.29 (0.05,1.09) 0.72 (0.46,1.2)

Age 0.97 (0.95,1.01) 0.78 (0.61,1.02) 0.84 (0.59,1.17) 1.04 (0.95,1.13)

Urban 1.09 (0.80,1.50) 1.24 (0.81,1.92) 1.05 (0.67, 1.64) 1.26 (0.81, 1.97)

Illiterate 2.03 (1.24,3.29)a 2.32 (1.26,4.25) a 2.42 (1.24, 4.67) a 1.41 (0.72,2.76)

Primary school 1.39 (0.84,2.34) 0.87 (0.44, 1.74) 1.80 (0.90, 3.59) 1.05 (0.52,2.15)

Secondary school 1.26 (0.75,2.12) 1.23 (0.67,2.26) 1.55 (0.80, 3.00) 1.20 (0.62,2.34)

Unhealthy dietary pattern 1.05 (0.78,1.38) 0.97 (0.66, 1.44) 0.94 (0.63, 1.40) 1.03 (0.68,1.55)

Low physical activity level 1.06 (0.68,1.63) 0.63 (0.28, 1.36) 1.44 (0.79, 2.74) 0.86 (0.46, 1.62)

Moderate activity level 0.95 (0.67,1.34) 1.11 (0.69, 1.77) 1.39 (0.87, 2.22) 0.96 (0.58,1.59)

Current drinker 0.96 (0.71,1.30) 0.43 (0.17,1.07) 0.64 (0.36, 1.13) 0.29 (0.06,1.42)

Current smoker 0.92 (0.53,1.56) 0.64 (0.36,1.13) 0.43 (0.17, 1.07) 0.53 (0.29,1.00)

Obesity Exposed 1.01 (0.60,1.68) 0.80 (0.23, 3.58) 0.59 (0.03, 10.39) 0.45 (0.09,2.13)

Female 0.63 (0.43,0.91) a 0.44 (0.25, 0.78) a 0.55 (0.32, 0.94) a 0.67 (0.40,1.11)

Age 1.02 (0.99,1.06) 0.94 (0.66,1.33) 0.93 (0.61, 1.45) 0.96 (0.80,1.05)

Urban 0.73 (0.48,1.09) 0.86 (0.46, 1.59) 0.62 (0.34, 1.14) 0.74 (0.43,1.25)

Illiterate 1.56 (0.88,2.77) 1.91 (0.86,4.25) 2.46 (1.05, 5.41) a 2.43 (1.06,5.55) a

Primary school 1.15 (0.63,2.12) 0.96 (0.40,2.33) 1.57 (0.67, 3.70) 1.73 (0.73, 4.09)

Secondary school 1.43 (0.79,2.54) 1.18 (0.56,2.49) 1.87 (0.87, 4.05) 1.42 (0.59,3.38)

Unhealthy dietary pattern 0.97 (0.69,1.37) 1.09 (0.65, 1.85) 0.98 (0.60, 1.63) 1.20 (0.75,1.92)

Low physical activity level 1.42 (0.86,2.32) 1.12 (0.48, 2.59) 1.71 (0.82, 3.60) 1.05 (0.53, 2.08)

Moderate activity level 1.35 (0.90,2.03) 0.87 (0.44,1.75) 1.78 (1.00, 3.12) 1.33 (0.77, 2.29)

Current drinker 1.50 (0.82, 1.61) 1.17 (0.58, 2.36) 0.23 (0.02, 2.47) 0.48 (0.23,1.00)

Current smoker 1.20 (0.88, 1.61) 1.50 (0.73,3.10) 0.78 (0.46, 1.35) 0.29 (0.06, 1.42)

Normal BMI, Male gender, rural residence, healthy dietary pattern, vigorous, non-smoker/drinker, physical activity above education secondary school education,
healthy dietary pattern was reference
aVariables with significant association
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Table 5 Association of famine exposure in early life with overweight and general obesity among females, multinomial logistic
regression analysis, North Wollo Zone, Raya Kobo district, Northeast Ethiopia, 2019 (n = 1384)

Famine exposure status

Models BMI
category

Variables Early life exposed ð Prenatal exposed Post-natal exposed Adolescence exposed

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Crude model Overweight Exposed 0.96 (0.70, 1.32) 0.96 (0.65, 1.42) 0.95 (0.65, 1.41) 0.98 (0.66, 1.44)

Obesity Exposed 1.08 (0.76, 1.53) 0.91 (0.60,1.40) 1.13 (0.74, 1.75) 1.24 (0.80, 1.90)

Adjusted model Overweight Exposed 0.84 (0.56,1.26) 1.16 (0.39, 3.40) 2.79 (0.28, 27.5) 1.64 (0.39, 6.85)

Female 0.79 (0.58,1.06) 0.65 (0.43, 1.00) 0.72 (0.47,1.10) 0.75 (0.48,1.15)

Age 0.99 (0.96,1.02) 1.08 (0.83,1.40) 1.19 (0.84,1.69) 1.02 (0.94,1.10)

Urban 0.85 (0.62,1.17) 0.83 (0.51,1.33) 0.80 (0.49, 1.28) 0.70 (0.44, 1.00)

Illiterate 0.75 (0.47,1.16)a 0.58 (0.32,1.06) a 0.80 (0.42 1.52) 0.80 (0.42, 1.54)

Primary school 0.86 (0.54,1.38) 0.74 (0.39, 1.40) 0.80 (0.42, 1.55) 0.78 (0.39, 1.55)

Secondary school 1.05 (0.66,1.66) 0.73 (0.42,1.29) 1.17 (0.64, 2.20) 1.01 (0.53, 1.92)

Unhealthy dietary pattern 0.97 (0.74,1.28) 1.13 (0.76, 1.69) 0.81 (0.54, 1.20) 1.88 (0.59,1.30)

Low physical activity level 0.69 (0.45,1.07) 0.76 (0.36, 1.60) 0.48 (0.24, 0.98) 0.59 (0.32, 1.11)

Moderate activity level 0.48 (0.60,1.17) 0.68 (0.41, 1.13) 1.18 (0.74, 1.90) 0.65 (0.39,1.06)

Current drinker 0.85 (0.54,1.36) 0.54 (0.34,1.25) 0.75 (0.50, 1.12) 0.65 (0.31,1.20)

Current smoker 0.98 (0.61,1.57) 0.65 (0.37,1.12) 0.90 (0.43, 2.22) 0.30 (0.31, 1.20)

Obesity Exposed 0.85 (0.55,1.33) 1.04 (0.33, 3.30) 0.20 (0.01, 2.30) 2.32 (0.45,13.0)

Female 0.68 (0.58,0.54)a 0.57 (0.37, 0.92) a 0.51 (0.32, 0.82) a 0.60 (0.37,0.97)

Age 0.99 (0.96,1.02) 1.05 (0.80,1.39) 1.17 (1.15, 2.52) a 1.04 (0.95,1.13)

Urban 1.15 (0.82,1.62) 1.59 (1.00, 2.53) a 1.09 (0.66, 1.180) 0.90 (0.55,1.48)

Illiterate 0.61 (0.37, 1.00) 0.56 (0.30,1.10) 0.97 (0.48, 1.96) 0.54 (0.27, 1.09)

Primary school 0.99 (0.61,1.63) 0.88 (0.47, 1.68) 0.90 (0.45, 1.83) 0.81 (0.41, 1.61)

Secondary school 0.78 (0.47,1.29) 0.51 (0.26,0.96) a 0.77 (0.39, 1.55) 0.58 (0.29, 1.18)

Unhealthy dietary pattern 0.82 (0.60,1.12) 0.79 (0.52, 1.21) 0.65 (0.42, 1.00) 0.80 (0.52,1.25)

Low physical activity level 0.09 (0.42, 1.13) 1.06 (0.51, 2.20) 0.59 (0.28, 1.27) 0.76 (0.39, 1.49)

Moderate activity level 0.97 (0.67,1.39) 1.04 (0.63,1.71) 1.34 (0.80, 2.25) 0.83 (0.49, 1.41)

Current drinker 0.84 (0.57, 1.24) 0.16 (0.01, 2.25) 0.24 (0.01, 5.30) 0.70 (0.36,1.70)

Current smoker 1.86 (0.56, 1.32) 0.64 (0.35,1.17) 0.28 (0.56, 3.41) 0.81 (0.53, 1.30)

Normal BMI, Male gender, rural residence, healthy dietary pattern, vigorous, non-smoker/drinker, physical activity above education secondary school education,
healthy dietary pattern was reference
aVariables with significant association

Table 6 Associations of early life famine exposure and abdominal obesity among adults stratified by sex, North Wollo Zone, Raya
Kobo district, Northeast Ethiopia, 2019 (n = 1384)

Famine exposure status

Models Abdominal
obesity

Early life exposed ð Prenatal exposed Post-natal exposed Adolescence exposed

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Crude model Male 0.97 (0.73,1.28) 0.93 (0.65, 1.32) 0.91 (0.64, 1.28) 1.10 (0.76, 1.52)

Female 1.12 (0.82, 1.50) 1.00 (0.69,1.46) 1.03 (0.71, 1.50) 1.30 (0.91, 1.86)

Adjusted model Male 0.90 (0.76, 1.22) 0.88 (0.62, 1.27) 0.99 (1.36, 7.30) 1.14 (0.32, 4.02)

Female 0.95 (0.65, 1.39) 0.51 (0.20, 1.40) 1.04 (0.69, 1.53) 0.87 (0.55, 1.38)

All odd ratios are related to the non-exposed groups
Ref Reference, Cl Confidence interval, OR Odds ratio, * Statistical significance
Crude model: Famine exposure in different stage of life and abdominal obesity
Adjusted model: adjusted for age, educational status, wealth index, dietary pattern, increased blood pressure, physical activity, cigarette smoking, alcohol drinking,
history of chronic diseases and effect modifiers
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height ratio in adults by 0.02. However, we could not
find an association between early-life exposure to famine
and BMI in adults. In linear regression analysis, we iden-
tified the timing of exposure to famine (prenatal, post-
natal, or adolescence) as an independent predictor. Only
prenatal and post-natal exposure to famine resulted in a
1.35 and 2.07 cm decrease in adult height, respectively.
Similarly, prenatal and post-natal exposure to famine
were associated with 0.03 and 0.01 increase in waist to
height ratio, respectively. Exposure to famine in early life
was not associated with increased risk of overweight,
general obesity, and abdominal obesity.
The finding that early-life exposure to famine associ-

ated with a shorter adult height was consistent with pre-
vious famine studies [29, 33, 42, 43]. This finding
corroborates Barker et al., theoretical explanations that
consider early life undernutrition as the most important
factor yielding long-term consequences on an individ-
ual’s growth and development [19]. Moreover, the accu-
mulation of risk model also suggests that health
conditions in later life is resulted not only from a single
period of exposure to famine, but also from exposures
during prenatal, infancy, and adolescence [44].
In our study, we did not found any effect on adult

height from exposure to famine during adolescence. This
can be seen from the psychosocial enhancement dimen-
sions of childhood and social growth change, as stature
is a summary of all previous height increments [45].
Adolescence can alter the height of a peer group due to

psychosocial stimulation. Eveidences showed that
adequate early-life psychosocial enhancement is well
known to be associated with growth control [45–47]. As
a result, the effect of undernutrition on early life can be
reversed to an adjusted body height [45, 46].
An increased waist to height ratio among adults was

observed in the present study after early-life exposure to
famine. The finding was consistent with other studies
conducted in China [31], Dutch [26], and Nigeria [48].
This could be due to intrauterine nutritional insult,
which brings developmental adaptations that perman-
ently change the body structure and function and
increases the risk of intra-abdominal fat deposition in
later life [22]. Nonetheless, our study was not supported
by studies conducted in Leningrad [49, 50]. Further-
more, our study revealed that famine exposure during
adolescence was not associated with increased risk of
the waist to height ratio. This could indicates that the
increased risk of waist to height ratio in later life is pro-
gramed during the period of intrauterine and first 2 years
of post-natal life [51].
In this study, exposure to famine during early life was

not associated with BMI in adults. The finding is in line
with earlier famine studies [48, 50]. However, it is not
supported by famine studies conducted in China [25, 33,
42] and Dutch [28]. This could be due to the difference
in dietary habit, age of participant and ethnicity [52, 53].
Moreover, adulthood BMI is mainly related to current
dietary intake. Monotonous low-quality diets with

Table 7 Associations of early life famine exposure and adulthood anthropometric measurements stratified by sex and residency,
multivariable linear regression analysis, North Wollo Zone, Raya Kobo district, Northeast Ethiopia, 2019 (n = 1384)

Heighta Famine exposure status

Early life exposed Prenatal exposed post-natal exposed Adolescence Exposed Non-exposed

Male −4.67 (−6.36, −2.97) −1.44 (−2.86, −0.03) −1.42 (−3.05, 0.21) −1.1 (− 1.30, −4.83) Ref.

Female − 0.16 (− 4.56, 4.24) − 2.73 (− 4.45, − 1.02) − 2.30 (− 4.05, − 0.53) − 1.60 (− 3.05, 4.16) Ref.

Urban −0.36 (− 1.56, 0.82) 0.07 (− 3.82, − 3.97) 0.98 (− 2.42, 0.45) 0.45 (− 6.04, 5.13) Ref.

Rural −4.24 (− 6.39, − 2.09) −2.47 (− 4.63,0.31) − 3.33 (−5.43, − 1.24) −2.28 (−9.15, 4.72) Ref.

Waist to height ratio (WHtR)

Male 0.02 (0.02,0.04) 0.02 (0.01, 0.03) 0.02 (0.01, 0.04) 0.07 (0.03, 0.04) Ref.

Female 0.07(− 0.08,0.02) 0.02 (0.04 0.05) 0.02 (0.02, 0.05) 0.02 (0.03, 0.04) Ref.

Urban 0.03 (0.02, 0.05) 0.03 (0.03,0.054) 0.10 (−0.20, 0.02) 0.03 (− 0.09, 0.03) Ref.

Rural 0.07 (−0.06, 0.02) 0.03 (0.02, 0.03) 0.07(−0.12, 0.05) 0.05 (−0.05, 0.05) Ref.

Body mass index

Male −0.15 (− 0.93, 0.63) −0.20 (− 1.20, 0.80) 0.20 (−2.4, 2.7) − 1.36 (− 2.27, 0.52) Ref.

Female 0.23 (− 0.62, 1.07) 0.84 (− 0.19, 1.88) 0.16 (− 0.89, 1.22) 0.16(− 0.89, 1.22) Ref.

Urban −0.34(− 1.05, 0.37) −0.07(− 0.99, 0.84) −0.58(− 1.42, 0.38) −0.37(− 1.15, 0.41) Ref.

Rural 0.56(−0.44, 1.56) 1.06 (− 0.25, 2.38) 0.65 (− 0.60, 1.92) 0.02 (− 1.01, 1.04) Ref.

All β-coefficients are related to the non-exposed groups, Ref—Reference
All analyses were adjusted for age, educational status, wealth index, dietary pattern, increased blood pressure, physical activity, cigarette smoking, alcohol
drinking, history of chronic diseases and effect modifiers
aAdult height adjusted for sex, age, residence, educational status, wealth index and effect modifiers
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inadequate animal products, fresh fruits, and vegetables
is the norm in Ethiopia [54]. This could have resulted in
chronic energy deficiency (CED), which is explained by
decreased BMI [55].
Furthermore, our study attested that exposure to famine

during the early stage of life was not significantly associated
with overweight, general obesity, and abdominal obesity in
adults. This finding was in line with previous studies con-
ducted in Europe [28, 49, 50] and Asia [56, 57]. Nevertheless,
it was not consistent with other Chinese famine studies [30,
33]. This could imply that the impact of famine on adult-
hood overweight/obesity could be exacerbated by lifestyle
factors including smoking, unhealthy diets, and sedentary
lifestyles [31]. The study of Zhou J et al., (2019) in Chinese
study observed that the joint effect between famine and
harmful dietary pattern could have serious consequences on
later-life health outcomes [58].
We also found a decreased in adult height, increased

waist to height ratio and body mass index among
female survivors than males similar to previous studies
[28, 29, 31, 33]. This could be due to the mortality se-
lection hypothesis, which indicates undernutrition in
utero costs for female babies than males resulting in a
better opportunity to survive in the harsh environment
for female babies [59]. In Ethiopia, the culture of son
preference and discrimination against girls often leads
to unequal distribution of food, which may augment
these risk markers [60].
The finding of this study implies nutrition during early

stage of human growth and development has a signifi-
cant effect on adult health. It also infers proper feeding
of mothers and children will allow future generations
give a child with a good start to life. The sex difference
impact of undernutrition in early life indicates that the
severity of malnutrition among females is high, and
female babies need a better nutritional care across the
life span.
Our study acknowledges the following limitations.

First, the findings might be partly biased by self-
selection effects. It is plausible that potential participants
couldn’t participate because of health-related problems,
and others may have already died due to the exposure.
Second, other proxy indicators of food restrictions in
early life such as birth weight and childhood eviromental
conditions were not captured. These all might underesti-
mate the true relationship between exposure and the
outcome. Third, the long-term consequence of famine is
more likely depends on the severity of the exposure
within the individual households, which could not be
measured due the widspread nature of the famine.

Conclusions
Prenatal and post-natal exposure to famine was associ-
ated with height deficits and increased waist to height

ratio in adults. Therefore, these findings highlight the
need to improve diet during pregnancy and early child-
hood life as these periods are critical for the origin of
adulthood disease. Further studies with better controls
for age, famine severity, and consideration of individual
food intakes are needed to estimate the long term health
effect of famine.
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