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Abstract 
 

The Great Ukrainian famine of 1933 was a major famine in pre-WWII Europe. 
However, its long-term health consequences have not been studied in detail before. To 
examine a possible relation between exposure to famine in early life and health in 
adulthood, we compared the prevalence of type 2 diabetes (T2D) in the Ukrainian 
diabetes register of residents born before, during, and after the famine of 1933. The first 
sample includes 28,358 T2D patients in 2000 who were born in the period 1930-1938 and 
living in four Ukraine regions that suffered significant demographic losses due to famine: 
Chernihiv, Vinnitsa, Kharkiv and Kherson. There was an approximately 1.5-fold increase 
in the odds for T2D comparing men and women born in the first half of the 1934 to 
individuals who were born in comparable pre-famine or post-famine cohorts. Individuals 
born in the first half of the 1934 would have been conceived during the peak of the 
famine (April-July 1933). There was no change in the odds of T2D for men and women 
born in the second half of 1934 relative to comparable pre-famine or post-famine cohorts.  
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The second sample includes 105,374 T2D patients in 2008 who were born between 
the 1920s and 1964 in Eastern and Western Ukraine regions with different famine 
histories. We first note a pronounced female preponderance among T2D patients overall, 
with a female/male odds ratio of 1:48 (95% CI: 1:46-1:50). The female-to-male 
predominance appears to be more pronounced among individuals residing in Eastern 
Ukraine regions (Chernihiv, Kherson and Crimea) who were exposed to the famine of 
1933 compared to those residing in Western Ukraine regions (Volyn and Rivne), 
unexposed to the famine. One possible explanation for such female predominance may be 
due to the fact that women are more likely than men to be influenced by adverse early-
life conditions. Future studies in different Ukrainian regions may provide additional 
information and clarify possible mechanisms linking early-life famine to later-life 
adverse health outcomes.  
 
 

Introduction 
 
It has been suggested from animal and human studies that adaptation to a spectrum of 

adverse environmental conditions during early development may lead to increased 
susceptibility to diseases later in life including cardiovascular disorders, cancer, 
neurodegenerative diseases, and type 2 diabetes (T2D) [1-3]. Inadequate intrauterine nutrition 
could be among the most important factors leading to the development of diseases later in 
life. According to the ‘thrifty phenotype’ hypothesis [3], undernutrition during in-utero 
development can result in long-term adaptive changes in glucose–insulin metabolism 
(including reduced capacity for insulin secretion and insulin resistance) that, due to an 
enhanced ability to store fat, improve survival under postnatal conditions of nutritional 
deprivation. However, as windows of plasticity close early in life, postnatal environmental 
exposures may result in the selected trajectory becoming inappropriate, resulting in adverse 
effects on adult health. If a mismatch exists between the anticipated environment in utero and 
the actual environment experienced in subsequent life (e.g., excess food consumption), 
diabetes and other features of the metabolic syndrome will result. A compromised metabolic 
intrauterine milieu could then effect fetal development by permanently modifying expression 
of key genes regulating beta-cell development, differentiation and function, and epigenetic 
regulation of gene expression is one mechanism by which genetic susceptibility and 
environmental insults can lead to T2D [4]. 

The ‘fetal origins of adult disease’ hypothesis formulated by David Barker and colleagues 
in Southampton in the 1990s is based on the observation that small size at birth is related to 
an increased risk of cardiovascular disease and its major biological risk factors including 
abnormal lipid metabolism, blood coagulation, hypertension, and insulin resistance in 
adulthood [1]. This hypothesis was a development of earlier work by Kermack, McKendrick 
and McKinlay in the 1930s [5] and Fohrsdahl in the 1970s [6].  

Subsequently, Barker's hypothesis has been challenged by some authors. For example, 
Huxley et al. [7] in their meta-analysis found no evidence to support the hypothesis that birth 
weight or maternal nutrition in pregnancy are associated with coronary heart disease risk 
factors in adult life. More recently, Huxley and Neil [8] stressed that, although there is 
abundant literature reporting on the associations between birth weight and disease risk 
factors, only a handful of studies have been able to examine the relationship between 
maternal nutrition in pregnancy with the health of offspring in adult life directly.  



Early-Life Exposure to the Ukraine Famine of 1933 and Type 2 Diabetes ... 147 

Barker’s data indicating correlations between birth weight and adult health outcomes are 
based on studies in normal populations that mostly focus on birth weight as a marker of fetal 
growth. Such correlations, however, can be very confounded and give biased results [9]. 
Thus, the study of associations between low birth weight and coronary heart disease risk 
factors in adult life cannot by itself provide strong evidence for fetal programming. 

The most interesting evidence linking in-utero and early life conditions with adult health 
and disease has been accumulated from natural experiments (naturally occurring circum-
stances in which subsets of the population have different levels of exposure to a supposed 
causal factor) which have lead to famine conditions. Several follow-up studies have been 
carried out for instance among individuals who were exposed to the famine in early life. One 
study of people born in or near Leningrad (now Saint Petersburg, Russia) before or during the 
siege of 1941-44 concluded that subjects exposed to malnutrition showed evidence of 
endothelial dysfunction and a stronger influence of obesity on blood pressure [10]. In another, 
fetal and infant undernutrition during the Nigerian civil war 1967–1970 (Biafra Famine) was 
found to be associated with significantly increased risk of hypertension and impaired glucose 
tolerance in 40-year-old Nigerians [11]. In a third, fetal exposure to the severe famine 
precipitated in China by the disastrous social agricultural reform known as the ‘Great Leap 

Forward’ (1959-1961) led to an increased risk of hyperglycemia and T2D in adulthood [12].  
A number of studies have shown that prenatal exposure to the Dutch famine of 1944–45 

that took place in the German-occupied part of the Netherlands is associated with various 
adverse metabolic phenotypes later in life including a higher body mass index and elevated 
plasma lipids, as well as increased risks of obesity [13]. Most of these associations were 
dependent on the timing of the exposure during gestation and lactation periods. Especially 
early gestation may be a vulnerable period for some changes [14, 15]. In the following, we 
will use the circumstances of the Ukraine famine of 1933 to study long term consequences for 
health.  

 
 

The Great Ukraine Famine of 1933:  

Historical Background 
 
The Great Ukraine famine (‘Holodomor’, see map in Figure 1) was caused by the Soviet 

Union government's forced collectivization of agriculture in the early 1930s. The information 
about the famine of 1933 was suppressed by the Soviet authorities until the political and 
economic reforms which ended the Soviet Union in the early 1990s (‘perestroika’). From 
1931 to 1954 no vital statistics were ever published. With the perestroika came free access to 
archives and a lot of never published documents and statistics, strictly hidden from the view 
of researchers as well as of the public have been progressively published. Although famine 
caused by collectivization has affected the majority of the grain-producing regions of the 
Soviet Union, especially strict policy was largely limited to Ukraine. From November 1932 
peasants from Ukraine were required to return “extra” grain they had previously earned for 

meeting their targets. State police and the Communist Party brigades were sent into these 
regions to root out any food they could find. In January 1933, Ukrainian borders were sealed 
by troops in order to prevent Ukrainian peasants from fleeing to other republics. By the end of 
February 1933, approximately 190,000 Ukrainian peasants had been caught trying to flee 
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Ukraine and were forced to return to their villages to starve [16]. From the 1932 harvest, 
Soviet authorities were able to procure only 4.3 million tons as compared with 7.2 million 
tons obtained from the 1931 harvest. Rations in the town were drastically cut back, and in the 
winter of 1932-33 and spring of 1933 many urban areas were starved [17]. The urban workers 
were supplied by a rationing system (and therefore could occasionally assist their starving 
relatives of the countryside), but rations were gradually cut and by the spring of 1933, the 
urban residents also faced starvation. Demographic archives showing population mortality 
reveal that maximal famine occurred on April-July 1933 [18], and after grain collection in 
1933, the famine began to decrease. 

The reasons for the famine are a subject of intense academic and political debate [16-18]. 
Some historians suggest that the famine was a consequence of economic problems associated 
with radical economic changes implemented during the period of Soviet industrialization. 
However, it has been suggested by other scholars that the Soviet authorities used the famine 
to prevent the spread of the Ukrainian nationalism and may fall under the legal definition of 
genocide [17]. 

 

 

Figure 1. The map of the Ukraine Famine of 1933 area. Retrieved and adapted from 
http://www.holodomor.org.uk/History/Holodomor_Gallery/Holodomor_Map.aspx. Five studied Ukraine 
regions, among them two Western-Ukraine regions (Volyn and Rivne) and three Eastern-Ukraine regions 
(Chernihiv, Kherson and Crimea) are marked by underline. 
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The exact number of deaths from the Great Famine of 1933 is hard to determine, because 
the Soviet government deliberately obscured its existence and refused to publish any 
statistics. American and European observers have made estimates of anywhere from 1 to 10 
million deaths in the year 1933, the peak of the famine [19]. The average of these estimates is 
5.5 million, and Dalrymple [19] concluded that this number is probably a reasonable estimate. 
In the early 1990's, the first estimates of the total demographic losses due to the famine were 
published. However, none of these estimates allow us to partition the total population losses 
into the parts which rely on birth deficits, migration flows and crisis over-mortality. In the 
early 2000's, Vallin and coauthors undertook reconstitution studies of the different factors 
responsible for the huge demographic fluctuations that have struck the Soviet Ukraine and, 
finally, they estimated the annual changes in Ukrainian mortality rates by sex and age during 
the years 1926 to 1965 [20]. 

The authors performed an analysis with sophisticated demographic tools with forward 
projection of expected growth from the 1926 census and backward projection from the 1939 
census and estimated the amount of direct deaths for 1933 as 2.7 million.  

On the basis of the monthly mortality rates recorded in Ukraine in 1932-1933 (all regions 
combined), it is evident that the main peak of the famine happened during April to July 1933, 
when the number of deaths was about 5-10 times higher than those before and after the 
famine (Figure 2).  

Based on the Statistical Yearbook 2006 of the State Statistics Committee of Ukraine [21]) 
it is possible to construct population age pyramids of the current population in the Ukraine. 
These show a marked underrepresentation for the birth cohorts in the famine years in the 
Eastern-Ukraine regions affected by famine but not in the Western regions. Both regions 
show marked effects of World War (Figure 3). 

 

 

Figure 2. Monthly mortality rates in Soviet (Eastern) Ukraine, 1932-1933. Redrawn from data in Kulchytsky 
[18]. 
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Figure 3. The population age pyramids (2006 Ukrainian Statistical Yearbook) in Western-Ukraine regions 
studied (Volyn and Rivne) (upper panel) and Eastern-Ukraine regions studied (Chernigiv, Kherson and 
Crimea) (lower panel). Male: black; female: gray. 1 – Demographic loss due to the famine of 1933. 2 - 
Demographic loss due to the World War II. 

 

Exposure to the Ukraine Famine in Early Life  

and the Risk of Type 2 Diabetes in Adulthood 
 

Use of National Ukrainian Diabetes Register  

 
To date, no study of the long-term health outcomes of early-life exposure to Ukraine 

famine of 1933 has been carried out. To examine whether a link exists between the exposure 
to famine in early life and health status in adulthood, we determined the risk of developing 
adult T2D in Ukraine residents born before, during, and after the famine of 1933 [22].  

Information on date of birth, sex and year of diagnosis was extracted from the nationwide 
population-based Ukrainian diabetes register (SYNADIAB, created in 2000, last updated in 
March 14, 2008) in the V.P. Komisarenko Institute of Endocrinology and Metabolism, Kiev, 
Ukraine. The reports of primary care doctors from the entire country were used as the primary 
data source in creating the register. To minimize bias due to misclassification of diabetes 
type, cases were restricted to persons diagnosed with T2D after age 39. 
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We carried out studies of T2D in adulthood in two study populations. The first includes 
men and women in four Ukraine regions that suffered significant demographic losses due to 
famine: Chernihiv (completeness: 100%), Vinnitsa (completeness: 54.8%), Kharkiv 
(completeness: 55.4%), and Kherson (completeness: 99.0%). The second includes men and 
women in regional diabetes registers in the Ukraine with a high completeness of ascertain-
ment but with different famine experiences. Three regions from the Eastern Ukraine are 
represented: Chernihiv (completeness: 100%), Kherson (completeness: 99.0%) and Crimea 
(completeness: 100%), and two from the Western Ukraine: Volyn (completeness: 100%) and 
Rivne (completeness: 88.6%). Famine exposure was determined by the political situation at 
the time. The Western Ukraine was under Polish rule until 1939, and later joined the Soviet 
Union following a pact with Germany to divide Poland. The Eastern Ukraine was under 
Soviet rule during the famine years.  

 
 

Study in Famine Exposed Regions  

 
The first study includes all 8,279 men and 20,079 women patients from the Ukraine 

diabetes register who were alive in 2000 and born in the period 1930-1938, and living in one 
of four Ukraine regions that suffered significant demographic losses due to famine: Chernihiv 
(5,962 patients), Vinnitsa (4,416 patients), Kharkiv (9,432 patients) and Kherson (8,548 
patients). All these regions are predominantly agricultural. The rate of population decline 
during 1929-33 was up to 15% in Chernihiv and Vinnitsa regions, 20-25% in Kherson region 
and more than 25% in Kharkiv region [23].  

Our reference population (‘population at risk’) is defined by the Ukraine census 2001 
depersonalized data. These include 683,202 individuals (men, n = 271,154; women, n = 
412,048) born in the same years who were residents of these regions in 2001. We assumed 
that most residents of the regions studied were born in the same areas because there were 
severe administrative restrictions on migration and relocation in the former Soviet Union, 
especially in rural areas. Detailed population characteristics are presented in Appendix 1.  

 
 

Study in Famine and Non-Famine Regions 

 
The second study included regions with different historical backgrounds. Kherson and 

Crimea were severely affected by the famine of 1933 (rate of population decline during 1929-
33 was 20-25%) [23], the Chernihiv region was a less severely affected area (rate of 
population decline was up to 15%), and the Western-Ukraine regions of Volyn and Rivne 
were not affected (see map in Figure 1). The study includes 105,374 T2D patients (34,415 
men and 70,959 women) from the Ukraine diabetes register who were alive in 2008. The 
number of T2D patients was 19,336 from Chernigiv, 20,330 from Kherson, 34,168 from 
Crimea, 13,118 from Volin and 16,912 from Rivne region. Our reference population 
(‘population at risk’) was extracted from the Statistical Yearbook 2006 of the State Statistics 

Committee of Ukraine [21]. Detailed population characteristics are presented in Appendix 2. 
 
 



 

Appendix 1. Numbers of cases of T2D in four Eastern Ukraine regions exposed to famine of 1933,  

by sex, region of residence  and birth cohort 

 

Birth cohort Chernigiv   Kharkiv   Kherson   Vinnitsa   

  
Men 

n/N (%) 

Women 

n/N (%) 

Men 

n/N (%) 

Women 

n/N (%) 

Men 

n/N (%) 

Women 

n/N (%) 

Men 

n/N (%) 

Women 

n/N (%) 

1930 
 

208/6158 
(3.4) 

454/10812 
(4.2) 

240/10051 
(4.3*) 

698/17850 
(7.0*) 

229/3908 
(5.9) 

678/6679 
(10.2) 

166/7437 
(4.0*) 

303/13670 
(4,0*) 

1931 
 

162/5353 
(3.0) 

355/8514 
(4.2) 

215/8632 
(4.5*) 

602/14933 
(7.1*) 

169/3350 
(5.0) 

545/5320 
(10.2) 

104/5960 
(3.1*) 

240/10360 
(4,2*) 

1932 
 

191/4727 
(4.0) 

354/7983 
(4.4) 

207/7424 
(5.0*) 

561/12015 
(8.4*) 

156/3265 
(4.8) 

541/5531 
(9.8) 

150/6119 
(4.5*) 

254/11175 
(4,2*) 

1933 
 

105/3609 
(2.9) 

280/5685 
(4.9) 

154/5455 
(5.0*) 

376/8443 
(8.0*) 

109/2526 
(4.3) 

437/4081 
(10.7) 

98/4489 
(4.0*) 

184/7152 
(4,7*) 

1934 
 

141/3673 
(3.8) 

297/5394 
(5.5) 

237/7879 
(5.5*) 

550/11594 
(8.4*) 

169/3389 
(5.0) 

593/4942 
(12.0) 

131/5403 
(4.4*) 

199/7880 
(4,5*) 

1935 
 

216/5845 
(3.7) 

434/8520 
(5.1) 

285/11910 
(4.3*) 

748/17133 
(7.9*) 

224/4243 
(5.3) 

723/6187 
(11.7) 

190/7411 
(4.7*) 

318/10784 
(5,3*) 

1936 
 

271/7177 
(3.8) 

532/10488 
(5.1) 

364/15676 
(4.1*) 

962/22696 
(7.5*) 

275/5332 
(5.2) 

829/7703 
(10.8) 

206/8963 
(4.2*) 

367/12764 
(5,3*) 

1937 
 

346/8559 
(4.0) 

640/12565 
(5.1) 

462/20321 
(4.1*) 

1239/28946 
(7.7*) 

423/7674 
(5.5) 

1131/10618 
(10.7) 

294/12353 
(4.4*) 

512/17088 
(5,5*) 

1938 
 

322/8474 
(3.8) 

654/12344 
(5.3) 

471/19672 
(4.3*) 

1061/27790 
(6.8*) 

324/7609 
(4.3) 

993/10403 
(9.5) 

265/11128 
(4.4*) 

435/16006 
(4,9*) 

n- T2D cases alive in 2000 (combining cases in Ukrainian diabetes register in 2008 with cases who died in 2000-2008); N – population at risk from Ukraine census 2001 
depersonalized data;% - prevalence rate. *Adjusted prevalence rates. Register coverage in Kharkiv region is 55.4% and in Vinnitsa region 54.8%. In other regions it is about 
100%. Adjusted prevalence rate calculated as observed prevalence multiplied by a factor 1.81 (100/55.4) in Kharkiv and 1.82 (100/54.8) in Vinnitsa. 
 



 

Appendix 2. Numbers of cases and prevalence rates of T2D in three famine-exposed Eastern Ukraine regions 

and two famine-unexposed Western Ukraine regions in five-year time intervals,  

by sex, region of residence and birth cohort 
 

Birth cohort Western Ukraine Eastern Ukraine 

 Volin Rivne Chernigiv Kherson Crimea 

 
Men 

n/N (%) 

Women 

n/N (%) 

Men 

n/N (%) 

Women 

n/N (%) 

Men 

n/N (%) 

Women 

n/N (%) 

Men 

n/N (%) 

Women 

n/N (%) 

Men 

n/N (%) 

Women 

n/N (%) 

≤1924 168/6307  
(2.7) 

348/19112  
(1.8) 

179/6151 
(3.3*) 

504/19750 
(2.9*) 

284/9934 
(2.9) 

776/38924 
(2.0) 

251/4884 
(5.1) 

877/18468 
(4.7) 

497/9841 
(5.1) 

1522/32896 
(4.6) 

1925-29 383/11154  
(3.4) 

784/24814 
(3.2) 

516/10462 
(5.5*) 

1045/22954 
(5.2*) 

626/17740 
(3.5) 

1382/40411 
(3.4) 

621/10138 
(6.1) 

1685/23198 
(7.3) 

1127/19592 
(5.8) 

3265/41976 
(7.8) 

1930-34 583/14263  
(4.1) 

1272/26951  
(4.7) 

865/14520 
(6.8*) 

1770/26199 
(7.7*) 

743/16900 
(4.4) 

1659/29921 
(5.5) 

732/11722 
(6.2) 

1926/20836 
(9.2) 

1416/22786 
(6.2) 

3596/39857 
(9.0) 

1935-39 754/15787  
(4.8) 

1495/26983  
(5.5) 

950/18297 
(5.9*) 

1945/29408 
(7.4*) 

1322/30636 
(4.3) 

2866/49781 
(5.8) 

1418/26752 
(5.3) 

3113/41038 
(7.6) 

2115/45243 
(4.7) 

5505/71511 
(7.7) 

1940-44 642/14999  
(4.3) 

1187/20632  
(5.8) 

843/16547 
(5.8*) 

1644/22929 
(8.1*) 

931/18833 
(4.9) 

1779/27361 
(6.5) 

897/18059 
(5.0) 

2124/25987 
(8.2) 

1320/30502 
(4.3) 

3212/44202 
(7.3) 

1945-49 815/23090  
(3.5) 

1176/27383  
(4.3) 

811/25441 
(3.6*) 

1395/30552 
(5.2*) 

1027/31410 
(3.3) 

1749/39452 
(4.4) 

862/29214 
(3.0) 

1806/36188 
(5.0) 

1335/51734 
(2.6) 

2929/68491 
(4.3) 

1950-54 696/28212  
(2.5) 

1008/31540  
(3.2) 

874/30683 
(3.2*) 

1286/34079 
(4.3*) 

861/38428 
(2.2) 

1351/43635 
(3.1) 

810/36375 
(2.2) 

1359/42960 
(3.2) 

1205/66099 
(1.8) 

2271/81329 
(2.8) 

1955-59 558/37642  
(1.5) 

666/39715  
(1.7) 

635/41715 
(1.7*) 

925/44028 
(2.4*) 

531/41755 
(1.3) 

789/46164 
(1.7) 

473/40812 
(1.2) 

779/46013 
(1.7) 

751/73654 
(1.0) 

1235/86913 
(1.4) 

1960-64 268/35536  
(0.8) 

315/36673  
(0.9) 

300/39788 
(0.9*) 

425/40712 
(1.1*) 

303/38395 
(0.8) 

357/40983 
(0.9) 

249/40428 
(0.6) 

348/43901 
(0.8) 

347/71260 
(0.5) 

520/80350 
(0.6) 

n - T2D cases alive in 2008 (from Ukrainian diabetes register); N – population at risk from the Statistical Yearbook 2006 of the State Statistics Committee of Ukraine. % - 
prevalence rate. *Adjusted prevalence rates. Register coverage in the Rivne region is 88.,6%. In other regions it is about 100%. Adjusted prevalence rate calculated as 
observed prevalence multiplied by a factor of 1.13 (100/88.6). 
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Results 
 

T2D by Season and Year of Birth 1930-1938 in Famine Regions 

 
Prevalence rates of registered T2D patients in the famine exposed region by date of birth 

clearly demonstrated the season-of-birth pattern for both sexes, with the lowest rates for those 
individuals born at the end of the year and the highest for those born in spring (Figure 4).  

We estimated the odds ratios (ORs) for T2D separately for the persons who were born in 
the first half of the year and for those who were born in the second half. ORs for T2D 
according to each year of birth and with 1938 as a reference year (OR = 1) are presented in 
Figure 5.  

From this figure, we can see that men and women who were born in the first half year of 
1934 are more likely to have been diagnosed with T2D in 2000, when they were 66 years old. 
The increase in risk is about 50%.  

These statistical differences are highly significant compared to the appropriate reference 
cohorts (p < 0,001). Of note, individuals born in the first half of the 1934 would have been 
conceived during the peak of the famine (April-July 1933). Such differences were not seen 
for any other birth year between 1930 and 1938. 

 
 

 

Figure 4. Prevalence of T2D (2008) in four Eastern Ukraine regions (Chernigiv, Kharkiv, Kherson, and 
Vinnitsa) exposed to famine in 1933, by month of birth.  
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Figure 5. Odds ratios (ORs) and 95% confidence intervals for the first half year-born patients with T2D 
(white columns) and second half year-born patients with T2D (grey columns) in four Eastern Ukraine regions 
(Chernigiv, Kharkiv, Kherson, and Vinnitsa) according to the year of birth and with patients with T2D born 
in the first and second half-years of 1938, respectively, as the reference group. Upper panel, Male subjects; 
Lower panel, Female subjects. T2D prevalence from Ukraine Diabetes Register (cases alive in 2000). 

 

T2D among Men and Women of All Ages Born in Famine  

and Non-Famine Regions 

 
In the five study regions, T2D prevalence rates for individuals born in the period 1920-

1964 and still alive in 2006 were consistently higher for women (3.9%) compared to men 
(2.7%), female/male OR = 1:48 (95% CI: 1:46-1.:50), P < 0,0001. Our second observation is 
that the T2D prevalence among women was increasingly more pronounced for individuals 
starting in the 1930-34 birth cohorts in one of the famine regions (Chernigiv, Kherson, or 
Crimea). This shift with the 1930-34 birth cohorts was not seen in the non-famine regions 
(Volin and Rivne). Among births 1924-1964, T2D prevalence rates were steadily increasing 
with age in both sexes until the 1940-44 birth cohort in the (unexposed) Western Ukraine 
regions and the 1930-34 birth cohort in (famine exposed) Eastern Ukraine regions. For 
individuals born in more recent years the rates were lower (Figure 6).  
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Figure 6. Prevalence rates of T2D (Ukraine Diabetes Register, 2008) in persons aged 40 years and older 
residing in Western-Ukraine regions (Volyn and Rivne) (upper panel) and Eastern-Ukraine regions 
(Chernigiv, Kherson and Crimea) (bottom panel), by gender and birth cohort. Retrieved from [38]. Each box-
and-whisker plot shows the prevalence percentage (the dot within the box), standard error (the upper and 
lower margins of the box), and 95% confidence interval (the whiskers outside the box). Black boxes, women; 
white boxes, men. 

Discussion 
 
Our main observation is that men and women who were born in the first half of the year 

1934 are more likely to have been diagnosed with T2D in 2000. These findings agree with 
other epidemiological studies worldwide, which have highlighted that a disturbed nutritional 
environment of the fetus may increase the susceptibility to T2D in later life [24-28]. The 
molecular and physiological mechanisms underlying the association between prenatal 
malnutrition and increased risk of adult T2D is still under investigation [24] but retrospective 
data from the Dutch Hunger Winter study have already demonstrated that those persons who 
were exposed to famine in 1944-45, in early gestation, also appeared to be at increased risk 
for T2D and obesity in adult life [13].  

Risk changes could be related to epigenetic mechanisms of the control of gene activity as 
these provide a way through which the mammalian epigenome can respond during 
gametogenesis and early embryogenesis to adverse early-life events [30-34]. Such epigenetic 
modifications can affect gene expression, resulting in risk of disease later in life [35-37]. In 
support of this hypothesis, early famine exposure was also related to epigenetic alterations, 
e.g., differential methylation at certain loci like IGF2, as demonstrated by Heijmans et al. 
[14].  
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Our second observation is that T2D prevalence rates for women tend to be higher than 
men in all age groups, and that the difference is most pronounced for individuals born in one 
of the famine regions in birth cohorts 1930-34 or afterwards. These patterns need further 
exploration. 

As the Western and Eastern Ukraine populations are similar ethnically, and have similar 
diet habits and lifestyles, we think that a comparison between Western and Eastern Ukraine 
cohorts born around the time of the 1933 famine is relevant to examine the role of severe 
adverse events in early life on adult health. 

Our data are consistent with data from different populations worldwide which show an 
increase in the prevalence of T2D with increasing age, with values reaching a plateau or even 
declining in very old age [39]. The decrease in T2D prevalence in the oldest age groups may 
be because persons with diabetes mellitus have a lower life expectancy than those without the 
disease. As we can see from Figure 6, T2D prevalence rates in women are higher than in men 
in all birth cohorts except for the earliest ones, when prevalence in men becomes higher. The 
female-to-male predominance is more pronounced for people with T2D residing in Eastern 
Ukraine regions [female/male OR = 1:55 (95% CI: 1:53-1:58)] compared to those residing in 
Western Ukraine regions [female/male OR = 1:32 (95% CI: 1:29-1:35)]. In Western Ukraine 
regions studied, a significant female preponderance is evident for persons born after 1934; in 
Eastern Ukraine regions, the female predominance is found in earlier-born cohorts, namely, 
for persons born after 1924 (Figure 6, Appendix 2).  

One possible explanation for the increased female predominance among the patients with 
T2D observed in famine birth cohorts in Ukraine is that women are more likely than men to 
be influenced by adverse early-life conditions.  

Possible male-female differences in T2D after prenatal exposure to the Dutch famine of 
1944-45 have not been examined in detail [13], perhaps because the available study 
populations are not large enough. But with regard to body size, a higher sensitivity of women 
with exposure to famine in early life compared to men was found in two studies of this 
famine. The first study by Ravelli et al. [40] showed a higher BMI and waist circumference in 
50-y-old women but not in men. The authors concluded that these findings suggest that 
pertubations of central endocrine regulatory systems established in early gestation may 
contribute to the development of abdominal obesity in later life. The second by Stein et al. 
[41] showed stronger associations of a wide range of indexes of body mass distribution in 
middle-age women than in men. In women exposed in 1959-1962 to the Great Chinese 
Famine in utero or during early childhood, weight and BMI were significantly greater 
compared to those born after the famine, whereas early-life exposure to famine had no effect 
on adult men's weight [42]. Results from Leningrad also suggest that T2D without obesity 
develops earlier and more often in women than in men exposed to the Siege of Leningrad in 
1941-44 during childhood [43]. These epidemiologic findings are confirmed by animal 
experiments. Some animal studies [44, 45] have shown the gender difference in the effect of 
intrauterine malnutrition. For instance, female adult rats exposed to intrauterine under-
nutrition had increased adiposity, marked impairment of hypothalamic insulin signaling, and 
loss of insulin-induced hypophagia. Such disturbances were less severe or even absent in 
male progeny [45]. These results led the authors to conclude that female progeny are more 
susceptible than their male siblings to the effects of maternal malnutrition.  
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Conclusion 
 
We have used the historic famine of 1932-33 in the Ukraine to explore some long term 

health consequences of dramatic changes in nutrition early in life. Due to Ukraine’s historic 

legacy, there are likely to be more opportunites to study possible mechanisms linking the 
early-life environment and later-life adverse health outcomes in this setting. We hope that it 
will be possible to carry out such studies in the near future while the study populations with 
early famine exposure can still be contacted.  
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