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ABSTRACT
Background  As the threat of child malnutrition increases, 
the focus remains mostly on short-term consequences. 
Long-term sequelae are increasingly recognised but lack 
strong evidence, and many studies face methodological 
limitations.
Method  A retrospective cohort of survivors of the 1984–1985 
Great-Ethiopian Famine was compared with two novel control 
groups: born post-famine; and age category- and sex-matched 
controls. Exposure to famine at different age categories was 
explored (fetal, 0–2, 2–5, 5–10 and 10–18 years). Follow-up 
was 40 years later. Outcomes included anthropometry, body 
composition, arterial stiffness, mental health, and risk of 
cardiometabolic and non-communicable diseases (NCDs). 
Adjusted differences and 95% CI between exposed and 
controls were calculated.
Results  Compared with matched and post-famine controls, 
adjusted differences (95% CI) for exposed group were: height, 
−1.4 cm (−2.4 to –0.3) and −2.4 cm (−3.7 to –1.1); weight, 
−1.4 kg (−2.7 to –0.1) and −1.7 kg (−3.3 to –0.1); diastolic 
blood pressure (DBP), −2.8 mm Hg (−4.4 to –1.1) and 
2.8 mmHg (0.9 to 4.7); handgrip strength, −1.7 kg (−2.7 to 
–0.6) and −4.1 kg (−5.5 to –2.7); brachial augmentation index, 
5.4% (0.3% to 10.5%) and 16.1% (10.1% to 22.1%); aortic 
augmentation index, 6.0% (1.5% to 10.4%) and 11.7% (6.1% 
to 17.3%); subscapular skinfold thickness, 1.1 mm (0.2 to 1.9) 
and 1.2 mm (0.1 to 2.3); triceps skinfold thickness, 1.8 mm (0.8 
to 2.7) and 2.1 mm (1.0 to 3.3) and waist-to-height ratio, 0.01 
(0.003 to 0.02) and 0.01 (0.001 to 0.02), respectively. When 
comparing risk by timing of exposure, individuals exposed 
during early childhood (0–2 years), preschool age (2–5 years), 
and late childhood (5–10 years) had reduced adult stature of 
−2.8 cm (–4.8 to –0.9), −2.8 cm (−4.7 to -0.9) and −2.1 cm 
(–4.0 to −0.2), respectively, and increased triceps skinfold of 
1.7 mm (−0.5 to 3.8), 3.2 mm (0.8 to 5.6) and 3.8 mm (1.6 to 
6.02), respectively.
Conclusions  Early-life famine exposure is associated with 
smaller adult size and several, but not all NCD risks. Lower DBP 

in survivors compared with matched controls is surprising and 
might reflect differential susceptibility to specific later-life health 
risks. Greater arterial stiffness underscores the need to identify 
both preclinical and clinical risk. In contrast to exposure in 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Our recent systematic review shows early-life famine or 

malnutrition is associated with adult non-communicable 
disease (NCD) risk. However, many studies have key 
limitations. Notably, most focused on famine exposure 
in the first 1000 days, used controls born post-famine 
(which induces age-related bias), many did not consider 
the exact age at exposure (hence exposure classification 
is oversimplified), and few studies assessed early sub-
clinical markers of NCD risk.

WHAT THIS STUDY ADDS
	⇒ We established a migrant-based cohort of famine survi-

vors with two distinct novel control groups (age and sex-
matched, and post-famine) and assessed clinical NCD 
risk and arterial stiffness as future hypertension and 
cardiovascular disease markers. For the first time, we 
show higher arterial stiffness in famine survivors com-
pared with both control groups, whereas diastolic blood 
pressure in survivors was higher than in post-famine 
controls, but lower than in matched controls.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our results underscore the need for robust control 
groups and inclusion of subclinical markers to better 
understand famine-associated NCD risk. Post-famine 
NCD is influenced by early life phenotypic predisposition 
and later-life exposures, requiring longer-term follow-up 
to truly understand impact. Innovative health systems 
should be considered in drought and famine-affected 
regions.
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utero, risk was higher among those exposed during early childhood (0-2 years), 
preschool (2–5 years) and late childhood (5–10 years). The study underscores 
the need for a dual approach in low- and middle-income settings: tackling the 
immediate undernutrition while also anticipating and mitigating long-term NCD 
risk in populations exposed to early-life severe malnutrition or famine.

INTRODUCTION
Global food insecurity is on the rise due to climate 
change, conflict and migration1; this will worsen as inter-
national funding and aid becomes increasingly strained. 
The 1980s Great Ethiopian Famine was one of the worst 
famines in the 20th century.2 It severely affected 20% of 
the country’s population, leaving 300 000 to 1.2 million 
dead, and 2.5 million internally displaced.3 As the global 
threats to child malnutrition continue to rise, due 
to factors such as climate change, economic shocks, 
inequity, conflict, instability, forced displacement and 
decreasing international aid,4 5 most attention remains 
focused on the short-term consequences, particularly the 
risk of death. Long-term sequelae are increasingly recog-
nised, yet evidence is sparse and many existing studies 
face methodological limitations.

In the 1980s, Barker reported associations between 
low birth weight and adult coronary heart disease for the 
first time,6 7 leading to the developmental origins of adult 
health and disease hypothesis.8 In the 1990s and early 
2000s, the long-term consequences of childhood stunting 
have been documented.9 Since then, a growing body of 
research has also shown the long-term consequences of 
severe malnutrition or famine exposure during early 
life, such as poor physical, mental and cardiometabolic 
health. This has been documented in different parts of 
the world10–12; notably in the Dutch Hunger Winter13–15 
and the Chinese famine.16–20 Exact mechanisms linking 
early-life exposure to famine/malnutrition and later-life 
risks for non-communicable disease (NCD), however, 
remain elusive. Current explanations of how early-life 
malnutrition impacts long-term health include the thrifty 
phenotype hypothesis21 and the capacity-load model.22 
Moreover, literature on the long-term consequences of 

famine or childhood malnutrition has several limitations, 
paying inadequate attention to the age of individuals at 
the time of exposure to the famine or malnutrition and 
the age of the control groups.11 Thus, in this study, we 
aimed to examine the effects of exposure to famine during 
different early-life periods (specifically in utero; 1st 1000 
days; 2–5 years (preschool); 6–10 years (school-age); 
10–18 years (adolescent) on later-life health outcomes, 
while also exploring how the risks vary, depending on the 
choice of control groups. Our conceptual framework is 
presented in figure 1.

Our hypotheses are that:
1.	 Individuals exposed to famine during early life (from 

fetal to adolescence) have an increased risk of adverse 
health outcomes and NCD risk in adulthood.

2.	 Age of individuals at the time of exposure (fetal, 0–2 
years, 2–5 years, 5–10 years and 10–18 years) shapes 
the magnitude of the effect on health and NCD out-
comes in adult life.

3.	 The choice of unexposed control group is important, 
with risks differing depending on whether the com-
parison is with controls born post-famine or age- and 
sex-matched controls.

The findings of this study will provide robust evidence 
on how early-life malnutrition or famine exposure 
affects later-life physical, mental and cardiometabolic 
health outcomes, offering critical insights to guide nutri-
tion interventions, health system planning and policies 
aimed at reducing the long-term consequences of severe 
malnutrition.

Methods

Setting and period
This community-based study was conducted from 5 
January to 30 March 2024, in Jimma, Southwest Ethiopia. 
In consultation with national and regional authorities, we 
identified the areas where survivors of the 1980s famine 
had been relocated. We then engaged with the Jimma 
Zone authorities to determine the specific administrative 
units in which these relocated survivors currently reside. 

Figure 1  Conceptual framework linking early life malnutrition with later health and disease outcomes in the Ethiopian 1980s 
famine cohort based on the thrifty phenotype and capacity load model.
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Jimma is famine-unaffected area to which survivors of 
the 1984–1985 famine (which mainly affected Northern 
areas of the country) were relocated and settled during 
the immediate post-famine period. Residents in this 
area are primarily farmers who cultivate grain (maize, 
teff and rice), coffee, as well as roots and fruits. Though 
individual level household food insecurity may exist, the 
study setting at community level is a food-secure and 
productive area. Consequently, both the exposed (after 
relocation) and control groups have had adequate food 
access and did not require any food aid or Safety Net 
support.

Design
We established a historical cohort of individuals exposed 
to famine using a novel design, with two complemen-
tary control groups. The first control group was a native 
Jimma population matched by sex and age category at 
the time the famine occurred: in utero, early childhood 
(0–2 years), preschool (2–5 years), late childhood (5–10 
years) and adolescence (10–18 years) (referred to as 
matched controls). We also included a second control 
group born post-famine to parents who were relocated 
from the famine-affected area to Jimma during or imme-
diately after the famine, and born to famine non exposed 
parents in the local community - (referred to as post-
famine controls). The data was collected through home-
to-home visits using trained data collectors.

Population
The population consisted of famine-exposed and non-
exposed individuals recruited through home-to-home 
visits in the community. In collaboration with the zonal 
and district administrations, we identified local resi-
dents—matched controls—who were born and raised 
in the Jimma Zone. Daily community-based data collec-
tion was supported by local community guides. To estab-
lish exposure status, before enrolment, all participants 
were screened using questions on their place and date 
of birth, the area where they grew up, exposure to the 
1980s northern famine and exposure to any other 
famine events. Pregnant women and individuals with 
acute severe illness who were unable to communicate or 
required urgent medical attention were excluded. The 
date of birth is provided in online supplemental figure 1.

Exposure and exposed group
The exposure of interest is the 1984–1985 Great Ethi-
opian Famine that occurred in the northern part of 
the country. The famine was characterised by a severe 
shortage or complete lack of food following an extended 
drought impacting harvesting that resulted in wide-
spread starvation, severe malnutrition and high mortality. 
The geographic coverage of the famine has been docu-
mented by both the national government and interna-
tional organisations, indicating that the most affected 
areas were Tigray, Wollo and the northern part of 
Shewa. Our study populations are those individuals who 

survived the 1984–1985 famine and their controls. The 
famine survivors had been exposed between September 
1984 and August 1985 and were divided into subgroups 
based on their age at the time of exposure. To be classi-
fied as exposed, individuals had to meet all three of the 
following criteria: (A) resided in a drought-affected or 
famine-affected area during 1984–1985; (B) was in utero, 
or between the ages of 0 and 18 years, during the famine 
(ie, born between September 1966 and May 1986) and 
(C) experienced famine conditions for at least 1 month.

Control groups
All controls were individuals who had not been exposed 
to the 1980s Great Ethiopian Famine or any other famine 
in their lifetime. Controls were selected from the Jimma 
area based on screening procedures designed to mini-
mise the likelihood of prior exposure to famine or severe 
childhood malnutrition. For matched controls, the 
following three criteria had to be met: (A) never lived 
in the drought/famine-affected areas; (B) not exposed 
to the 1984–1985 drought/famine or any other famine 
and (C) born between September 1966 and May 1986. 
The other group of controls, born post-famine, had to 
be born in the Jimma area between September 1987 
and December 1993. Controls born post-famine had two 
subgroups. The first subgroup consisted of those born 
post-famine to exposed parents who had migrated from 
the famine area to Jimma, and the second subgroup were 
those born to non-exposed parents in the local Jimma 
community. These screening steps were used to ensure 
that control participants were unlikely to have experi-
enced major nutritional shocks during childhood.

Outcomes of interest
Several outcome indicators were collected to assess phys-
ical health, mental health and NCD risk. These included 
adult anthropometry (height, weight, body mass index 
(BMI), mid-upper arm circumference), handgrip 
strength, body composition (fat mass, visceral tissue 
and skeletal muscle mass), measures of central adiposity 
(waist circumference, hip circumference, waist-to-hip 
ratio, and waist-to-height ratio), skinfold thicknesses 
(triceps and subscapular), blood pressure and arterial 
stiffness. We also assessed episodes of non-communicable 
chronic illness and mental illness outcomes.

Covariates
To account for potential confounding factors, we 
collected data on age, sex, educational status, occupa-
tion, religion and wealth status, which were included in 
statistical analysis.

Measurements and tools
A structured questionnaire was developed to collect data 
on sociodemographic and economic conditions, medical 
history and pregnancy-related history (females only). 
Sociodemographic and economic information included 
age, sex, education, occupation, marital status, religion 
and relative economic position compared to the local 

https://dx.doi.org/10.1136/bmjgh-2025-021721
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community. Data on medical history covered previous 
diagnosis of hypertension, diabetes, epilepsy, cardio-
vascular diseases, stroke, asthma, chronic pain, mental 
illness and suicide risk. These were assessed using closed-
ended (yes/no) questions. The current status of hyper-
tension, anxiety and depression was assessed using blood 
pressure measurement and reported symptoms.

Current mental health status was assessed using the 
Patient Health Questionnaire-9 for depression23 and the 
Generalised Anxiety Disorder-7 questionnaire for anxiety 
problems.24 Lifestyle- and behaviour-related factors were 
also assessed, including alcohol and substance use (Khat, 
Nicotine, Marijuana, Cannabis or Cocaine) for life-time, 
past 12 months and current use; physical activity (self-
reported using the Global Physical Activity Question-
naire for a typical week)25; dietary patterns (self-reported 
24-hour recall using the Global Diet Quality Question-
naire)26 and sleep quality, assessed using a standardised 
questionnaire.27

Anthropometry/physical measurements
Anthropometric indicators were measured following 
the WHO growth assessment protocol,28 29 employing 
two independent measurers to obtain paired anthropo-
metric measurements. If the two measurements differed 
beyond the acceptable range, both observers carried out 
a repeated measurement. Height was measured using an 
adult height board to the nearest 0.1 cm, and weight using 
a digital Seca 286 weighing scale to the nearest 0.1 kg. 
Waist and hip circumferences were measured to the 
nearest 0.1 cm using a SECA girth tape (Seca, Germany, 
Model 200). Handgrip strength in kg was measured using 
a Dynamometer (Jamar). Systolic and diastolic blood 
pressure (SBP and DBP) were measured to the nearest 
mm Hg after a 5 min rest using an Omron BP785 digital 
blood pressure device. Hypertension was defined by SBP 
of 140 mm Hg or higher, or DBP of 90 mm Hg or higher. 
Arterial wall stiffness was measured using pulse wave 
velocity analysis (Arteriograph, TensioMed).

Body composition (total fat mass, visceral fat 
mass and skeletal muscle mass) was predicted using 
a portable non-invasive bio-electrical impedance 
device using manufacturers’ equations (Omron 
Body Composition Scanner). Skinfold thickness was 
measured using a Harpenden calliper (Baty Interna-
tional, England) at the subscapular and triceps areas 
in duplicate.

Quality assurance: The research team completed 
1 week of training and a pilot test, with standardised 
procedures to ensure consistency. Additional quality 
was maintained through spot checks, double measure-
ments, double data entry and continuous supervision 
by field coordinator and supervisors.

Sample size considerations
Assuming a mean difference of 2.5 mm Hg with 
5.0 mm Hg standard deviation (SD) DBP from a 
previous study30 and a 2:1 ratio between exposed 

and control groups, with 80% power, 95% confi-
dence level, the required sample size was 94 in each 
exposed age-category group and 47 for each control 
group. Inflating by 15% to account for potential 
non-response or missing data, a total of 805 partic-
ipants were recruited, with 107 participants in each 
exposed age-category group, and 54 participants in 
each control group, across all five age categories. 
Likewise, the post-famine control groups consisted 
of 107 individuals born post-famine to migrant 
famine-exposed parents; and 54 born to famine 
non-exposed local parents, totalling 161 partici-
pants. We employed a consecutive sampling method. 
In all administrative units where participants were 
enrolled, screening and recruitment started from 
the centre of the administrative unit and moved out 
to the periphery until we had reached our target 
sample size. Only one participant was recruited from 
each selected household.

Statistical analysis
Electronically collected data were exported to 
STATA release V.18.5 (StataCorp). All anthropo-
metric measurements were calculated as the arith-
metic mean of duplicate measurements. Categorical 
data were analysed and described using percentage 
and frequency while continuous data were analysed 
using either mean and SD or median and IQR after 
checking the normality of the distribution. Lifetime 
NCD episodes were defined by the reported presence 
of any of the following: hypertension, diabetes, raised 
cholesterol, stroke, mental health problems, epilepsy 
and any other chronic NCD.

Analyses were conducted using standard linear 
regression for continuous outcomes, and logistic 
regression for binary outcomes, with prespecified 
models. As the matching was done by frequency for 
age category rather than by paired (one-to-one) age-
matching, we employed a standard regression analysis 
model where the analysis was adjusted for age, rather 
than being adjusted for matching as with conditional 
regression analysis model. Models were developed 
based on confounding factors described in the liter-
ature and the presence of biologically plausible rela-
tionships. Model 1 was unadjusted, model 2 adjusted 
for age and sex and model 3 further adjusted for reli-
gion, educational status and socioeconomic status. 
Additionally, Model 3 included current BMI, alcohol 
and substance use, physical activity and diet quality 
when outcomes were blood pressure, skinfolds, body 
composition, hip and waist circumferences, hand-
grip strength and mental health problems. However, 
current BMI was excluded and height was added into 
model 3 when outcomes were body fat, visceral fat 
and skeletal muscle mass. Finally, the adjusted differ-
ence (AD) in relative risk or coefficient estimates and 
95% CIs was reported.
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RESULTS
Background characteristics
Of 986 individuals screened, 966 consented to partic-
ipate. Among these, 528 (55%) were in the exposed 
group, 280 (29%) were matched controls and 158 (16%) 
post-famine controls. The study flow chart is presented in 
online supplemental figure 2. The age range was 38–57 
years for the exposed group and their matched controls, 
and 31–36 years for the post-famine controls (table 1).

Anthropometric, body composition and clinical profiles
Mean and SD for height and weight were 160.2 (8.3) cm 
and 51.3 (8.2) kg in the exposed, and 161.8 (8.7) cm and 
52.1 (8.4) kg in the matched controls. Mean blood pres-
sure was 113.6 (13.4) mm Hg and 77.6 (9.2) mm Hg for 
SBP and DBP in the exposed, and 116.9 (18.3) mm Hg 
and 80.1 (10.9) mm Hg in the matched controls. Hand-
grip strength was 20.9 (7.7) kg in the exposed and 23.2 
(7.5) kg in the matched controls. In the unmatched (post-
famine) controls, individuals born to famine-exposed 
parents had an average height of 163.2 cm, weight of 
53.3 kg, SBP of 112.7 mm Hg, DBP of 74.0 mm Hg, hand-
grip strength of 26.0 kg, body fat percentage of 21.4% 
and skeletal mass percentage of 34.3%. Those born to 
non-exposed parents had an average height of 160.4 cm, 
weight of 51.8 kg, SBP of 109.6 mm Hg, DBP of 74.5 mm 
Hg, handgrip strength of 23.1 kg, body fat percentage 
of 23.7%, and skeletal mass percentage of 32.4%. Addi-
tional age-stratified clinical data are presented in table 1.

The prevalence of depression and anxiety was 47 (8.9%) 
and 23 (4.6%), respectively, in the exposed group, and 
24 (8.6%) and 9 (3.1%) in the matched controls. Life-
time episodes of any forms of NCD (other than mental 
illness) were 47 (8.9%) and 28 (10%) in the exposed and 
matched control groups, respectively.

Risk of poor health and NCD in famine-exposed groups by age 
at the time of exposure
In adjusted regression models, the overall AD and 95% CI 
for the exposed group in height was −1.4 cm (−2.4 to 
–0.3) and −2.4 cm (−3.7 to −1.1) compared with matched 
and post-famine controls, respectively. The AD in weight 
was −1.4 kg (−2.7 to –0.1) and −1.0 kg (−2.6 to 0.6) for the 
exposed compared with matched and born post-famine 
controls. In comparison to matched and post-famine 
controls, the AD for the exposed group in subscapular 
skinfold was 1.1 mm (0.2 to 1.9) and 1.2 mm (0.1 to 2.3), 
triceps skinfold was 1.8 mm (0.8 to 2.7) and 2.1 mm (1.0 
to 3.3), handgrip strength was −1.7 kg (−2.7 to –0.6) and 
−4.1 kg (−5.5 to –2.7), and waist-to-height ratio was 0.01 
(0.003 to 0.02) and 0.01 (0.001 to 0.02), respectively. 
Compared with matched and born-post famine controls, 
the AD in the exposed group for SBP was 4.1 mm Hg 
(−6.7 to –1.5) and −0.1 mm Hg (−2.8 to 2.6), and DBP 
was −2.8 mm Hg (−4.4 to –1.1) and 2.8 mm Hg (0.9, 4.7), 
respectively. Details are provided in figure 2 and online 
supplemental table 1.

Compared with matched and post-famine controls, AD 
of the exposed group during the first 1000 days in height 
was −1.5 cm (−3.2 to 0.2) and −1.6 cm (−3.2 to 0.1) and 
weight was −2.1 kg (−4.1 to –0.1) and −0.9 kg (−2.7 to 
1.0), respectively. AD in waist-to-height ratio was 0.01 (0.0 
to 0.02) and 0.01 (−0.003 to 0.02) and handgrip strength 
was −0.7 kg (−2.2 to 0.8) and −1.8 kg (−3.2 to –0.4) in 
the exposed compared with matched and post-famine 
controls (see online supplemental table 2 for detail).

AD of the exposed group in the first 5 years of life 
in height was −1.8 cm (−3.5 to 0.2) and −1.7 cm (−3.2 
to −0.2), and in weight was −1.6 kg (−3.2 to 0.12) and 
−0.9 kg (−2.6 to 0.9); compared with matched and post-
famine controls. AD in the waist-to-hip ratio and waist-
to-height ratio was 0.02 (0.01 to 0.03) and 0.01 (−0.01 
to 0.02) and 0.01 (−0.0003 to 0.02) and 0.01 (−0.003 to 
0.02) compared with matched and post-famine controls, 
respectively. AD in triceps skinfold was 1.4 mm (0.2 to 
2.6) and 1.3 mm (0.1 to 2.5) in the exposed compared 
with matched and post-famine, respectively. AD in DBP 
was −2.4 mm Hg (−4.4 to −0.3) and 1.3 mm Hg (−0.8 to 
3.4) in the exposed compared with matched and post-
famine controls. Further details are given in figure 3 and 
online supplemental table 3.

AD in height in those exposed between 5 and 18 
years was −0.9 cm (−2.5 to 0.7) and −3.5 cm (−6.3 to 
–0.7), and AD in weight was −0.7 kg (−2.9 to 1.4) and 
−1.0 kg (−4.6 to 2.6) compared with matched and 
post-famine controls, respectively. AD in DBP was 
−4.0 mm Hg (−6.7 to –1.2) and 5.1 mm Hg (0.9 to 
9.3) and triceps skinfold thickness was 2.4 mm (0.9 to 
3.9) and 2.8 mm (0.5 to 5.2) and handgrip strength 
was −2.2 kg (−3.9 to –0.4) and −2.2 kg (−3.9 to –0.4) 
in the exposed group compared with matched and 
post-famine controls, respectively (online supple-
mental table 4). The effect of exposure at the 
different chronological ages on anthropometry and 
NCD risk is presented in online supplemental table 
5. In summary, when comparing risk by timing of 
exposure, individuals exposed during early child-
hood (0–2 years), preschool age (2–5 years) and late 
childhood (5–10 years) had reduced adult stature 
of −2.8 cm (−4.8 to –0.9); −2.8 cm (−4.7 to 0.9) and 
−2.1 cm (−4.0 to –0.2), and increased triceps skinfold 
thickness of 1.7 mm (−0.5 to 3.8), 3.2 (0.8 to 5.6) and 
3.8 mm (1.6 to 6.0), respectively.

AD in the exposed group for arterial stiffness 
(higher values, except in pulse wave return time and 
ejection duration of the left ventricle, indicating 
stiffness) in brachial augmentation index was 5.4% 
(95% CI 0.3% to 10.5%) and 16.1% (95% CI 10.1% 
to 22.1%) compared with matched and post-famine 
controls, respectively, and in aortic augmentation 
index was 6.0% (95% CI 1.5% to 10.4%) and 11.7% 
(95% CI 6.1% to 17.3%) respectively. Additionally, 
AD in mean arterial pressure in the exposed group 
was −4.0 mm Hg (−6.1 to –1.9) and 1.8 (−0.5 to 4.1) 
and for pulse wave return time (lower value indicating 

https://dx.doi.org/10.1136/bmjgh-2025-021721
https://dx.doi.org/10.1136/bmjgh-2025-021721
https://dx.doi.org/10.1136/bmjgh-2025-021721
https://dx.doi.org/10.1136/bmjgh-2025-021721
https://dx.doi.org/10.1136/bmjgh-2025-021721
https://dx.doi.org/10.1136/bmjgh-2025-021721
https://dx.doi.org/10.1136/bmjgh-2025-021721
https://dx.doi.org/10.1136/bmjgh-2025-021721
https://dx.doi.org/10.1136/bmjgh-2025-021721
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Table 1  Sociodemographic and anthropometry characteristics of the 1980s Great Ethiopian Famine cohort by exposure 
status after 40 years

Anthropometric and clinical characteristics

Exposed
Matched 
control Born post-famine

N=528 N=280

All born 
post-famine
n=158

Born to famine 
exposed parent; 
n=104

Born to famine 
non-exposed 
parent; n=54

Age in years, mean (SD) 43.9 (5.7) 43.8 (5.7) 32.1 (2.1) 32.2 (2.2) 31.9 (2.1)

Sex, female, n (%) 252 (48.4) 133 (47.7) 85 (54.1) 55 (51.9) 30 (58.8)

Religion, n (%) Orthodox Christian 321 (60.8) 31 (11.1) 89 (56.7) 83 (79.8) 6 (11.1)

Muslim 203 (38.4) 249 (88.9) 64 (40.8) 21 (20.2) 44 (81.5)

Other 4 (0.8) 0 (0) 4 (2.6) 0 (0) 4 (7.4)

Ever attended 
school

Yes (n (%)) 217 (41.1) 140 (50.0) 94 (57.0) 57 (54.8) 37 (68.5)

Educational status 
among those ever 
attended school, n 
(%)

Illiterate 17 (7.8) 9 (6.4) 4 (4.3) 3 (5.3) 1 (2.7)

Able to read/write 17 (7.8) 7 (5.0) 2 (2.1) 1 (1.8) 1 (2.7)

Grade 1–6 159 (73.3) 99 (70.1) 44 (46.8) 28 (49.1) 16 (43.2)

Grade 7–8 21 (9.7) 13 (9.3) 9 (9.6) 7 (12.3) 2 (5.4)

Grade 9–12 3 (1.4) 10 (7.1) 21 (22.3) 14 (24.6) 7 (18.9)

Diploma 0 (0) 2 (1.4) 5 (5.3) 1 (1.8) 8 (21.6)

Degree 0 (0) 0 (0) 0 (0) 3 (5.3) 2 (5.4)

Anthropometry 
measurements, 
mean (SD)

Height (cm) 160.2 (8.3) 161.8 (8.3) 162.3 (9.6) 163.2 (9.4) 160.4 (9.8)

Sitting height (cm) 81.3 (5.4) 81.1 (4.9) 81.6 (4.7) 82.2 (4.3) 80.1 (5.0)

Weight (kg) 51.3 (8.2) 52.1 (8.4) 52.8 (8.8) 53.3 (8.9) 51.8 (8.5)

BMI (kg/m2) 20.0 (2.8) 19.9 (2.8) 20.0 (2.6) 20.0 (2.6) 20.1 (2.6)

MUAC (cm) 24.5 (2.8) 24.1 (2.6) 24.4 (2.3) 24.4 (2.2) 24.3 (2.5)

Categorical BMI, n 
(%)

Thin 66 (12.5) 31 (11.1) 15 (9.5) 12 (11.5) 3 (5.6)

Underweight 99 (18.8) 60 (21.4) 21 (13.3) 10 (9.6) 11 (20.4)

Normal 331 (62.7) 176 (62.9) 113 (71.5) 77 (74.0) 36 (66.7)

Overweight 24 (4.5) 11 (3.9) 9 (5.7) 5 (4.8) 4 (7.4)

Obese 8 (1.5) 2 (0.7) 0 (0) 0 (0) 0 (0)

Markers of body 
composition and 
adiposity, mean (SD)

Body fat mass % 21.1 (9.9) 20.7 (10.4) 22.2 (9.4) 21.4 (8.9) 23.7 (10.3)

Body fat, in kg 10.8 (1.7) 10.8 (1.7) 11.7 (2.0) 11.4 (1.8) 12.3 (2.1)

Visceral fat % 4.1 (2.9) 3.8 (2.2) 3.4 (1.6) 3.4 (1.6) 3.3 (1.5)

Visceral fat, kg 2.1 (0,3) 2.0 (0.3) 1.8 (0.3) 1.8 (0.3) 1.7 (0.3)

Skeletal mass % 33.2 (7.1) 33.6 (7.0) 33.6 (7.3) 34.3 (6.9) 32.4 (7.9)

Skeletal mass, kg 17.1 (2.7) 17.5 (2.8) 17.7 (3.0) 18.3 16.8 (2.6)

Waist circumference 
(cm)

75.4 (7.9) 74.5 (7.9) 74.3 (7.4) 74.2 (7.4) 74.4 (7.5)

Hip circumference (cm) 87.2 (6.8) 87.0 (6.3) 87.8 (6.5) 88.1 (6.6) 87.0 (6.4)

Waist-to-hip ratio 0.87 (0.1) 0.87 (0.07) 0.85 (0.06) 0.85 (0.06) 0.85 (0.07)

Waist-to-height ratio 0.47 (0.05) 0.46 (0.05) 0.46 (0.05) 0.46 (0.05) 0.46 (0.05)

Subscapular skinfold 
(mm)

11.2 (6.1) 9.9 (4.8) 10.0 (5.6) 9.6 (3.6)

Triceps skinfold (mm) 11.0 (6.9) 9.2 (5.6) 9.3 (5.3) 8.8 (5.1) 10.8 (7.7)

Handgrip strength, 
mean (SD) 
 

Measured in (kg) 20.9 (7.7) 23.2 (7.5) 25.0 (8.4) 26.0 (8.6) 23.1 (7.8)

Continued
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stiffness) was 1.9 (−2.0 to 5.8) and −8.7 ms (−13.2 to 
–4.2) compared with the matched and post-famine 
controls, respectively.

AD in the first 1000 days of life in aortic augmen-
tation index was 11.3% (2.1% to 20.5%) and 12.2% 
(4.2% to 20.2%) compared with matched and post-
famine controls, respectively. AD in the mean arte-
rial pressure was −3.4 mm Hg (−6.4 to –0.5) and 0.8 
(–1.9 to 3.5) and for the pulse wave return time AD 
was 1.7 ms (−3.9 to 7.4) and −5.3 ms (–10.5 to –0.02) 
compared with matched and post-famine controls, 
respectively. Similar patterns of associations were 
observed when comparing arterial stiffness in those 
exposed during the first 5 years of age to their 

matched and post-famine controls. Detailed results 
for arterial stiffness are presented in table 2.

Discussion
Famine survivors show several markers of poorer adult 
health and NCD risk compared with both matched and 
post-famine controls: shorter stature, lower weight, lower 
handgrip strength, higher waist-to-height ratio, higher 
triceps and subscapular skinfolds and greater arterial 
stiffness (suggesting raised cardiovascular risk). When 
compared with age-matched controls, famine survi-
vors showed greater arterial stiffness but lower DBP. 
Conversely, when compared with post-famine controls, 
differences in arterial stiffness and DBP were concordant 

Anthropometric and clinical characteristics

Exposed
Matched 
control Born post-famine

N=528 N=280

All born 
post-famine
n=158

Born to famine 
exposed parent; 
n=104

Born to famine 
non-exposed 
parent; n=54

Blood pressure, 
mean (SD)

SBP (mm Hg) 113.6 (13.4) 116.9 (18.3) 111.7 (13.1) 112.7 (12.0) 109.6 (15.0)

DBP (mm Hg) 77.6 (9.2) 80.1 (10.9) 74.2 (9.6) 74.0 (9.0) 74.5 (10.8)

Hypertension, n (%) 69 (12.7) 50 (17.7) 9 (5.7) 5 (4.8) 4 (7.4)

Arterial stiffness, 
mean (SD)

Aix brachial—Brachial 
Augmentation Index (%)

−12.5 (32.8) −16.9 (28.2) −34.5 (23.7) −37.5 (22.6) −28.6 (24.9)

Aix aortic—Aortic 
Augmentation Index (%)

32.2 (31.0) 29.1 (14.6) 19.6 (11.2) 18.1 (10.7) 22.3 (11.5)

Ejection duration of the 
left ventricle (ms)

289.6 (39.7) 289.9 (32.1) 291.5 (26.7) 290.8 (29.5) 292.8 (20.4)

Pulse wave return time 
(ms)

123.1 (25.3) 118.6 (24.9) 136.4 (24.0) 138.2 (24.6) 133.1 (22.6)

Aortic pulse wave 
velocity (m/s)

10.9 (16.3) 11.3 (15.2) 8.2 (5.3) 8.4 (6.4) 7.9 (1.4)

PPao—Central pulse 
pressure (mm Hg)

48,4 (15.4) 47.7 (22.8) 45.6 (33.4) 47.4 (40.6) 42.1 (9.3)

SBPao—Central SBP 
(mm Hg)

120.5 (59.7) 124.7 (66.0) 120.0 (115.8) 123.8 (142.4) 112.7 (14.5)

Sys—Brachial systolic 
blood pressure (mm Hg)

121.6 (15.6) 124.5 (18.4) 120.1 (13.9) 120.5 (13.4) 119.2 (14.9)

Dia—Brachial diastolic 
blood pressure (mm Hg)

72.1 (10.7) 76.1 (14.0) 70.0 (9.8) 69.5 (9.1) 71.0 (11.1)

Mean arterial pressure 
(mm Hg)

88.5 (11.3) 92.1 (14.2) 85.9 (11.4) 86.5 (9.5) 84.7 (14.3)

Brachial pulse pressure 
(mm Hg)

49.9 (10.6) 49.1 (11.0) 50.6 (10.8) 51.3 (10.8) 49.3 (10.8)

Heart rate 72.8 (11.2) 73.4 (10.9) 73.6 (12.3) 72.9 (13.1) 74.9 (10.4)

NCD markers Mild to severe 
depression, n (%)

47 (8.9) 24 (8.6) 6 (4.4) 7 (6.7) 0 (0)

Mild to severe anxiety, 
n (%)

23 (4.6) 9 (3.1) 3 (1.9) 3 (2.9) 0(0)

Life time episodes of 
NCD, n (%)

47 (8.9) 28 (10.0) 5 (3.2) 2 (1.9) 3 (5.6)

BMI, body mass index; DBP, diastolic blood pressure; MUAC, mid-upper arm circumference; NCD, non-communicable disease; SBP, 
systolic blood pressure.

Table 1  Continued
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with higher values among famine survivors. No differ-
ences were found in sitting height, BMI, body fat, visceral 
fat, skeletal muscle mass or lifetime episodes of NCD. 
Associations were robust to adjustment for several factors 
known to increase NCD risk. In contrast to exposure 
in utero, risk was higher among those exposed during 
preschool and late childhood, likely due to prolonged 
exposure to famine or insufficient nutritional support.

The lower DBP observed among famine-exposed 
compared with matched controls and the higher DBP 
compared with the post-famine control is an unexpected 
and unique finding. This extends our previous Ethiopia 
study, which showed higher DBP in the 1980s famine 
survivors compared with born post-famine controls.30 31 
A similar pattern was found in an age-matched and sex-
matched cohort in the Democratic Republic of the Congo 
where survivors of childhood malnutrition had lower 
adult DBP.32 This observation could reflect the use of 

more robust control groups, given the limitations of 
using post-famine (thus younger) controls in many other 
studies. It might reflect a different prefamine phenotype 
risk (homeostatic capacity) in the exposed vs controls as 
well as small differences in diet and lifestyle which persist 
in the migrant community (ie, a lower metabolic load).22 
It might also reflect too short a follow-up period. The 
observed increase in arterial stiffness is an important 
subclinical finding which suggests future clinical risk as 
DBP rises. Comparing concordance between BP and arte-
rial stiffness in other settings may offer valuable insights.

We found that famine exposure was linked to higher 
waist-to-height ratio and subscapular skinfold thickness 
and triceps skinfold thickness, which may contribute to 
cardiometabolic disturbance, metabolic syndrome,33 34 
abdominal obesity, insulin resistance, hyperglycaemia, 
hypertriglyceridaemia and type 2 diabetes.35 36 Lower 
handgrip strength in our study aligns with previous 

Figure 2  Effects of famine exposure on anthropometry (a) and NCD risk (b) in all exposed, in the first 1000 days and in u5 
years exposed groups. BMI, body mass index; DBP, diastolic blood pressure; MUAC, mid-upper arm circumference; NCD, 
non-communicable disease; SBP, systolic blood pressure; u5, under 5.
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research on malnutrition survivors.37 It is a good marker 
of compromised muscle quality and a strong predictor of 
metabolic dysregulation and insulin resistance,38–41 poor 
general health outcomes, early all-cause and cardiovas-
cular mortality and disability,42 43 and increased risk of 
early cognitive decline and poor functional outcomes.44 45 
Age-related increases in arterial stiffness may further raise 
the risk of chronic NCDs such as cardiovascular disease, 
hypertension, coronary artery disease, stroke, heart 
failure, cognitive decline and increased mortality.46 47

Similar to our findings, studies on the Chinese famine 
indicated higher risk of NCD among those exposed 
before 18 years of age compared with post-famine 
controls.20 48 In contrast to our study (which found greater 
risk in those exposed during 2–10 years of age), the 
Dutch famine study linked increased risk of NCDs mainly 

with fetal exposure.14 49 50 Leningrad siege survivors who 
were exposed during their early life showed reduced 
height, weight and BMI and higher high-lipoprotein 
but showed no association with cardiovascular disease 
or target organ damage,51 and those exposed as adoles-
cents showed worse outcomes than those exposed during 
early life.52 Numerous intrinsic and extrinsic factors 
before and after famine exposure may contribute to the 
observed associations. According to the thrifty pheno-
type hypothesis,21 early-life undernutrition induces phys-
iological adjustments that promote short-term survival at 
a cost of increased NCD risk in subsequent resource-rich 
environments. The capacity-load model22 explains NCD 
as a mismatch between the capacity for homeostasis that 
develops in early life and the effects of adult lifestyle on 
the body. Early undernutrition may restrict metabolic 

Figure 3  Effects of famine exposure on anthropometry (a) and NCD risk (b) in six different chronological age exposure 
groups compared with their matched controls. BMI, body mass index; DBP, diastolic blood pressure; MUAC, mid-upper arm 
circumference; NCD, non-communicable disease; SBP, systolic blood pressure.
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capacity (physical growth and organ development) 
which, when combined with sedentary lifestyle and 
obesity (metabolic load), raises NCD risk. However, in 
agrarian societies with long-term food insecurity, limited 
access to animal-source high-fat diets and an active life-
style, NCD risk might be lower. The impact of famine 
may also depend on its severity, duration, timing and the 
adequacy of subsequent relief.

Thus, our findings align with both the capacity load 
model and thrifty phenotype hypothesis. NCD risk 
depends on both the severity of early life undernutri-
tion and later life factors that may worsen or mitigate 
this risk.21 22 This is vital for policy-makers to note. At 
present, metabolic load is relatively low in famine survi-
vors, reflected in only moderate differences in adiposity; 
however, Ethiopia’s ongoing nutritional and economic 
transition, marked by sedentary lifestyles and poor-
quality diets, may increase NCD risk. Effective preventive 
strategies include reducing intake of saturated fat, salt, 
sugar,53–55 alcohol and nicotine,56 57 promoting diets rich 
in fruits, grains, seeds and low-fat animal products,58 59 
and increasing physical activity.60 61

There are several plausible explanations for the finding 
that famine survivors showed no significant differences 
in BMI, body composition or lifetime episodes of NCDs 
compared with the control groups. First, the overall 
cohort may be too young to manifest clinically overt 
NCDs. Second, partial recovery or catch-up growth 
among famine survivors may have diluted the differ-
ences. Third, lifestyle convergence between exposed 
and control groups, such as similar physical activity 
and environmental exposure, could have diluted varia-
tion. Lastly, a healthy survivor bias may also explain the 
absence of group differences. Nonetheless, the higher 
waist-to-height ratios and skinfold thickness observed 
among famine survivors suggest greater central rather 
than overall adiposity, a pattern consistent with evolu-
tionary life history theory, which proposes that early 
undernutrition may favour an increased central fat depo-
sition to enhance the capacity to resist infections.62 63 The 
increased arterial stiffness observed in famine survivors 
further supports this interpretation, indicating possible 
subclinical or ‘hidden’ metabolic vulnerability despite 
comparable BMI, fat and skeletal mass. Therefore, reli-
ance on BMI, total body fat or skeletal mass alone may 
underestimate metabolic risk in famine survivors, under-
scoring the importance of assessing fat distribution and 
vascular health when evaluating the long-term conse-
quences of early-life famine.

Strengths of our work include the novel use of two 
control groups, each with advantages and disadvantages, 
most importantly highlighting the limitation of post-
famine controls which many other studies used. Post-
famine controls are younger and inherently at lower 
NCD risk, potentially leading to false positive inferences. 
Our measurement of arterial stiffness as a subclinical 
marker of cardiovascular disease is also novel. Finally, 
our finding that NCD risk was greatest among those O
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exposed in childhood has important implications for 
our understanding of the life-course aetiology of NCDs 
in low- and middle-income countries, and for policy 
makers. Although fetal life and infancy are considered 
key periods of sensitivity to environmental insults, the 
fetus and infant are partly buffered from direct exposure 
to malnutrition by maternal phenotype,64 whereas chil-
dren lack this protection. We call for future research to 
include such early markers to better capture long-term 
risk and improve understanding of mechanisms of how 
exactly early-life famine/malnutrition leads to long-term 
NCD.

Limitations of our study include: exposure status 
relies on verbal report preventing precise assessment 
of famine severity. Control selection was based on 
screening to exclude individuals with known exposure 
to famine, drought or severe childhood malnutrition, 
without considering household food insecurity, which 
may not have fully captured all forms of early-life nutri-
tional adversity. Although birth dates are self-reported 
and may be imprecise, such inaccuracies are likely to 
be comparable across exposed and control groups, 
and categorising age helps mitigate the resulting bias. 
We lack data on nutritional or rehabilitative support 
during survivor relocation. Relying on adult partici-
pants may introduce healthy survivor bias, as those most 
severely affected may not have survived. As a result, 
the cohort may include only the least affected individ-
uals, reducing the difference between groups. Long-
term health outcomes may require larger sample sizes 
to increase statistical power. Finally, we lack records 
of treatments provided which may have influenced 
long-term risk. Some evidence suggests that rapid post-
malnutrition weight gain following nutritional treat-
ment for malnutrition could exacerbate NCD risk.65 66

Implications: The findings have several direct implica-
tions for nutrition programming and NCD prevention 
in low- and middle-income settings. First, interventions 
should focus on ensuring food security and optimal treat-
ment of childhood malnutrition to prevent short-term 
morbidity and mortality as well as the long-term meta-
bolic consequences. Second, health systems in famine-
affected areas should integrate routine screening for 
subclinical NCD markers, such as central adiposity and 
arterial stiffness, alongside traditional anthropometry. 
Third, NCD prevention strategies such as the promotion 
of healthy diets rich in fruits, grains, seeds and low-fat 
animal products, reduction of saturated fats, sugars and 
salt, increased physical activity and limiting alcohol and 
nicotine exposure should be prioritised for everyone, 
and, most importantly, for vulnerable populations with 
early-life nutritional insults. Finally, long-term routine 
follow-up and monitoring are essential to identify 
emerging NCD risk as nutritional transitions occur and 
lifestyles become more sedentary. Generally, the findings 
of this study emphasise the need for a dual approach 
in low- and middle-income settings: tackling imme-
diate undernutrition while anticipating and mitigating 

long-term NCD risk in populations exposed to early-life 
severe malnutrition or famine. Overall, this study adds 
important insight at a time when famine and malnu-
trition risk is rising, and we hope it encourages future 
research into the biological mechanisms linking early-life 
malnutrition to later health and disease outcomes.

Conclusion and recommendation
Early life famine survivors achieved smaller size and 
increased risk of several, but not all NCD markers 
compared with controls. Those exposed in child-
hood had the greatest risks. Discordant BP and arte-
rial stiffness highlight the need to consider subclin-
ical markers of NCD risk and conduct longer-term 
follow-up studies to better understand mechanistic 
issues. The findings underscores the need for ensuring 
food security, and prevention and optimal treatment 
of severe childhood malnutrition. Moreover, it high-
lights the need for the health systems in drought- 
and famine-affected regions to address elevated NCD 
risk in this vulnerable group by promoting healthy 
diets, active lifestyles and proactive NCD prevention, 
screening and management.
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