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Abstract 
 

We are interested in the long-term health consequences associated with severe 
starvation and war trauma, and whether certain “age windows” exist when exposure to 
such events are particularly harmful.The siege of Leningrad (now St. Petersburg) during 
World War II provided an opportunity to study this. For 872 days, German troops 
prevented supplies from reaching Leningrad. Simultaneously, there was a food blockade 
and a steady and merciless bombardment by shells from guns and from the air. The first 
winter, 1941/42, represents the most severe food shortage, amounting to mass starvation 
or semi-starvation. 

Our late colleague, Professor Dimitri Shestov, had suffered the consequences of the 
Leningrad siege as a boy and believed that it had taken a toll on people beyond its 
immediate short- and medium-range consequences. He was particularly concerned about 
its long-term consequences for circulatory disease. A 1973 US-Soviet agreement, the so-
called Lipid Research Clinics Collaboration, gave him an opportunity to study this. From 
1975 to 1982 men and women living in Leningrad (now St. Petersburg) were randomly 
sampled and invited to examine their health and cardiovascular functioning. Dimitri 
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Shestov added a simple question to this examination: “Were you in Leningrad during the 

blockade?” A third of the participants were. They had experienced peak starvation (in 
January 1942) at ages 1-31 (women) or 6-26 (men).The mortality follow-up began 
immediately after the first clinical examinations in 1975 and continued for three decades, 
until the end of 2005. 

Our analyses show that the siege of Leningrad, particularly when experienced in 
puberty, has had long-term effects on blood pressure both in men and women.We also 
found a raised IHD and stroke risk among those men. This was partly mediated via blood 
pressure but not by any other measured biological, behavioral, or social factors.Girls 
experiencing the siege around puberty suffered an elevated risk of dying from breast 
cancer later in life.The fact that the effect of siege exposure is modified by the age at 
exposure is highly interesting from a scientific point of view. It may suggest that a 
reprogramming of physiological systems can occur at specific age windows in response 
to starvation and/or war trauma. 

The team that worked from 1975-2005 to collect clinical information and death 
certificates for participants in the study included Svetlana Plavinskaya, born in Leningrad 
during the siege. Dimitri Shestov and Svetlana Plavinskaya died in 2010 and 2011, 
respectively. We dedicate this chapter to their memory. 
 
 

1. Background 
 
Hunger, famine and food crises have been common throughout Russian history. People in 

Russia have suffered their short- and long-term consequences, often with great stoicism and 
patience. Ancel Keys and colleagues, in their monumental “Biology of Human Starvation” [1] 

from 1950 note that in Russia during the period 1830-1929, there were twenty years which 
saw large parts of the population experience severe hunger or famine.It is therefore not 
surprising that Russia also has a tradition of scientificallystudyinghunger and famines. The 
“Volga Famine” of 1921-22 killed around 10 million people.This famine made a sharp 
impression on Pitirim Sorokin, then professor of sociology in St. Petersburg, who visited the 
famine area. He wrote in his diary that “my nervous system …broke down completely before 

the spectacle of starvation of millions in my ravaged country.” In a letter to Ivan Pavlov he 
explained that “the old sociology has lost all meaning” [2].Sorokin’s response was eventually 
to become his major treatise on hunger and starvation called “Hunger as a Factor in Human 

Affairs”, published in Riga 1922, and immediately banned by Soviet authorities. It was 
translated into English and published in 1975 after Piterim’s death, by his wife, Elena, who 

had managed to save the proofs from confiscation [3]. 
Sorokin was inspired by the work of Ivan Pavlov, who took akeen interest in hunger and 

its consequences.Pavlov’s work is well-known everywhere. It was carried out at the Institute 
of Experimental Medicine in St. Petersburg, part of which became the Pavlov Institute after 
Pavlov’s death in 1936. The main body of the Institute of Experimental Medicine continued 

to work, for instance, on biochemistry and atherosclerosis. It is solely due to the decisions and 
efforts made by this Institute in the 1970s, in particular by Professor Dimitri Shestov, that it is 
possible for us to write about today the long-term health consequences associated with the 
siege of Leningrad. 

In 1973, as a result of “détente”, American and Russian scientists were encouraged to 

work together, and one of their collaborative research programs became known as The Lipid 
Research Clinics Collaboration.The Institute of Experimental Medicine in Leningrad became 



Long Term Consequences following the Siege of Leningrad 209 

one of the Russian partners in this collaboration.Dimitri Shestov was one of those responsible 
on the Russian side [4]. As the protocol of the collaborative study was developed,he insisted 
on adding, in addition to all the other risk factors collected, a question about whether 
Leningrad participants in the study had themselves experienced the 1941-44 siege of the 
city.It turned out in the end that more than a third of the participants had done so, and had 
thus been exposed to long-term starvation or semi-starvation and to exceptional war trauma. 

The addition of the simple question: “Were you in Leningrad during the blockade” was 

controversial at the time.Dimitri Shestov had himself, as a boy, suffered the consequences of 
the siege and believed that ithad taken a toll on people beyond its immediate short- and 
medium-range consequences. He was concerned about its long-term consequences, in 
particular for circulatory disease. The mortality follow-up of all the participants in the Lipid 
Research Clinics Collaboration began immediately after the first clinical examinations in 
1975. In St. Petersburg, it continued for three decades. As the Soviet Union collapsed, the US 
interest in the collaboration diminished. The dedication of Dimitri Shestov and his team made 
it possible, from 1998, to forge a new international collaboration, this time with Swedish 
colleagues at Södertörn University, Stockholm University and the KarolinskaInstitutet. The 
Swedish Council for Social Research, the Foundation for Baltic and East European Studies 
and the MacArthur Foundation all contributed to the financing of the mortality follow-up or 
supported work in other ways. The follow-up of mortality could thus continue until the end of 
2005, resulting in a data base which we here refer to as “The St. Petersburg Cohort”. 

The team that worked from 1975-2005 to collect death certificates and clinical 
information about deceased persons included Svetlana Plavinskaya, born in Leningrad during 
the siege. Dimitri Shestov and Svetlana Plavinskaya died in 2010 and 2011, respectively. We 
dedicate this chapter to their memory. 

 

 
Blockade of Leningrad in 1941. 
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Table 1. Official food rations introduced on November 20
th

 1941, 

marking the lowest point of food availability 

 
Factory Workers and Engineers - Technical Workers 
Bread 250 grams 
Fats 20 grams 
Meat 50 grams 
Cereals 50 grams 
Sugar and Confectionery 50 grains 
Total 420 grams (1,087 calories) 
   
Office Workers 
Bread 125 grams 
Fats 8.3 grams 
Meat 26.6 grams 
Sugar and Confectionery 33.3 grams 
Cereals 33.3 grams 
Total 226.5 grams (581 calories) 
   
Dependents 
Bread 125 grams 
Fats 6.6 grams 
Meat 13.2 grams 
Sugar and Confectionery 26.6 grams 
Cereals 20.0 grams 
Total 191.4 grams (466 calories) 
   
Children under 12   
Bread 125 grams 
Fats 16.6 grams 
Meat 13.2 grams 
Sugar and Confectionery 40.0 grams 
Cereals 40.0 grams 
Total 234.8 grams (684 calories) 

Source: Pavlov ( 1965). 
 
 

2. The Siege 
 
The population of Leningrad suffered from severe starvation, cold, and psychological and 

physical traumas during the siege. The purpose of the siege was not only to conquer the city 
of Leningrad, but also to annihilate or decimate the population, according to documents 
published after the war [5].In a military directive of September19, 1941, German Naval 
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Command wrote: “In this war for existence, we have no interest in keeping even part of this 

great city’s population…” (quoted from [6]). Thus, simultaneously,there was a food blockade 
and a steady and merciless bombardment by shells from guns and from the air [7]. 

The siege lasted 872 days, from September8, 1941 to January 27, 1944, during which 
time German troops prevented supplies from reaching Leningrad. The first winter, 1941/42, 
represents the period of the most severe food shortage, amounting to mass starvation or semi-
starvation [1].After the first winter, the food shortage was eased somewhat by smuggling 
across Lake Ladoga, but severe malnutrition remained [8, 9] (see map). 

Of a population of 2.7 million (including 0.5 million children), an estimated 630,000 died 
from hunger-related causes, most during the winter of 1941-2.In January–February 1942, 
large numbers of people died every day, most of them fromhunger. People often died on the 
streets, and citizens soon became accustomed to the sight of death [8]. The figure for the total 
number of deaths, including those from hunger and war trauma, is disputed. 

Harrison Salisbury, for instance, estimate around 1.2 million deaths [10], but a more 
recent estimate is around 0.7-0.8 million deaths [9]. 

From November20, 1941 bread rations in Leningrad were at their lowest: 250 g daily for 
manual workers and 125 g for other civilians. Table 1 gives rations introduced at this point in 
time.Children below the age of 12 were given a bread ration of 125 g. Children over 12 years, 
classified as dependents, received even less food. Pavlov writes that “Life was especially hard 
for children who had just turned twelve. At twelve a ‘dependent’s’ ration card replaced a 

child’s, which had been good until then”[8].The ration for a dependent was only 200 g of fat, 
800 g of sugar, and 600 g of carbohydrate per month. If rations were received in full, which 
was not always the case, this amounted to about 460 calories a day. Stanner et al. [11] 
estimated the average daily ration to be around 300 calories, containing virtually no protein. 
This is extremely low, even compared with rations during the Dutch hunger winter [12]. On 
January 24th, 1942, bread rations were increased to 250 g for children and dependents, and 
two more increases took placein February [7] (Table 2). 

 
Table 2. Official bread rations in gram, by day of introduction 

 
 Factory Workers Office workers Dependants Children under 12 
July 18, 1941 800 600 400 400 
September 2, 1941 600 400 300 300 
September 11, 1941 500 300 250 300 
October 1,1941 400 200 200 200 
November 13, 1941 300 150 150 150 
November 20, 1941 250 125 125 125 
December 25, 1941 350 200 200 200 
January 24, 1942 400 300 250 250 
February 11, 1942 500 400 300 300 
February 22,1942 600 500 400 400 

Source: Derived from Pavlov (1965) and Jones (2008). 
 
Studies of the Dutch hunger winter (1944-5) showed that the average birth weight for 

babies conceived or born during that winter fell around 300 g[12]. The siege of Leningrad 
was associated with an average fall in birth weight of 500-600 g for term babies born in 1942. 
Half of those born in the first half of 1942 weighed less than 2,500 g. Fertility fell also, by 
90% according to Antonov[13]. 



Denny Vågerö, Ilona Koupil, Nina Parfenova, Pär Sparen 212 

An early study of the siege concluded that the immediate effect of starvation was a 
lowering of blood pressure. In people who have to do hard physical work, blood pressure may 
rise as a consequence of refeeding after starvation [14, 15]. Limited food supplies reached 
Leningrad from the spring of 1942 across Lake Ladoga. Keys et al.[1] refer to the subsequent 
“refeeding after starvation” in 1943. A sample of 10,000 healthy people in Leningrad 

examined in April 1943 showed that the distribution of blood pressure had shifted radically 
upwards compared with that in 1940. The prevalence of hypertension had increased four-fold 
among those under age 39 and two-fold among those aged ≥ 40 years. This “Leningrad 

blockade hypertension epidemic” has been noted both in early [16] and recent [17] reports. 
Most recently, Khoroshinina [18] reported a more frequent incidence of severe arterial 
hypertension, type 2 diabetes, and atherosclerosis in adults who survived the Leningrad siege 
as children. The hypertension epidemic is visible in the St. Petersburg Cohortmore than three 
decades after the blockade, as we shall see below. 

 
 

3. St Petersburg Cohort Study 
 
The study was initially based on an agreement between the US and Soviet governments. 

As part of the 1973 US-Soviet collaborative program, both countries collected data under the 
same research protocol, the lipid research clinics program [4, 19]. In Leningrad (now St. 
Petersburg), a random sample of persons in the socially-mixed Petrogradsky district were 
invited to health examinations. Thus, in 1975-77, men and,in 1980-82, women living in 
Leningrad were invited to participate. All participation in health examinations and interviews 
was voluntary, and participants were told about the purpose of the project. Participants 
responded to interview questions, were examined for cardiovascular risk factors and were 
then followed until the end of 2005. The mortality follow-up was given ethical approval by 
the Institute of Experimental Medicine at the Russian Academy of Medical Sciences. The 
personal integrity of all participating individuals has been protected by the research team 
throughout. 

Information about whether men and women lived in Leningrad during the siege was 
available for more than 99% of men and 91% of women.Over a third had done so, which 
normally meant that they spent the whole siege period there as most people were unable to 
leave. As a result, we have been able to prospectively follow 3,900 men, born in 1916-35, and 
1,429 women, born 1910-1940, who experienced the siege of Leningrad, as reported in this 
chapter.At the peak of the starvation, in January 1942, men would have been between 6 and 
25 (completed) years of age, and women would have been between 1 and 31 years old. 

One important question to us was whether certain “age windows” exist when exposure is 
particularly hazardous.We were particularly interested in exposures around puberty. As we 
shall see below, our study suggests that the period around puberty may provide an age 
window when starvation exposure has a powerful influence on future blood pressure and 
health. 

In contrast to the study of Stanner et al. [11], we were unable to look at intrauterine 
exposure to starvation, at that time seen as the most likely age of concern for future health 
chances. Stanner et al., in their cross sectional study, studied 169 siege survivors, exposed to 
the siege inutero; 192 exposed in infancy and 188 unexposed, age-matched controls born 
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outside the siege area.Comparing those exposed in utero and those exposed in infancy, they 
found no differences in glucose or lipid metabolisms, hypertension or circulatory disease. 
Their sample size was small, giving low statistical power. They did find, however, that 
diastolic blood pressure was somewhat elevated (>3mmHg) in the two exposed groups 
compared to the unexposed group. 

The participants in the St. Petersburg Cohort Study, which we have been able to 
follow,are distinctly different from the population of siege survivors that Stanner et al. 
reported on [11], all of whom were exposed before age 1. The long-term consequences 
associated with the health of Leningraders being exposed to the siege during their childhood 
or adolescence have been examined in our three papers based on the St. Petersburg Cohort 
[20, 21, 22]. 

The St. Petersburg Cohort, as a whole,had a somewhat lower mortality 1975-2005 
compared to national mortality rates [23] in the Russian population (standardized mortality 
ratio 0.86, 95% CI 0.83 to 0.90).One probable contributing factor to this is that those 
volunteering for health examinations in 1975-1982 were of a healthier group than average 
individuals. It is also known that the St. Petersburg population, in general, has a higher life 
expectancy than Russia at large. 

 
 

4. Data and Variables 
 
The participants in the study were interviewed and examined for cardiovascular risk 

factors in 1975-1977 (men) and 1980-1982 (women). Below, we describe the biological, 
behavioral and social risk indicators that were used in the analyses summarized in this chapter 
and/or the three published papers [20, 21, 22]. 

 
 

Biological Risk Factors 

 
Biological, in particular cardiovascular, risk factors were measured at the health 

examination, namely, adult height, adult body mass index, skinfold thickness measured at the 
arm, the ratio of low-to-high density lipoprotein cholesterol, and diastolic and systolic blood 
pressures. ARose questionnaire interview about cardiovascular function was taken. 

Body height was measured in cm and dichotomized at the mean minus one SD in some 
analyses. BMI was calculated from height (kg) and weight (cm) and classified into normal 
weight (< 25), overweight (25 - 30) and obesity (>30); or grouped into quartiles. Skinfold 
thickness was dichotomized at the mean plus one SD. Low-density and high-density 
lipoprotein cholesterol concentrations were estimated.Their ratio wasalso dichotomized at the 
mean plus one SD. 

Systolic and diastolic blood pressures were measured using a random zero 
sphygmomanometer. Blood pressure was analysed in two categories: systolic blood pressure 
<160 mm Hg and ≥ 160 mm Hg; diastolic blood pressure <95 mm Hg and ≥ 95 mm Hg. 

Subjects who were on medication for high blood pressure at the time of the measurement 
were included in the respective higher blood pressure category. Information about whether 
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the subjects were being treated for hypertension at the time of the examination was available 
for men only. The information on treatment for hypertension was unavailable for women. 

Information about exact age, blood pressure, and height and weight at the examination 
was almost complete for all subjects. 

 
 

Behavioral and Social Variables 

 
Cigarette smoking, alcohol consumption and social characteristics, such as education, 

ethnic group/nationality, occupation and marital status, were determined by interview 
questions.Smoking habits were classified as a past, current or never smoker. Frequency of 
alcohol consumption was estimated, together with the average amount of alcohol consumedin 
a week. Frequency of drinking in the week before the interview was classified into four 
categories (never, every day, 3-4 times a week, 1-2 times a week or less often). 

Education was classified into university degree, incomplete university, up to 10 years of 
schooling, up to 7 years, less than 7 years, and no schooling, sometimes collapsed into three 
categories as university, secondary and lower than secondary education.Ethnic 
group/nationality was classified as Russian or non-Russian (mainly Jewish, Belorussian and 
Ukrainian); occupation as white collar or blue collar/other; and marital status as married, not 
married, divorced or widowed. 

Due to a mistake during the initial interviews, certain social and behavioral data, notably 
those on smoking and drinking habits, are missing for 672 men. These were all examined 
within the same eight-week period. A sensitivity analysis showed that risk estimates were 
virtually identical between the full and the restricted samples. 

 
 

Mortality Follow-up 

 
We followed mortality from the time of the interview. The first part of the St. Petersburg 

Cohort Study followed mortality from 1975 to December 31, 1999 [20]. Later, we were able 
to extend the mortality follow-up. Thus, men born between 1916 and 1935, and women born 
between 1910 and 1940, of whom more than a third experienced the siege as children, 
adolescents or young adults, were followed until 2005 [21, 22]. In this chapter we present 
analyses on an updated data set, following mortality until the end of 2005. The vital status of 
the cohort members was ascertained through contacts with the participants themselves and 
their relatives or neighbors. Address bureaux (population registry units) were used for those 
who had moved. 

For those who died during the follow-up, a copy of the official death certificate was 
obtained to register the date of death and the underlying cause of death,usually only after 
contact with the hospital where the person had been registered. A team of Russian physicians 
carefully coded underlying causes-of-death according to ICD-8 or its equivalent codes 
(international classification of diseases, eight revision).The lipid research clinics study 
focused especially on circulatory disease. The quality of cause-of-death information is 
somewhat lower at the end of the follow-up period, when the tracing of people and 
collectingof death certificates and additional information became more difficult due to major 
changes in legislation as well as in routines at Russian hospitals. 



 

Table 3. Blood pressure levels and hypertension among men (n=3899) and women (n=1428) by age at peak starvation 

 
 Men Women 

Age at peak 
starvation* 

Difference in SBP 
(95 CI) 

Difference in 
DBP (95 CI) 

SBP>160 
mmHg OR (95 
CI) 

DBP>95 mmHg 
OR (95 CI) 

Difference in SBP 
(95 CI) 

Difference in 
DBP (95 CI) 

SBP>160 
mmHg OR (95 
CI) 

DBP>95 
mmHg OR (95 
CI) 

1-5** - - - -  0.13 (-6.8; 7.1) -1.28 (-4.6; 2.0) 1.54 (0.7; 3.4) 0.83 (0.4; 1.7) 

6-8 -2.26 (-5.5; 0.9) -0.60 (-2.4;1.2) 0.69 (0.4; 1.2) 0.99 (0.7; 1.4)  4.54 (-3.9; 12.9)  0.61 (-3.4;4.6) 1.22 (0.6; 2.7) 0.94 (0.5; 1.9) 

9-11 1.83 (-1.1;4.8) 0.99 (-0.6; 2.6) 1.38 (0.9; 2.0) 1.09 (0.8; 1.5) -1.81 (-9.3; 5.7)  0.02 (-3.5;3.6) 1.00 (0.5; 2.0) 0.84 (0.5; 1.5) 

12-15 5.58 (2.8;8.3) 1.57 (0.0; 3.1) 1.86 (1.3; 2.6) 1.27 (1.0; 1.6)   5.77 (-1.9; 13.4)  1.39 (-2.2;5.0) 1.31 (0.7; 2.3) 0.69 (0.4; 1.3) 

16-25*** 1.38 (-0.9; 3.6  1.01 (-0.3; 2.3) 1.22 (0.9-1.5) 1.24 (1.0; 1.5) -0.59 (-5.8; 4.6) -0.26 (-2.7; 2.2) 1.41 (0.9; 2.1) 1.04 (0.7; 1.6) 

26-31** - - - - -2.09 (-11.0; 5.2) -0.96 (-4.8; 2.9) 0.83 (0.5; 1.5) 0.97 (0.5; 1.8) 

Not in siege (ref) 0.00 0.00 1.00 1.00  0.00  0.00 1.00 1.00 

Difference (mm Hg) in systolic (SBP) and diastolic (DBP) blood pressure, and odds ratios (OR) for hypertension, with 95% confidence limits, comparing siege-
exposed, by age at peak starvation, and non-exposed. 

*Age at Jan 24th 1942. ** No men in this age group. ***Includes 16 men aged 26 years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table 4. Mortality from all causes, ischaemic heart disease (IHD), stroke, hemorrhagic stroke (h-stroke), 

all cancer, respiratory cancer (men), breast cancer(women) 

 
 Men (n=3900)      

Age at peak starvation* All cause mort. 
RR (95 % CI) 
(d)=2,632 

IHD 
RR (95% CI) 
(d)=829 

Stroke 
RR (95% CI) 
(d)=473 

h-stroke 
RR (95% CI) 
(d)=176 

All cancer  
RR (95% CI) 
(d)=687 

Respiratory ca 
RR (95% CI) 
(d)=241) 

6-8 1.04 (0.8; 1.3) 1.15 (0.8; 1.7) 0.79 (0.4; 1.5) 0.86 (0.3; 2.5) 0.87 (0.6; 1.3) 0.94 (0.5; 1.9) 

9-11 1.18 (1.0; 1.4) 1.41 (1.1;1.9) 1.23 (0.8; 1.9)  1.43 (0.7; 2.9) 1.10 (0.8; 1.5) 1.21 (0.7; 2.1) 

12-15 1.27 (1.1; 1.5) 1.32 (1.0;1.7) 1.70 (1.2; 2.4) 1.74 (1.0; 2.9) 1.19 (0.9; 1.6) 1.22 (0.8; 2.0) 

16-25** 1.19 (1.1;1.3) 1.15 (0.9; 1.4) 1.14 (0.9; 1.5) 1.34 (0.9; 2.0) 1.20 (0.9;1.5) 1.40 (0.9; 2.1) 

Not in siege (reference) 1.00 1.00 1.00 1.00  1.00 1.00 

 Women (n=1429)      

Age at peak starvation* All cause mort. 
RR (95% CI) 
(d)=612 

IHD 
RR (95% CI) 
(d)=139 

Stroke 
RR (95% CI) 
(d)=166 

h-stroke 
RR (95% CI) 
(d)=73 

All cancer 
RR (95% CI) 
(d)=160 

Breast cancer 
RR (95% CI) 
(d)=26 

1-5 1.24 (0.7; 2.2) 0.86 (0.2; 4.1) 1.80 (0.4; 7.5) 2.00 (0.3; 12.0) 1.18 (0.5; 3.0) 0.49 (0.1; 4.1) 

6-8 0.99 (0.5; 1.9) 0.69 (0.2; 3.1) 0.26 (0.0; 2.0) 0.51 (0.1; 4.2) 0.28 (0.0; 2.1) 1.05 (0.1; 9.5) 

9-11 1.02 (0.6; 1.7) 1.40 (0.5; 3.8) 0.37 (0.1; 1.6) - 0.80 (0.3; 2.3) See below*** 

12-15 1.00 (0.6; 1.6) 1.41 (0.5;4.2) 1.05 (0.5; 2.4) 0.95 (0.3; 3.0) 1.12 (0.5; 2.6) 4.20 (1.1; 15.9)*** 

16-25 1.12 (0.9; 1.4) 1.12 (0.7;1.9) 0.91 (0.6; 1.4) 1.15 (0.6; 2.2) 0.93 (0.6; 1.5) 2.16 (0.5;10.4) 

26-31 0.94 (0.7; 1.3) 0.58 (0.3; 1.1) 1.13 (0.6; 2.1) 1.00 (0.2; 4.3) 1.69 (0.8; 3.4) - 

Not in siege 
(reference) 

1.00      

Follow-up of men, born 1916-1935, from interview in 1975-77, and women, born 1910-1940, from interview in 1980-82, until 2005-12-31.Comparison of 
siege-exposed, by age at peak starvation, and non-exposed.Relative risks (RR) and 95% confidence intervals (95 CI) estimated by Poisson regression with 
control for attained age and birth cohort.Number of deaths (d) by cause. 

*Age at Jan 24th 1942. **Includes 16 men aged 26 years. *** Age groups 9-11 and 12-15 have been combined. 
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In analyses examining the mortality consequences of siege exposure, we looked in 
particular at circulatory disease, ICD-8 codes 390-458 ( ischaemic heart disease 410-414, 
stroke 430-438, and haemorrhagic stroke 430-431) and cancer, ICD-8 codes: 140-209 
(respiratory cancer160-163, breast cancer 174). 

 
 

Statistical Analyses 

 
Subjects were classified as aged 1-5, 6-8, 9-11, 12-15, 16-25 and 26-31 years when 

exposed to the severest starvation in January 1942 (in the two extreme age groups there were 
no men). Unlike in three previous papers [20, 21, 22],we divided the age group 9-15 into age 
groups 9-11 and 12-15,for this chapter. Epicure and SAS statistical packages were used [24, 
25]. 

 
Analyses of Risk Factors among Men and Women 

 
We used biological risk indicators as dichotomized outcome variables in logistic 

regression models [26] to estimate odds ratios by siege experience. They were also treated as 
continuous outcome variables in linear regression models with control for thebirth cohort, to 
estimate mean differences.  

Table 3 presents findings for blood pressure.  
 
 

Analyses of Circulatory, Cancer and Total Mortality- Men and Women 

 
We used the Poisson regression to calculate relative risks, where the number of deaths 

was weighted by the person years at risk in each combination of the explanatory variables 
[27].  

We always controlled for the birth cohort and attained age.  
Thus, we examined whether long term mortality risks differed between those living in 

Leningrad during the siege and those who were not, and whether any such effect was 
modified by age at exposure (Table 4).  

In addition, Figure 1 shows whether any effect on circulatory disease mortality was of a 
similar magnitude during the whole follow-up period. 

 
 

Confounding, Heterogeneity and Interaction 

 
We have discussed these issues at some length elsewhere [20, 21, 22]. Socioeconomic 

confounding was assessed by adjusting for marital status, education, occupational class, 
smoking and alcohol consumption.The heterogeneity of effect by follow-up period was 
examined by a Wald test. 
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5. Blood Pressure, Circulatory Disease and Cancer 

Following the Siege 
 
Does long-term starvation influence circulatory disease and its risk factors? This question 

has been analyzed in two papers from the St. Petersburg Cohort Study.The first study looks at 
men only [20]. The second was extended to include both women and men and is based on an 
extended follow-up period [21]. The first paper led to three letters [28, 29, 30] and a series of 
rapid responses in the BMJ (February 2004). Here, we report new analyses associated with 
the latest update of the cohort. To make interpreting easier and more consistent, we have used 
the same “exposure age window” in all analyses (Tables 3 and 4). 

 
 

Blood Pressure among Men and Women 

 
Three decades after the siege, there were significant differences in systolic and diastolic 

blood pressures between men who lived through the siege compared to their peers who did 
not. Those who were about to enter, or had already entered, puberty (12-15 years) at the peak 
of starvation (January 1942) were especially prone to hypertension (odds ratio 1.86, 95% 
confidence interval 1.3 to 2.6) with a mean excess of 5.6 mm Hg systolic blood pressure 
(95% CI 2.8 to 8.3). Diastolic blood pressure was 1.6 mm Hg higher (95% CI: 0.0 to 3.1) in 
those men. 

Women who were 12-15 years-old at the peak of starvation had, on average, a5.8 mm Hg 
higher systolic blood pressureas adults compared to unexposed subjects born during the same 
period. This estimate is similar to that of men, although not statistically significant (95% CI: -
1.9 to 13.4). In addition, we noted that women exposed to peak starvation at ages 6-8 appear 
to have elevated systolic blood pressure (4.5 mm Hg) although the margin of uncertainty is 
large. 

Women exposed to the siege at age 1-5 years had a higher mean level of triglycerides, 
amounting to 0.13 mmol/l. Other indicators of cardiovascular risk were remarkably similar 
for exposed and non-exposed. 

 
 

Total and Circulatory Disease Mortality among Men and Women 

 
The excess risk of dying (all causes) for men, but not for women, who experienced the 

siege was elevated (Table 4). 
Throughout the follow up period, 1975-2005, there was a pattern of higher circulatory 

disease mortality for men who experienced the siege (Figure 1). This was particularly 
pronounced in 1987-91. The period specific relative risk was 1.79, based on the main effect 
and a highly significant interactioneffect. 

When we looked at specific causes-of-death we found an excess risk for ischaemic heart 
disease mortality of 1.32 (95% CI:1.1 to 1.7) among those aged 12-15 at the peak of 
starvation. 
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Figure 1. St. Petersburg males born 1916 – 1935.CVD mortality rate over calendar time. 

The effects of starvation around puberty (ages 12-15) were alsoquite strong for strokes 
(1.70, 95% CI:1.2 to 2.4), including haemorrhagic strokes (1.74, 95% CI:1.0 to 2.9).Among 
those who were 12-15 years old at the peak of starvation, adjustment for systolic and diastolic 
blood pressure changed risk estimates downwards for ischaemic heart disease, stroke and 
haemorrhagic stroke. 

No statistically significant associations of the siege with circulatory-disease mortality 
were found for women in any of the exposure categories. 

 
 

Cancer Mortality among Men and Women 

 
Cancer mortality was followed-up during the period 1975-2005 for men and 1980-2005 

for women. A previous discussion is to be found in Koupil et al. [22]. Here, we report on the 
follow-up until the end of 2005, with more complete mortality data and with the same 
exposure age windows as for all-cause and circulatory disease mortality (Table 4). 

There is no general association between siege exposure and cancer among men or 
women. However, mortality from breast cancer is elevated in women who were between 9-15 
years old at the peak of starvation (HR 4.20; 95% CI 1.1 to 15.9).In contrast, the age-adjusted 
HR for death from breast cancer in women exposed at age 1-5 years was 0.49 (95% CI 0.1 to 
4.1). 
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6. General Discussion 
 
We find that the siege of Leningrad, particularly when experienced in puberty, has had 

long-term effects on blood pressure in both men and women. 
We also found a raised circulatory disease risk among men. This was partly mediated via 

blood pressure but not by any other measured biological, behavioral, or social factors.The 
mortality advantage of Leningrad men who had not experienced the siege was particularly 
pronounced in the period 1987-1991, a puzzling finding. 

Girls experiencing the siege around puberty suffered an elevated risk of dying from 
breast cancer later in life. 

The fact that the effect of siege exposure is modified by age at exposure is highly 
interesting from a scientific point of view. It may suggest that a reprogramming of 
physiological systems can occur at specific age windows in response to starvation and/or war 
trauma.The specific response also differed by gender. 

 
 

Validity of Results 

 
We considered how the design and methodology of the study may have influenced our 

results and their correct interpretation. 
Selection bias: The death toll during the 1941-4 siege was extreme. Death rates of siege 

survivors during the period 1944-1975/80 may also have been elevated. Siege survivors 
examined in 1975-7 (men) or 1980-82 (women) must have constituted a group of individuals 
with better genetic, constitutional and social resources for health, who were therefore capable 
of surviving under severe war trauma and through starvation. This selection process should 
bias our estimates of the health effects of the siege downwards. On the other hand, the 
comparison group was made up of men and women who moved (or moved back) to 
Leningrad at some time between 1945 and 1982. This group may also have been positively 
selected, as migrants usually are.However, it seems very unlikely that the latter selection 
process was nearly as powerful as the first. 

Michael Croft, in a letter to the BMJ [28], suggested that those who survived would have 
been fatter people, or the children of fatter parents, whose metabolism saved them during 
starvation periods, but made them more prone to death from circulatory disease in prosperity. 
We found that this was contrary to lay knowledge and experience of the siege, which 
suggested that fat people were among the first to die. Leyton, who observed Russian prisoners 
of war in Germany, similarly found “a big, wellbuilt man standing up to shortage of food less 
well than his smaller brother” [29]. Dimitri Shestov had the same impression. 

Narrow exposure contrast.Food shortage was common all over Russia during the war, 
especially in areas occupied by the Germans. Livestock and harvests were appropriated for 
German needs, and not distributing food to the Russian population was part of the German 
war strategy [30]. We are therefore comparing boys and men, girls and women, exposed to 
protracted starvation with those who experienced less severe food shortage, including 
episodes of starvation. This would, again, result in conservative risk estimates. 

Residual confounding.We assessed potential confounding factors at only one point in 
time (1975-7 for men and 1980-82 for women). We were able to adjust our results for a 
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number of social, demographic and behavioral factors, including smoking and alcohol 
consumption. Although all of them were strongly associated with mortality, they had little 
confounding effects. Residual confounding is therefore likely to be small or modest. Any 
residual confounding would inflate our estimates of the effect of the siege on health. 

Differential ascertainment of death.The researchers who traced the movements of cohort 
members and collected death certificates did not know the siege status of participants. After 
the last date of contact we excluded from the study individuals who moved from Leningrad. 

Limited statistical power.The statistical power of the analysis was particularly limited in 
women and a larger study might have yielded more significant results. This is true both for 
circulatory-disease and cancer mortality. 

On balance, we are confident about the validity of our results. It is most likely that our 
estimates of the long-term health consequences of the Leningrad siege are conservative. 

 
 

War Trauma, Prolonged Stress and Starvation 

 
Long-term effects of starvation in childhood and adolescence on blood pressure and 

circulatory function are not sufficiently well understood. In this particular case, how do we 
disentangle the effects of war trauma, persistent stress and starvation? Bell raised this issue in 
a letter to the Editor [31], following our first paper in the BMJ [20]: 

 
But persistent stress is well known to raise sympathetic tone and cortisol excretion, 

with long term increase in blood pressure; 2.5 years under siege bombardment definitely 
constitutes a stressful environment. In addition Pavlov mentions that boys aged 12 or 
over were assigned to defense duties such as bomb disposal. 
 
This point is well taken in our response to Bell [32]. It is interesting to note that a boy 

who turned twelve was given reduced food rations at exactly that age when his duties 
grewheavier. Girls, also, would have been given smaller rations from age 12. Boys and girls, 
aged 12-15 at the peak of starvation, were indeed more affected than other boys and girls in 
terms of future blood pressure levels, a point that was not made in our original papers, but 
which is stressed in this book chapter. 

The design of our study does not allow for a clear distinction between nutrition-based 
effects of starvation and potential effects due to the trauma of war. Whether, and to what 
extent, the extreme hardship experienced by Leningrad residents during the siege affected 
their circulatory systems directly, impacted on sympathetic activity or led to permanent 
changes in behavior, or to any combination of those, remains an open question. These causal 
pathways are not mutually exclusive, and it is plausible that each has its subsequent effects on 
blood pressure, circulatory disease, growth or cancer. 

 
 

Age Windows 

 
Starvation outside the fetal period, for example maternal starvation before pregnancy or 

starvation during childhood/adolescence, may have long-term effects on health. Before the 
fetal origins hypothesis, most research used a broader time window for relevant exposure 
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[33,34]. Kermack et al. suggested that “the important factor from the point of view of the 

health of the individual during his life is his environment up to the age of say 15 years.”[33] 
We suggestthat there may be several “age windows” early in life, when starvation, war 

trauma or severe stress can give rise to later-life vulnerability to disease.Such vulnerability 
windows may open up at different ages for boys and girls and their exact timing might be 
finely tuned by the development of the particular physiological system. 

For girls, starvation in childhood may delay age at menarche, which in turn could explain 
the apparent increase in adult height in women who were exposed to the Leningrad siege 
[22].Under-nutrition or starvation has been linked to later reproductive function [35] and to 
cancer incidence [36].Women’s reproductive histories were unknown by us and could not be 

taken into account in our analyses, but reproductive history is known to be linked to breast 
cancer risk. It has been hypothesized that caloric restriction can prevent cancer in humans 
[37], including breast cancer [38]. Although we do not rule out that this can be true for 
specific cancers, we found no support for such a general effect on cancer. 

 
 

Consistency with Other Studies 

 
The “Leningrad blockade hypertension epidemic”, which was first noted in 1943, was 

also visible in our data, over three decades after the event. An increase in mortality in middle-
aged Japanese males, but not females, who were all aged around 15 in 1945 and were thus 
exposed to the post-war food shortage in Japan, was observed by Okubo [39]. This finding 
was interpreted as evidence of malnutrition leading to weaknesses of the blood vessel 
structures which in turn gaverise to an increase in circulatory disease deaths. Horiuchi [40] 
reported higher mortality in old age among German males aged about 15 at the end of World 
War I than in preceding and succeeding cohorts. These mortality effects, interpreted as the 
long-term impacts of malnutrition upon the vascular structures of male adolescents, were only 
observed in men and not in women, which seems broadly consistent with our findings. 

Increased breast cancer mortality in women exposed to severe starvation in Leningrad is 
consistent with findings from a study of female survivors of the German occupation of 
Guernsey 1940-1945 [36]. In the latter case, the excess risk of breast cancer was seen among 
women exposed at age 10-18 years. Women who remained in Guernsey during the 
Occupation experienced delayed menarche,on average. 

Breast cancer risk was also elevated in women who were exposed to a short but severe 
caloric restriction as children during the 1944-1945 Dutch famine [35]. An earlier study of the 
Dutch famine also found a raised risk of breast cancer in women exposed to dietary restriction 
during or shortly after the adolescent growth spurt period [41]. 

 
 

Conclusion 
 
Particular concern has arisen about the later consequences of in utero starvation, a 

concern reinforced by much literature suggesting that fetal growth is indeed linked to risks of 
heart disease, stroke and breast cancer in adult life.Our study indicates that other periods 
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during childhood/adolescence may also be highly vulnerable times with regard to adult blood 
pressure levels (men and women), circulatory disease (men) and breast cancer (women). 

Thus, the consequences of the experience of war trauma and/or severe starvation in 
childhood for health in adult life are gender-specific and dependent on the age at exposure.In 
particular, it appears that war trauma and/or starvation that interferes with the onset or 
progress of puberty may have implications for future disease. Globally, war is still a leading 
cause of starvation. In addition to their well-known, short-term horrendous consequences, war 
and starvation may also have severe physiological and psychological consequences for health 
and survival many decades later. 

 
 

Perspectives on Future Research 
 
The mean blood pressure and the prevalence of hypertension in the St. Petersburg 

Cohortare considerably higher than in US men and women of the same age examined at the 
same time [42, 43]. This is a finding that in itself merits further study. If severe food shortage 
and/or war trauma in childhood/adolescence permanently alters blood pressure regulation and 
mortality risk, it seems possible that a more keen interest in Russian history would provide 
new clues to the high levels of hypertension among Russian men and women and perhaps 
also to the long period of health stagnation in Russia. 

Furthermore, recent developments in epigenetics suggest that now is the time to ask 
whether an early experience, such as that represented by the siege of Leningrad 1941-44, may 
also cast a shadow over coming generations. A major step forward would be to study 
circulatory and cancer risks in the offspring of those men and women who are included in the 
St. Petersburg Cohort Study. 
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