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Impact of prenatal famine exposure
on adulthood fasting blood glucose
level

Kalkidan Hassen Abate'*’, Getachew Arage?, Habtamu Hassen?, Jemal Abafita* &
Tefera Belachew?

In the past decade, in low-income countries, there have been a rapid rise in prevalence of diabetes
among adult population. Hence, understanding the context specific drivers of this change including
the impacts of childhood nutrition adversaries on adult metabolic conditions is critical undertaking.
This study investigates the potential effects of prenatal famine exposure to the Ethiopian great
famine (1983-1985) on adulthood blood glucose level of survivors. A total of 441 adults (222 exposed
and 219 controls) were included in the study. Self-reported place of birth and, date of birth and/or

age were used to identify participants. A multivariable linear regression analysis was used to analyze
the impact of prenatal famine exposure on the level of fasting blood glucose. In linear regression,
unadjusted model (Model 1), fasting blood glucose level was increased by 4.13 (B =4.13; 95% Cl .41,
7.42) points in prenatal famine exposed groups, compared with non-exposed. Similarly, the positive
association of prenatal famine exposure and fasting blood glucose level was maintained after adjusted
for sex (Model 2) (B=. 4.08 95% Cl .056, 7.50). Further adjusted for age, residence, educational status,
wealth index and family size (Model 3) resulted in 4.10 (B =. 4.10 95% CI .45, 7.56) points increases in
fasting blood glucose level. In model 4 adjusting for dietary pattern, physical activity level and family
history of diabetes, alcohol and cigarette smoking resulted in 3.90 (8 =3.90, 95% CI 039, 7.52) points
increase in fasting glucose level. In the he full adjusted model (Model 5) prenatal exposure to famine
was resulted in 3.78 (B=3.78, 95% Cl .22, 7.34) increases in fasting blood glucose level after adjusted
for BMI and waist to height ratio. There existed a positive association of prenatal famine exposure
and adulthood blood glucose levels. In this population, establishing effective overweight/obesity
prevention programs to minimize the co-impact of early famine exposure on blood glucose control are
important.

Abbreviations

CI Confidence interval

BMI  Body mass index

COR  Crude odds ratio

AOR  Adjusted odds ratio

PCA  Principal component analysis

FFQ Food frequency questionnaire (FFQ)
SD Standard deviation

Suboptimal blood glucose control manifested as hyperglycemia, or diabetes is the major concern of the healthcare
system across the globe'. According to the world health organization, in 2019, an estimated 1.5 million global
deaths were directly caused by diabetes®. Sub-Saharan Africa (SSA) countries are expected to have the fastest
increase in the number of people living with diabetes in the next two decades®. In 2019, estimates of the Institute
for Health Metrics and Evaluation (IHME) indicated that 2.35% (1.97-2.64) of the total death in Ethiopia was
attributable to diabetes*.

The established risk factors for development of suboptimal blood glucose control in adults includes obesity,
physical inactivity, unhealthy diet, increased blood pressure and genetic susceptibility*. On the other hand, the
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developmental origins of health and disease (DOHaD) hypothesis suggested that risk factors for suboptimal
blood glucose control could have been linked to adaptive responses employed in early life following health and
nutrition adversaries®. Nutritional deprivation in critical periods of growth and development, particularly in
the first 1000 days, exert disproportionate influence on body organs to have short-term survival, but could have
long term health consequences”®.

Historical famines including “the Ethiopian great famine (1983-1985)” can be used as a natural experimental
study framework where ‘famine’ can be taken as proxy exposure for ‘nutritional deprivation’ to investigate the
short- and long-term metabolic consequences®!!. The Ethiopian great famine of 1983-85 was one of Africa’s
most severe famines that caused over half a million deaths!?. It affects the whole country, while the epicenter
was in the northern provinces of Tigray and Wollo". It was ranked as “Great” famine in most scales due to its
highest casualty as compared to other famines in Ethiopia or elsewhere'>'*.

Previous famine studies conducted in Asia, Europe, and Africa contributed a substantial body of evidence
on the association of prenatal exposure to famine and hyperglycemia and or development of diabetes mellitus in
adulthood'". However, these reports indicated inconsistent findings where the majority reported higher risk
of hyperglycemia and or diabetes with the exposure!®-*. Conversely, there existed studies which revealed null
findings'*'® and an inverse association of early childhood famine exposure and impaired glucose metabolism
during adulthood". Furthermore, studies also documented that the association between early-life exposure to
famine and the risk of hyperglycemia in adulthood appears to be moderated by covariates such as obesity, wealth,
sex, and post famine environment later in life!*2%22-24,

In the present study, we have investigated the association of parental prenatal exposure to the Ethiopian great
famine (1983-1985) with adulthood blood glucose levels in Wollo province, Ethiopia.

Methods

Participants and selection. This study is conducted in Raya Kobo district of Wollo province Northeast
part of Ethiopia, which was the epicenter of the 1983-1985 Ethiopian great famine'> The exposed and control
group has been described elsewhere in detail®'~**. Briefly, participants were recruited on the basis of self-reported
place of birth, birth date and/or age related to the famine period (Aug 1983 to Aug 1985)'2. Accordingly, the
study participants were categorized into two groups; prenatal exposed (age =34 to 36 years; birth date = August
8, 1983 to August 30, 1985) and non-exposed groups (age=30 to 32 years; birth date=September 8, 1987 to
October 8, 1988). Participants born immediately after end of the famine were excluded to account for transition
period between exposed and non-exposed group. Thus, participants born between 8, September 1986 to 30,
August 1987 were excluded from the study in order to minimize misclassification of famine exposure.

Multistage stratified random sampling technique was used to recruit our sample. First the baseline survey
was conducted on selected Kebeles to identify eligible participants and a sampling frame was prepared. Finally,
study participants were selected from each Kebeles using simple random sampling method from the prepared
sampling frame. The flow diagram of the sampling method was shown in Supplementary file (Fig. 1).

Two population proportion formula using Epi-Info, taking type one error 5%, 80% power, design effect of
1.5, 5% non-response rate and a 1:1 ratio of exposed group to non-exposed group (r=1) was used to calculate
the total sample size. Assuming the prevalence of diabetes mellitus in prenatal exposed group (22.6%) and non-
exposed group (9.8%) from a study conducted in China®, a total of 456 (228 exposed and 228 non-exposed)
participate were selected. A total of 441 (222 exposed and 219 non-exposed groups) participants who had a
complete data on all variables were included in the final analysis. Adults who were displaced to other regions of
the country and those who were born in other locations during the famine years, physically disabled subjects
with deformity (Kyphosis, Scoliosis, and limb deformity), participants diagnosed with diabetes, and pregnant
women were excluded from the study.

Measurements. The data were collected in accordance of the World Health Organization STEPwise
approach to non-communicable disease risk-factor surveillance guideline®®. Permission to conduct the study
was obtained from the Institutional Review Board of Jimma University, Institute of Health Sciences, Ethiopia
in accordance with guidelines of the Declaration of Helsinki (reference no. JHRPGD/660/2019). Participants
background characteristics such as sex, age, smoking, alcohol drinking, physical activity, wealth index, educa-
tional status and a food-frequency questionnaire (FFQ) were obtained with the use of interviewer administered
questionnaire. Details on the reproducibility and validity of the FFQ and our data collection procedures were
presented in our previous reports® -3,

Body mass index (BMI) was calculated as the weight in kilogram divided by height in meter squared (kg/m?).
Waist and hip circumference were measured in centimeters using constant tension tapes (Seca’, Germany). The
waist to height ratio (WHtR) was calculated as the waist circumference divided by height in centimeters. Fast-
ing plasma glucose concentrations was measured using the glucose oxidase method, and determined within 1 h
of collection. Standard operating procedures were followed to blood sample collection, anthropometric, blood
pressure measurements®.

Statistical methods. The data were double entered to Epidata 3.1 and exported to SPSS version 25 ([SPSS
Inc., Chicago, Illinois] for analysis. Categorical variables were described as percentages and compared using
Pearson chi-square test. Continuous variables were reported as mean and standard deviation (+ SD) and com-
pared using independent t-test. Household wealth index score was generated from the data using principal
component analysis and grouped into wealth tertile. Based on the participants’ fruits and vegetable consump-
tion, two major dietary patterns were identified as healthy and unhealthy dietary pattern using K-mean cluster
analysis.
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Linear regression analysis was employed to evaluate the association of prenatal famine exposure with level
of fasting blood glucose. The estimated beta-coefficients with their 95% CI were reported. Five sets of regres-
sion models were developed to account for the effect of each covariate on the outcome variable. Model 1 was
unadjusted, and included the outcome and main exposure variable (prenatal famine exposure variable). Model
2 was built on model 1 and further adjusted for sex. Model 3 was adjusted as model 2 and socio demographic
variables including age, residence, educational status, wealth index and family size. Model 4 was adjusted as for
model 3 and dietary pattern, physical activity level and family history of diabetes, alcohol and cigarette smok-
ing). Finally, Model 5 was adjusted as Model 4 and Waist to height ratio and BMI. A two-sided P value <0.05
was found to be statistically important.

Ethics approval and consent to participate. Permission to conduct the study was obtained from the
Institutional Review Board of Jimma University, Institute of Health Sciences, Ethiopia (reference no. JHR-
PGD/660/2019). Detailed description of the study was given to community leaders and households with the aim
of sensitizing and mobilizing the local population. Informed verbal and written consent were taken from each
participating household heads.

Results

Background characteristics of study participants. A total of 441 (222 exposed and 219 non-exposed)
participants were involved in this study with a response rate of 96.7%.The mean (+ SD) age of the prenatal famine
exposed and non-exposed participants was 35.14(+0.86) and 31.25 (+0.65) years respectively, with no signifi-
cance difference across wealth index (P=0.64), Educational status (P=0.30), dietary pattern (P=0.22), currently
smoking (P=0.20), current alcohol drinking (P=0.29) , BMI (P=0.57), Weight to height ratio (P=0.39) and
family history of DM (P=0.16) (Table 1).

Association of prenatal famine exposure and fasting blood glucose level in adults. In linear
regression, unadjusted model (Model 1), the fasting blood glucose level was increased by 4.13 (B=4.13; 95%
CI 0.41, 7.42) points in prenatal famine exposed groups, compared with non-exposed. Similarly, the positive
association of prenatal famine exposure and fasting blood glucose level was maintained after adjusted for sex
(Model 2) (B=. 4.08 95% CI 0.056, 7.50). Further adjusted for socio demographic variables including age, resi-
dence, educational status, wealth index and family size (Model 3) resulted in 4.10 (B=. 4.10 95% CI 0.45, 7.56)
points increases in fasting blood glucose level. In model 4 the positive association of prenatal famine exposure
and fasting blood glucose was maintained after adjusted for dietary pattern, physical activity level and family
history of diabetes, alcohol and cigarette smoking (B =3.90, 95% CI 039, 7.52). In the full adjusted (Model 5)
prenatal exposure to famine resulted in 3.78 ($=3.78, 95% CI 0.22, 7.34) increases in fasting blood glucose level
after adjusted for BMI and waist to height ratio (Table 2).

Discussion

The present historical cohort study investigated the impact of prenatal exposure to famine on adulthood fasting
plasma glucose level. The finding indicated that people who had been exposed to famine in prenatal period had
significantly higher glucose concentrations as compared to non-exposed groups. This finding is in line with
previously reported famine studies'*?%. However, it also contrasted the findings of other studies which reported
null to inverse association of early childhood famine exposure and adulthood blood glucose parameters'*5.
The possible reason for these inconsistent observations could be explained in terms of the heterogeneity of
study’s methodology, the exposure characteristics such as duration of famine, severity, age during the exposure
and the observation, and other covariates. For example, the Chinese Great Famine lasted much longer and had
greater severity for which the food supplies were not sufficiently recovered until 20 years later in the 1980s*. In
contrast, the Dutch famine was relatively for shorter period'’, while the Ethiopian famine was for two years!2.

Corroborating our finding, many epidemiological surveys and studies involving children with low birthweight
reported a link between early childhood nutrition deprivation and increased risk of diabetes'*-?. Similarly,
proxy to famine exposure, survivors of severe childhood malnutrition were also found to have reduced insulin
sensitivity, or glucose intolerance®”*°. Of particular interest, Boulé et al. (2003), reported that participants with
early life malnutrition would display a more pronounced deterioration of insulin sensitivity in association with
a gain in abdominal fat”. Interestingly, studies which employed animal models of starvation also suggest lower
expression of specific genes related to insulin signaling and nutrient sensing*, growth and development of pan-
creatic beta cell*? and skeletal muscle®®. Furthermore, genetic studies also reported the possible link of famine
associated epigenetic changes altering the expression of genes involved in metabolic pathway and pancreatic
beta cell functioning®**.

Our study finding possesses paramount importance as it reflects metabolic conditions of participants in
the early adulthood, in contrast to most famine studies which reported impact of childhood famine on older
adults’*?°. Furthermore, none of the studied covariates in the present study nullify or modified the positive
association between prenatal famine and fasting blood glucose level, affirming the independent association of the
exposure. This observed phenomenon may imply that, in early adulthood, the impact of most classic covariates
like family history diabetes, alcohol intake, cigarette smoking and sedentary behavior over blood glucose control
may not be as strong as prenatal famine. Nonetheless, in the present cohort, weight to height ratio was the only
predictor associated with raised fasting blood glucose level. This finding is decisive considering similar reports
indicating elevated risk of diabetes in the prenatal famine exposed cohorts categorized as overweight/obese!”**.

The implication of our study should be interpreted in the context of the prevalent under nutrition in low
income countries, which could have close or similar consequences. Nevertheless, there remained certain
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Variables Prenatal exposed (n=222) | Non-exposed (n=219) | P value
Age, (years), mean+SD 35.14+0.86 31.25+0.65 <0.001*
Sex, n (%)

Female 137 (62.6) 118 (53.2)

Male 82(37.4) 104 (46.8) 0.0%
Residence, n (%)

Urban 41(19.6) 43 (18.5)

Rural 181 (80.4) 176 (81.5) 0427
Educational status, n (%)

No Formal education 66 (29.7) 71 (32.4)

Formal education 156 (70.3) 156 (67.6) 030
Household wealth index, n (%)

Low 74 (33.3) 45 (20.5)

Medium 110 (49.5) 88 (40.2) 0.42
High 38(17.2) 86(39.3)

Marital status, n (%)

Single 33 (14.6) 59 (26.9)

Married 145 (64.0) 145 (63.5) 0.04*
Divorced/widowed 44 (19.4) 21 (9.6)

Physical activity level, n (%)

Low 4(1.8%) 8 (3.7%)

Moderate 39 (17.6%) 24 (10.9%) 0.28
High 179 (80.6%) 193 (85.4%)

Dietary pattern, n (%)

Healthy 70 (31.5%) 66 (30.1%) 041
Unhealthy 152 (68.5%) 153 (69.9%)

Currently smoking, n (%)

Yes 37 (16.7%) 35 (16.0%) 0.40
No 185 (83.3%) 184 (84.0%)

Currently drinking alcohol, n (%)

Yes 76 (34.2%) 85 (38.8%) o8
No 146 (65.8%) 134 (61.2%)

BMI (kg/m?) mean +SD 22.98 (3.7) 22.68(4.0) 0.57
Fasting blood sugar (mg/dl) 86.40+20.40 82.49+16.85 0.00%
Weight to height ratio mean + SD 50.9(6.8) 50.3(7.0) 0.39*
Family history of DM

Yes 3(1.4%) 7(3.6%) o1
No 219 (98.6%) 217 (96.4%)

Table 1. Background characteristics of Ethiopian great famine exposed and non-exposed groups in North
Wollo Zone, Raya Kobo district, Northeast Ethiopia, 2019. P value—represents Independent Samples t-tests for
continuous variables or -y 2-test for categorical variables, *Statistical significance.

Models B (95.0% CI) Covariates

Model 1 4.13 (0.41, 7.42%) Unadjusted

Model 2 4.08 (0.056,7.50%) | Model 1 adjusted Sex

Model 3 4.10 (0.45, 7.56*) Sex, age, residence, educational status, wealth index, family size

Model 4 3.90 (0.039, 7.52%) Sex, age, residence, educational status, wealth index, dietary pattern, physical activity level, family history of DM, current

alcohol drinking, current smocking

Model 5 (fully adjusted model)

Age, sex, residence, educational status, wealth index, dietary pattern, physical activity level, family history of DM BMI, Hait

3.78(022,7.39) to Height Tatio

Table 2. Association of prenatal famine exposure and fasting plasma glucose among adults, a linear regression
analysis, Wollo, Ethiopia. *Significant at P<0.01, **significant at P<0.05, fasting blood sugar, BMI; body mass
index, BP; blood pressure. All B-coeflicients (95% CI) were from multiple linear regression analysis, and related
to the non-exposed groups.
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limitation in our study, which could encumber the interpretation of the findings; first, it should be noted that
survivors are biologically unique, hence it could likely introduce selection bias. Second; severity of the famine
exposure at the individual level was not considered. Thirdly, early childhood experiences, parent-child bond
and maternal factors during early life was not accounted. Lastly, even though we counted age in regression, it
should be noted that the control groups were younger.

In conclusion, there existed a positive association of prenatal famine exposure and blood glucose level during
adulthood. In such population, the need for effective overweight/obesity prevention program to override the
negative effect of early famine exposure on blood glucose control is critical undertaking.

Data availability
The data supporting the conclusions of this article is included within the article (and its Additional file).

Received: 27 August 2021; Accepted: 21 March 2022
Published online: 13 April 2022

References

1. Bommer, C. et al. Global economic burden of diabetes in adults: Projections from 2015 to 2030. Diabetes Care 41(5), 963-970
(2018).

2. WHO. Diabetes, Key Facts. https://www.who.int/news-room/fact-sheets/detail/diabetes.

3. Pastakia, S. D. et al. Diabetes in sub-Saharan Africa-from policy to practice to progress: Targeting the existing gaps for future care
for diabetes. Diabetes Metab. Syndr. Obes. Targets Ther. 10, 247 (2017).

4. Roth, G. A. et al. Global burden of cardiovascular diseases and risk factors, 1990-2019: Update from the GBD 2019 study. J. Am.
Coll. Cardiol. 76(25), 29823021 (2020).

5. Stanaway, J. D. et al. Global, regional, and national comparative risk assessment of 84 behavioural, environmental and occupational,
and metabolic risks or clusters of risks for 195 countries and territories, 1990-2017: A systematic analysis for the Global Burden
of Disease Study 2017. Lancet 392(10159), 1923-1994 (2018).

6. Bateson, P. et al. Developmental plasticity and human health. Nature 430(6998), 419-421 (2004).

7. Barker, D.J. et al. Growth and chronic disease: Findings in the Helsinki Birth Cohort. Ann. Hum. Biol. 36(5), 445-458 (2009).

8. Xu, H. et al. Is natural experiment a cure? Re-examining the long-term health effects of China’s 1959-1961 famine. Soc. Sci. Med.
148, 110-122 (2016).

9. Meng X., & Qian N. The long term consequences of famine on survivors: Evidence from a unique natural experiment using Chinas
great famine. National Bureau of Economic Research (2009).

10. Roseboom, T., de Rooij, S. & Painter, R. The Dutch famine and its long-term consequences for adult health. Early Hum. Dev. 82(8),
485-491 (2006).

11. Kyle, U. G. & Pichard, C. The Dutch Famine of 1944-1945: A pathophysiological model of long-term consequences of wasting
disease. Curr. Opin. Clin. Nutr. Metab. Care 9(4), 388-394 (2006).

12. Rahmato, D. Famine and Survival Strategies: A Case Study from Northeast Ethiopia (Nordic Africa Institute, 1991).

13. Dercon, S. et al. Live aid revisited: Long-term impacts of the 1984 Ethiopian famine on children. J. Eur. Econ. Assoc. 12(4), 927-948
(2014).

14. Hult, M. et al. Hypertension, diabetes and overweight: Looming legacies of the Biafran famine. PLoS ONE 5, e13582. https://doi.
org/10.1371/journal.pone.0013582 (2010).

15. Vaiserman A. et al., Early-Life Exposure to the Ukraine Famine of 1933 and Type 2 Diabetes in Adulthood (Nova Science Publishers
Inc, 2013).

16. Finer, S. et al. Is famine exposure during developmental life in rural Bangladesh associated with a metabolic and epigenetic signature
in young adulthood? A historical cohort study. BMJ Open 6, €011768. https://doi.org/10.1136/bmjopen-2016-011768 (2016).

17. Zheng, X. et al. Exposure to the Chinese famine in early life and the thyroid function and nodules in adulthood. Endocr. Pract. 25,
598-604. https://doi.org/10.4158/EP-2019-0004 (2019).

18. Meng, R. et al. Prenatal famine exposure, adulthood obesity patterns and risk of type 2 diabetes. Int. J. Epidemiol. 47, 399-408.
https://doi.org/10.1093/ije/dyx228 (2018).

19. Khalangot, M. D. et al. Glucose tolerance testing and anthropometric comparisons among rural residents of Kyiv region: Investi-
gating the possible effect of childhood starvation. Nutr. Metab. Insights 10, 1-5 (2017).

20. Wang, N. et al. Is exposure to famine in childhood and economic development in adulthood associated with diabetes?. J. Clin.
Endocrinol. Metab. 100, 4514-4523. https://doi.org/10.1210/jc.2015-2750 (2015).

21. Wang, N. et al. Exposure to severe famine in the prenatal or postnatal period and the development of diabetes in adulthood: An
observational study. Diabetologia 60, 262-269. https://doi.org/10.1007/s00125-016-4148-4 (2017).

22. Zhou, J., Sheng, J. & Fan, Y. The effect of Chinese famine exposure in early life on dietary patterns and chronic diseases of adults.
Public Health Nutr. 22, 603-613 (2019).

23. van Abeelen, A. FE. M. et al. Famine exposure in the young and the risk of type 2 diabetes in adulthood. Diabetes 61, 2255-2260.
https://doi.org/10.2337/db11-1559 (2012).

24. Portrait, E, Teeuwiszen, E. & Deeg, D. Early life undernutrition and chronic diseases at older ages: The effects of the Dutch famine
on cardiovascular diseases and diabetes. Soc. Sci. Med. 73, 711-718. https://doi.org/10.1016/j.socscimed.2011.04.005 (2011).

25. Li, Y. et al. Exposure to the Chinese famine in early life and the risk of hyperglycemia and type 2 diabetes in adulthood. Diabetes
59, 2400-2406. https://doi.org/10.2337/db10-0385 (2010).

26. Wang, J. et al. Exposure to the Chinese famine in childhood increases type 2 diabetes risk in adults. J. Nutr. 146, 2289-2295. https://
doi.org/10.3945/jn.116.234575 (2016).

27. Sun, Y. et al. Association between famine exposure in early life and type 2 diabetes mellitus and hyperglycemia in adulthood:
Results from the China health and retirement longitudinal study (CHARLS). J. Diabetes 10, 724-733. https://doi.org/10.1111/
1753-0407.12653 (2018).

28. Zhang, Y. et al. Risk of hyperglycemia and diabetes after early-life famine exposure: A cross-sectional survey in northeastern China.
Int. J. Environ. Res. Public Health 15, 1125. https://doi.org/10.3390/ijerph15061125 (2018).

29. Thurner, S. et al. Quantification of excess risk for diabetes for those born in times of hunger, in an entire population of a nation,
across a century. Proc. Natl. Acad. Sci. 110(12), 4703-4707 (2013).

30. Ravelli, A. C. et al. Glucose tolerance in adults after prenatal exposure to famine. Lancet. 351(9097), 173-177 (1998).

31. Arage, G. et al. Effects of prenatal exposure to the 1983-1985 Ethiopian great famine on the metabolic syndrome in adults: A
historical cohort study. Br. J. Nutr. 124(10), 1052-1060 (2020).

32. Arage, G. et al. Impact of early life famine exposure on adulthood anthropometry among survivors of the 1983-1985 Ethiopian
great famine: A historical cohort study. BMC Public Health 21(1), 1-16 (2021).

Scientific Reports |

(2022) 12:6198 | https://doi.org/10.1038/s41598-022-10120-3 nature portfolio


https://www.who.int/news-room/fact-sheets/detail/diabetes.
https://doi.org/10.1371/journal.pone.0013582
https://doi.org/10.1371/journal.pone.0013582
https://doi.org/10.1136/bmjopen-2016-011768
https://doi.org/10.4158/EP-2019-0004
https://doi.org/10.1093/ije/dyx228
https://doi.org/10.1210/jc.2015-2750
https://doi.org/10.1007/s00125-016-4148-4
https://doi.org/10.2337/db11-1559
https://doi.org/10.1016/j.socscimed.2011.04.005
https://doi.org/10.2337/db10-0385
https://doi.org/10.3945/jn.116.234575
https://doi.org/10.3945/jn.116.234575
https://doi.org/10.1111/1753-0407.12653
https://doi.org/10.1111/1753-0407.12653
https://doi.org/10.3390/ijerph15061125

www.nature.com/scientificreports/

33. Arage, G. et al. Consequences of early life exposure to the 1983-1985 Ethiopian great famine on cognitive function in adults: A
historical cohort study. BMJ open. 10(9), 038977 (2020).

34. Abate, K. H. et al. Consequences of exposure to prenatal famine on estimated glomerular filtration rate and risk of chronic kidney
disease among survivors of the great Ethiopian famine (1983-85): A historical cohort study. Nutr. J. 20(1), 1-8 (2021).

35. Riley, L. et al. The World Health Organization STEPwise approach to noncommunicable disease risk-factor surveillance: Methods,
challenges, and opportunities. Am. J. Public Health 106(1), 74-78 (2016).

36. Riskin, C. Seven question about the Chinese famine of 1959-1961. China Econ. Rev. 9(2), 111-124. https://doi.org/10.1016/S1043-
951X(99)80009-1 (1998).

37. Boulé, N. G. et al. Insulin resistance and abdominal adiposity in young men with documented malnutrition during the first year
of life. Int. J. Obes. Relat. Metab. Disord. 27, 598-604. https://doi.org/10.1038/sj.ij0.0802288 (2003).

38. Francis-Emmanuel, P. M. et al. Glucose metabolism in adult survivors of severe acute malnutrition. J. Clin. Endocrinol. Metab. 99,
2233-2240. https://doi.org/10.1210/jc.2013-3511 (2014).

39. Chege, M. P. Risk factors for type 2 diabetes mellitus among patients attending a rural Kenyan Hospital. Afr. J. Prim. Health Care
Fam. Med. https://doi.org/10.4102/phcfm.v2i1.96 (2010).

40. Fekadu, S. et al. Insulin-requiring diabetes in Ethiopia: Associations with poverty, early undernutrition and anthropometric
disproportion. Eur. J. Clin. Nutr. 64, 1192-1198. https://doi.org/10.1038/ejcn.2010.143 (2010).

41. Orozco-Solis, R. et al. Nutritional programming in the rat is linked to long-lasting changes in nutrient sensing and energy homeo-
stasis in the hypothalamus. PLoS ONE 5(10), e13537. https://doi.org/10.1371/journal.pone.0013537 (2010).

42. Fowden, A. L. & Hill, D. J. Intra-uterine programming of the endocrine pancreas. Br. Med. Bull. 60, 123-142. https://doi.org/10.
1093/bmb/60.1.123 (2001).

43. Gluckman, P. D. et al. Effect of in utero and early-life conditions on adult health and disease. N. Engl. J. Med. 359(1), 61-73. https://
doi.org/10.1056/NEJMra0708473 (2008).

44. Tobi, E. W. et al. DNA methylation signatures link prenatal famine exposure to growth and metabolism. Nat. Commun. 5, 5592.
https://doi.org/10.1038/ncomms6592 (2014).

45. Heijmans, B. T. et al. Persistent epigenetic differences associated with prenatal exposure to famine in humans. Proc. Natl. Acad.
Sci. U.S.A. 105(44), 17046-17049. https://doi.org/10.1073/pnas.0806560105 (2008).

Acknowledgements
We would like to extend our deepest gratitude to Jimma University for financing this study. Our appreciation
also goes to the data collectors, supervisors and study Participants.

Author contributions

K.H.A. conceived the idea. All stated authors, G.A., J.A., H.-H. and T.B. are involved in the design, acquisition
of data, analysis and interpretation and drafting of the manuscript. All authors read and approved the final
manuscript.

Funding

The project cost related to data collection is funded by Jimma University.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-10120-3.

Correspondence and requests for materials should be addressed to K.H.A.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
BY

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:6198 | https://doi.org/10.1038/s41598-022-10120-3 nature portfolio


https://doi.org/10.1016/S1043-951X(99)80009-1
https://doi.org/10.1016/S1043-951X(99)80009-1
https://doi.org/10.1038/sj.ijo.0802288
https://doi.org/10.1210/jc.2013-3511
https://doi.org/10.4102/phcfm.v2i1.96
https://doi.org/10.1038/ejcn.2010.143
https://doi.org/10.1371/journal.pone.0013537
https://doi.org/10.1093/bmb/60.1.123
https://doi.org/10.1093/bmb/60.1.123
https://doi.org/10.1056/NEJMra0708473
https://doi.org/10.1056/NEJMra0708473
https://doi.org/10.1038/ncomms6592
https://doi.org/10.1073/pnas.0806560105
https://doi.org/10.1038/s41598-022-10120-3
https://doi.org/10.1038/s41598-022-10120-3
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Impact of prenatal famine exposure on adulthood fasting blood glucose level
	Methods
	Participants and selection. 
	Measurements. 
	Statistical methods. 
	Ethics approval and consent to participate. 

	Results
	Background characteristics of study participants. 
	Association of prenatal famine exposure and fasting blood glucose level in adults. 

	Discussion
	References
	Acknowledgements


