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Abstract 
 

Events during the Second World War resulted in a number of ‘natural experiments’ 

that have offered an invaluable opportunity for exploring the long-term impact of acute 
periods of deprivation on health in later life. Following the pioneering work by 
researchers examining the 1944-45 Dutch hunger winter and the 900-day siege of 
Leningrad (1941-1943), this Chapter presents ongoing research on a series of cohorts 
exposed to a period of chronic and acute deprivation that occurred contemporaneously on 
the British Channel Islands – the only part of the British Isles to be occupied by the 
Germans during the second world war. The 1940-45 occupation of the Channel Islands, 
which culminated in a 9-month siege following the Allied liberation of Normandy, 
involved both a gradual decline in the availability of food, fuel and essential supplies 
associated with the rationing and requisitioning of resources by the German garrison, but 
also a period of intense deprivation during the 1944-45 siege when the only supplies to 
reach the islands were delivered by the International Committee of the Red Cross in 
response to pleas from the beleaguered civilian administration. Official and anecdotal 
reports suggest that once the islands’ economies had adapted to their change in 

circumstances, most islanders coped with the early stages of the occupation relatively 
well, relying on their savings, bartering, garden produce, foraging and ingenious recipes 
to cope with whatever food was available (including that available through the black 
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market). However, the poor and those in urban areas with limited access to off-ration 
foods are reported to have struggled to cope even before the final phase of the occupation 
(the 1944-45 siege) when black market stocks had been depleted and there were limited 
supplies of off-ration foods available that were not subject to confiscation by the besieged 
German garrison. Indeed, many reports suggest that even the wealthiest members of 
society and those living in rural areas (whose produce was more systematically monitored 
by the German authorities) suffered substantial nutritional challenges during the siege. 
Drawing on this evidence of a similar pattern of chronic and acute deprivation to that 
found to be associated with health in later life by researchers on both the Dutch hunger 
winter and Leningrad siege studies, the Channel Islands Occupation Birth Cohorts Study 
set out to examine whether exposure to the occupation and siege might have a similar 
association with the health of this population. This Chapter describes the epidemiological 
analyses that have been conducted to-date to address this question. It draws on findings 
from three separate cohorts, linking data from multiple sources (including birth records, 
population registration documents, health care utilisation data and death notifications) to 
assess whether exposure to the occupation in early life was associated, in later life, with 
higher: blood pressure; blood glucose levels; total blood cholesterol concentrations; body 
mass index; rates of hospital admission for acute cardiovascular events; all-cause and/or 
cause-specific mortality; and rates of poor self-reported health. These analyses suggest 
that there is some evidence of an increased risk of metabolic dysfunction, elevated body 
mass index, hospital admissions for acute cardiovascular events, mortality and self-
reported health, while the absence of an increased risk of elevated blood pressure or total 
blood cholesterol levels may partly reflect ongoing challenges associated with linking 
sufficient numbers of individuals across enough of the available datasets to generate 
samples for analysis that are sufficiently large and sufficiently well-specified to permit 
robust analysis. These challenges are being addressed in ongoing research which draws 
on the recently released ‘permission to return’ forms from Channel Islanders who were 

resident on the mainland during the occupation (either because they were away, left or 
were evacuated before the occupation began). These contain information that will help to 
better identify unexposed islanders who returned to live on the islands and unexposed 
individuals born during the occupation to islanders resident on the mainland. 
 
 

1. Introduction 
 

1.1. The Channel Islands Occupation and Siege 1940-45 

 
The Channel Islands, situated close to the north west coast of France, comprise two semi-

autonomous states (the Bailiwicks of Jersey and Guernsey), the latter with seven separate 
inhabited islands (Guernsey itself, Alderney, Sark, Herm, Jethou, Brecqhou and Lihou). The 
islands remained loyal to England after the French regained control of their country in the 13th 
Century, and since that time have enjoyed a special status within Great Britain with 
substantial independence over their legal and economic affairs. Seven centuries later, 
following the successful German invasion of France in May 1940, the islands were 
demilitarised. Around a quarter of the population (predominantly women and children, but 
also a significant number of men of military age) left or were evacuated – many at the very 
last minute – before the German army occupied the islands at the end of June/beginning of 
July 1940 [1]. The German army quickly established control over the islands’ affairs, while 
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the islands’ existing civilian administrations continued to undertake the day to day running of 

the islands under the direction and control of the German army commandant [2].  
As a result of the pre-occupation evacuation the civilian population of the islands fell to 

between 65,000 and 70,000 (from pre-war totals of around 51,000 on the States of Jersey and 
45,000 on the States of Guernsey and its smaller islands [1, 3]). By matching the birth 
registration records of a representative sample of 856 births occurring on Guernsey between 
February 1923 and August 1937 to ‘population registration’ documents (compiled by the 

German Army in 1940) and ‘permission to return’ forms (completed by returning Channel 

Islanders in 1944-45), it was possible to compare the sociodemographic characteristics of 
those who remained on the island and those who left/were evacuated (including those who 
applied to return and those who did not; see Table 1; [4]). These analyses suggested that 
younger children and those with fathers in non-manual occupations were least likely to 
remain on the island, as were those living on the west of the Guernsey closest to St Peter Port 
and St Sampson (from where most evacuations took place). 

 
Table 1. Sociodemographic correlates of population mobility (1940-45 residents; 1940 

evacuees applying to return in 1945; and 1940 evacuees not applying to return in 1945) 

amongst 780 Channel Islanders born between 1923 and 1937 on Guernsey  

(after Head and Ellison [4]) 

 
  Population mobility 

  Residents Returning evacuees Not known 

Parish of birth*** 
East 112 (17.7) 194 (30.6) 327 (51.7) 
West 56 (38.1) 34 (23.1) 57 (38.8) 

Age at beginning of 1940*** 
3–7 years 51 (19.5) 89 (34.0) 122 (46.6) 
8–12 years 39 (13.1) 96 (32.2) 163 (54.7) 
13–17 years 84 (28.5) 59 (20.0) 152 (51.5) 

Paternal occupational class*** 
Non-manual 105 (20.9) 161 (32.1) 236 (47.0) 
Manual 65 (21.7) 75 (25.0) 160 (53.3) 
Unclassifiable 3 (6.1) 7 (14.3) 39 (79.6) 

Place of birth* 
Home 146 (22.5) 180 (27.7) 324 (49.8) 
Hospital/Nursing home 28 (13.7) 64 (31.2) 113 (55.1) 

Maternal marital status*** 
Married 171 (21.1) 239 (29.5) 400 (49.4) 
Not married 3 (6.7) 5 (11.1) 37 (82.2) 
GenderNS 
Male 80 (19.2) 113 (27.2) 223 (53.6) 
Female 94 (21.4) 131 (29.8) 214 (48.7) 
NS, non-significant; p ≥ 0.05; *p<0.05; **p<0.01; ***p<0.001. 
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In 1942 and 1943 the civilian population was further reduced by the deportation of more 
than a thousand residents considered to be of English (as opposed to Channel Islander) origin 
to internment camps in Germany – ostensibly in retaliation for the internment of German 
nationals by the British in Iran [3].  

However, the total population of the islands is likely to have exceeded that in peacetime 
once the German garrison and a large number of forced labourers were moved to the islands – 
the former thought to have numbered well over 30,000, and most of the latter on Alderney 
(after all but a handful of the remaining islanders on Alderney had been moved to Guernsey 
by the German army; [1]).  

Because of the occupation, and the ongoing hostilities between Germany and Great 
Britain, the economy of the Channel Islands rapidly adapted to cope with a shift away from 
agricultural activities tailored to British markets (particularly horticulture and dairy farming) 
towards the intensive production of staple foods required to maximise self-sufficiency for the 
islands’ civilian and military population [7].  

This was accompanied by the rationing of basic foodstuffs as early as July 1940, to which 
bread was added in March 1941, with more and more foods covered by rationing (often at 
lower and lower amounts, and of lower and lower quality) as the occupation wore on (see 
Figure 1 [5, 6, 7, 8]). Although this improved the islands’ capacity to feed their civilian and 

military population, they remained dependent on the importation of food and other basic 
commodities from occupied France [2, 3]. 

Nonetheless, in the main, the overall energy intake provided by the food ration allocated 
during the pre-siege period of the occupation was felt to have been sufficient to meet the basic 
energy requirements of the population [8].  

However, the ration diet was deficient in fats and protein unless supplemented with 
alternative sources of food (such as that available from private stocks of off-ration foods and 
garden/farm produce, or by foraging in the countryside and along the sea shore) – including 
that available through the black market, in which all but the poorest and most principled 
islanders appeared to have engaged through cash and barter, at least as long as black market 
goods remained available [3]. And while the allocation of rationed foodstuffs varied for 
different demographic groups within the population in proportion to their estimated 
nutritional requirements (e.g. for adults with/without ‘heavy work’, and for infants and 
children), it was recognised by German medical advisors at the time that older children and 
adolescents (particularly between the ages of 6 and 14) had lower rations than they actually 
required [1, 9].  

There were also three periods during the occupation where Channel Islanders faced 
additional nutritional challenges.  

The first, and perhaps the least severe of these, occurred during the first winter of the 
occupation (1940-41) when the islands and the resident islanders themselves had yet to adapt 
to their changing circumstances [1]. The second occurred during the second winter (1941-
1942) when the gradual depletion of pre-war stocks, combined with a poor harvest and a 
particularly harsh winter, are reported to have left many islanders short of food and basic 
supplies [3].  

The third occurred during the 9 month siege in 1944-45 when the islands had no access to 
external supplies following the Allied liberation of northern France (see Figure 2 [7, 19, 11]). 
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Figure 1. Timeline showing major events during the occupation of Guernsey, 1940-1945 (after Kelly Irving 
[5] and Head and Ellison [6]). 

The lack of external supplies in 1944-45 posed a genuine threat of mass starvation 
coming at the end of four years in which the civilian population had already suffered a 
gradual deterioration in their living conditions, as well as a decline in the availability and 
quality of both on- and off-ration foods. It is estimated that during this final stage of the 
occupation the average daily energy consumption of adults may have fallen as low as 1100-
1200kcalday-1 (see Figure 2 [12]) and only stabilised at subsistence levels following the 
intervention of the International Committee of the Red Cross, who provided emergency 
supplies and food parcels to the civilian authorities (see Figure 3) during the last 5 months of 
the occupation, prior to the liberation of the islands on 9th May 1945 [1, 3]. 
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Figure 2. Average half-yearly distribution of food rations on Guernsey from 1941-1945 (kcal per from 
proteins, fats, carbohydrates and other sources; after Travis [10] based on Lainé [7] and Symons [11]). 

 

Figure 3. Clockwise from top left: Stores of food parcel crates in Geneva waiting to go to the Channel Islands 
on the International Red Cross ship SS Vega, 1944-1945; St Johns Ambulance members wearing brassards 
supervise the arrival of a horse-drawn dray at St Helier harbour, while Red Cross nurses look on, 1945; 
People of Jersey receiving Red Cross food parcels at St Helier during the German occupation, 1945; and 
Guernsey Island residents receiving Red Cross food parcels during the German occupation.  



The Health in Later Life of Channel Islanders ... 83 

1.2. The Channel Islands Occupation Birth Cohorts Study 

 
The Channel Islands Occupation Birth Cohorts Study was initiated in 1999 with seven 

key aims. The first five sought to explore the short-term impact of the 1940-45 German 
occupation on the experiences, diet, fertility, birth outcomes and mortality of resident 
islanders.  

The remaining two aims set out to compare the health outcomes in later life and any 
subsequent intergenerational consequences, amongst Channel Islanders exposed to the 
occupation in early life and those who were away from the islands or had left/were evacuated 
from the islands before the occupation began [13]. In line with its broader interest in the 
developmental origins of health and disease hypothesis, a particular focus of the Study has 
been on the health in later life of Channel Islanders whose mothers were exposed prior to 
conception or who were themselves exposed in utero, or in infancy, childhood, adolescence 
and early adulthood.  

The rationale for this focus stemmed in part from the wealth of official and anecdotal 
reports of conditions on the islands during the occupation (which have been comprehensively 
reviewed elsewhere [6]), and in part from the findings of the ‘Dutch Famine’ and ‘Leningrad 

Siege’ studies (which have examined a range of adult health and intergenerational outcomes 
amongst cohorts exposed to similar events occurring as a result of the German occupation of 
the low countries and former Soviet Union during the same period of time; see Chapters 2, 7 
and 8 in this volume; and [14]).  

However, as we shall see, the original aims of the Study were also influenced by what 
was originally called the ‘foetal origins of adult disease’ hypothesis, which was based on 
statistical associations between size at birth (particularly birth weight) and a range of chronic 
diseases in later life [15] – evidence that drew the Study to focus foremost on birth weight, 
and on analyses of cohorts where birth weight data were available, rather than on the broader 
question of whether exposure to the occupation (irrespective of birth weight) was associated 
with health in later life (in line with the broader ‘developmental origins of disease hypothesis’ 

[16]).  
 
 

1.3. Childhood Development during the Occupation 

 
As well as the anecdotal and official reports of conditions on the islands during the 

occupation, two remarkable studies were conducted during the occupation itself and shortly 
thereafter: the first by Jersey’s Chief Medical Officer (Dr R.N. McKinstry) who examined the 

growth of school children resident on that island throughout the occupation [8]; the second by 
Knowles [17] and Bransby and Knowles [18], who examined the dental health of children 
who had been exposed to the occupation. Further analyses of McKinstry’s [8] growth data, 

involving a comparison of these with growth data from children living in London and in 
residential camp schools on mainland Britain, revealed a significantly lower average rate of 
growth in both weight and height amongst children resident on Jersey during the occupation, 
and a sustained delay in the average rate of growth in height (though not in weight) amongst 
these children following the liberation of the island in 1945 (see Figure 3 [19]).  
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*p<0.05; ***p<0.001 [19]. 

Figure 4. Age- and sex-adjusted average annual weight and height gain amongst school children resident on 
Jersey (between 1940 and 1945, average age 8.89 years), those in London (between 1938 and 1946, average 
age 10.06 years) and those attending residential camp schools in Hertfordshire and Staffordshire (between 
1941 and 1943, average age 11.69 years) during the Second World War. Vertical bars indicate upper 95% 
confidence intervals. Asterisks indicate the statistical significance of any increases or decreases in growth 
rate as compared to the initial measurement recorded. 

This evidence, of what Tobias [20] has called an ‘absent’ or ‘negative’ secular trend in 
childhood development, was subsequently found in comparisons of self-reported menarcheal 
age amongst 2377 women enrolled in the Guernsey Breast Cancer Project [21], which found a 
significant delay (of around 7 months) in age at menarche amongst study participants who 
had been exposed to the worst period of the occupation (the 1944-45 siege) at the age of 12-
15 (see Figure 4).  

Although Fentiman et al. [21] did not find any association between exposure to the 
occupation in early life and subsequent risk of cancer (an issue explored in greater detail 
amongst Holocaust survivors in Chapter 6 of this volume), the evidence of developmental 
delay provided by these analyses and those conducted on McKinstry’s [8] growth data (see 
Figure 3) indicate that circumstances on the Channel Islands during the 1940-45 occupation 
seem to have been severe enough to elicit a measureable impact on the physical development 
of Channel Islanders exposed in early life. 
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** p<0.01

 

Figure 5. Age-related differences in mean menarcheal age amongst women born between 1918 and 1945, 
resident on (n=1019) and off (n=1358) Guernsey during the 1940-45 German occupation. Vertical lines 
indicate 95% confidence intervals above and below each mean. For women born between 1930-1933, those 
resident on Guernsey had a significantly higher mean age at menarche (14.32 (95% CI: 13.96,14.68)) than 
those resident off Guernsey (13.75 (95% CI: 13.51,13.91 [21]). 

However, beyond these data there is, as yet, limited evidence to suggest that conditions 
on the Channel Islands were necessarily detrimental to the health of Channel Islanders. 
Certainly, the official ration allocated to islanders during the latter part of the occupation and 
the 1944-45 siege is unlikely to have been supplemented with significant amounts of off-
ration foods, except by those in rural areas able to hide local produce from the increasingly 
watchful and desperate German garrison (who were themselves on severely reduced rations). 
But mass starvation seems to have been averted by the civilian authorities’ successful petition 

to the International Committee of the Red Cross, which began shipments of Red Cross parcels 
and other supplies from December 1944 up until the liberation of the islands on 9th May 1945. 
Indeed, the accounts of medical staff resident on the islands during the occupation (from: 
official reports produced for the civilian authorities, e.g. [8]; anecdotal accounts contained in 
unpublished and published diaries, e.g. [22]; and qualitative interviews with former clinical 
staff conducted during the initial stage of the Channel Islands Occupation Birth Cohorts 
Study itself) suggest that most islanders, while often hungry, remained in sound health, and 
that many appeared to have benefitted from the enforced change in diet and the weight they 
lost as a result. These benefits extended to the dental health of 3-7 year old children resident 
on the islands during the occupation, who were examined by Knowles [17] immediately after 
the liberation in 1945 and found to have fewer dental caries (51% caries-free) compared to 
children who had been evacuated to the mainland (11% caries-free). This was a similar 
finding to that observed amongst children in the occupied Netherlands by Steijling-
Lindeboom et al. [23], and one that Bransby and Knowles [18] later attributed to the limited 
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amount of sugar and sugar-rich confectionaries available during the occupation, when 
children reportedly had a weekly ration of just 6oz of sugar (and, even then, only when sugar 
was actually available). Even this meagre and irregular treat stopped completely in November 
1944. 

Elsewhere, and perhaps crucially given the Study’s initial focus on the foetal origins of 

adult disease, the reorganisation of maternity services initiated on the islands following the 
occupation (which led to the majority of births taking place under medical supervision in 
hospital [24]), together with the allocation of additional rations for expectant and nursing 
mothers (particularly extra milk), might explain why the Study has yet to establish any 
evidence of a decline in birth weight amongst resident Channel Islanders during the 
occupation (see Figure 5 [25]). However, this conclusion remains tentative, and may simply 
reflect the paucity of maternity records discovered thus far. These include: the pre-war 
records of 1673 live births attended by a community midwife on Guernsey, Myra Pipe [26]; a 
handful of births delivered by another midwife (the only surviving qualified midwife 
available for interview by the Study); and maternal self-reports of previous birth details 
contained in the records of post-occupation births held at the Princess Elizabeth Hospital on 
Guernsey (which have proved difficult to match definitively to bona fide Channel Islanders, 
as opposed to post-war migrants, resident on or off the islands during the occupation). 
Notwithstanding the limitations of self-reported birth weight in this population [27], the 
available data provide little evidence that the occupation was associated with a decline in 
birth weight (see Figure 5 [25]). 

 

 

Figure 6. Mean sex- and birth order-adjusted self-reported birth weight of 300 Channel Islanders born 
between 1939 though 1946, 135 of whom were born on the Channel Islands; and 165 of whom were born to 
mothers who had left/were evacuated from the Channel Islands before the occupation began. Vertical lines 
indicate upper 95% confidence intervals of each mean. 1st to 5th ‘sub-cohort’ refers to the five groups of 

Channel Islanders examined separately in the analyses of the Birth Registration Cohort ([25]; (see text). 
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That said, the mean of self-reported birth weight data provided by 354 respondents to the 
Study’s extended questionnaire survey (3.27kg) falls between that observed in the two non-
famine and three famine-affected Dutch cities examined by Stein et al. ([28]; at 3.31kg and 
3.35kg vs. 3.21kg), 3.25kg and 3.33kg, respectively). However, this is also very similar to the 
average birth weight recorded amongst the 1673 live births attended by the community 
midwife, Myra Pipe, on Guernsey just before the occupation [26, 29]. This suggests that the 
occupation of the Channel Islands may not have been associated with a general decline in 
birth weight, although a definitive answer to this question must await further research. In the 
meantime, a more detailed analysis of self-reported birth weights was conducted by Kelly 
Irving [5] using data provided by respondents to the extended questionnaire administered to 
637 Study volunteers (354 of whom provided self-reported birth weights; see the Volunteer 
Cohort, below). This analysis demonstrated that, after adjusting for a range of socio-
demographic factors (including exposure to the occupation), those respondents who reported 
that their mothers had not had enough food during pregnancy had average self-reported birth 
weights (at 3.23(SE0.08) kg) that were significantly lower than those who reported that their 
mothers had had enough food to eat during pregnancy (at 3.42(SE0.08) kg). As we shall see, 
these analyses suggest that a more nuanced interpretation of birth weight – as the product of 
maternal circumstances that are likely to have varied amongst expectant mothers both on and 
off the islands during the occupation – may be required to fully understand the impact of the 
occupation on prenatal and perinatal determinants of birth weight, and its role in any longer-
term health consequences amongst those exposed in early life. This chimes with 
Cruickshank’s [1] view that “no two islanders were affected in exactly the same way by the 

occupation” (p. 133).  
 
 

1.4. Aims and Objectives 

 
The aim of this Chapter is to provide a synthesis of published evidence from three 

separate birth cohorts of Channel Islanders whose health in later life has been examined with 
reference to their exposure to the occupation in utero, and in infancy, childhood, adolescence, 
and as young adults. 

 
 

2. Methods 
 

2.1. Available data and methodological designs 

 
The methodological designs used in the Channel Islands Birth Cohorts Study have, in 

large part, been dictated by the data available. These comprised: 
 
 Island-specific birth registration and death notification records – which have allowed 

researchers to document all of the births registered on the islands during the year 
preceding the German occupation as well as births registered during the occupation 
itself and in the 18 months thereafter. Records of death notifications (including cause 
of death recorded therein by a medical practitioner) were also available for the same 
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period and for subsequent deaths on the islands occurring amongst each of the birth 
cohorts examined; 

 Island-specific population registration forms, completed at the behest of the German 
army shortly after the occupation began – which have allowed researchers to identify 
all adults (and the children in their care) who were registered as present on the 
islands, and to extract a range of sociodemographic information contained on these 
forms; 

 Permission to return forms completed, at the request of the British authorities on the 
mainland towards the end of the war, by Channel Islanders who had been resident off 
the islands during the war – which will allow researchers to definitively identify 
Channel Islanders who were not exposed to the occupation and any children born to 
non-resident Channel Islanders during the occupation;  

 Perinatal data on home births attended by a community midwife (Myra Pipe) 
working on Guernsey before the occupation, whose clinical records were discovered 
following a detailed search (of archives, storerooms and attics at facilities currently 
or formerly used as health care clinics or offices on both Jersey and Guernsey) for 
birth records that health workers present on the islands during the occupation had 
described as being in use during the occupation. Except for a handful of birth records 
provided by the only surviving qualified midwife available for interview by the 
Study, Myra Pipe’s clinical records have provided researchers with the only 
measurements (as opposed to self-reports) of birth outcome (including birth weights 
and assessments of gestational age at birth) available for analysis thus far; 

 Post-war hospital maternity records, from which perinatal information is available 
for those births occurring before, during and after the occupation from the self-
reports of ‘previous births’ recorded by mothers who went on to have one or more 

additional births in the years following the occupation. These data have proved 
difficult to match to bona fide Channel Islanders resident on or off the islands during 
the occupation, but the release of ‘permission to return’ forms completed by Channel 

Islanders resident off the islands towards the end of the war, has facilitated ongoing 
efforts to do so; 

 Preliminary enrolment questionnaires from islanders born between 1939 and 1946 
who responded to local media-disseminated requests (in the islands’ newspapers, 

radio and television stations, as well as through the ‘Channel Islands Occupation 

Society’) for volunteers – which provided some preliminary information on their 
circumstances at birth (including self-reported birth weight, and birth order); 

 Extended questionnaires distributed to all those Channel Islanders who had 
volunteered to participate in the Study and had completed preliminary enrolment 
questionnaires, which contained questions on their social circumstances at birth and 
throughout life as well as a range of tools designed to assess their current health 
status – data which have allowed researchers to examine in greater detail the 
relationships between exposure to the occupation, circumstances across the 
lifecourse, and health in later life; 

 Health screening data collected from Channel Islanders who had attended the 
Guernsey Chest and Heart Association (a charity established in 1974 to provide free 
primary screening for all middle-aged Channel Islanders, as an adjunct to the island’s 
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private health care services) – which provided self-reports of lifestyle and a family 
history of chronic disease as well as clinical assessments of respiratory, cardio-
vascular and metabolic health in later life; and 

 Hospital records from the Princess Elizabeth Hospital on Guernsey – which provided 
the researchers with information on those cohort members who had received care 
from the hospital from 1997 onwards (and were therefore assumed to be resident on 
the islands in later life), including admissions for acute cardiovascular events. 

 
 

2.2. Birth Cohorts Examined 

 
These data sources, and the nature of the occupation and siege itself (as historical events), 

have prescribed a retrospective cohort design on the analyses that follow, focusing on two key 
exposure variables: birth weight (where available); and exposure to the occupation and siege. 
Given the extent of ongoing efforts to locate, transcribe and match data across different 
sources, work to-date has focused primarily on three cohorts for which matched data from 
birth through to later life were most readily available: 

 
 Birth Registration Cohort – which involved linking male birth registration data from 

the Guernsey Greffe (the island’s central register of births and deaths) with screening 
health data recorded by the Guernsey Chest and Heart Association; 

 Volunteer Cohort – which examined the relationship between circumstances across 
the lifecourse and health in later life amongst Channel Islanders from all of the 
islands using self-reported data from those volunteers who returned completed copies 
of the extended questionnaire; and 

 Midwife Cohort – which drew on Myra Pipe’s pre-war clinical midwifery records, 
which detailed the perinatal circumstances of 1673 live births, to all of which were 
added information on place of residence and paternal social class from birth 
registration documents. These individuals were then matched to: health screening 
data collected by the Guernsey Chest and Health Association; hospital records from 
the Princess Elizabeth Hospital in Guernsey; and, amongst those included in the 
hospital records from 1997 onwards (who were therefore assumed to have been 
resident on Guernsey in later life), death notifications for any who had died on the 
island aged 18 or above. 

 
Ongoing research within the Channel Islands Occupation Birth Cohorts Study aims to 

refine these preliminary analyses and extend their findings to larger samples of individuals 
with better defined exposures, including the best available analyses of islanders on whom 
birth weight data are available (whether from self-reports, midwives’ records or retrospective 

maternal reports as recorded in subsequent maternity records).  
In the meantime, it is worth evaluating what these existing analyses have been able to 

establish in terms of any apparent relationship between birth weight, exposure to the 
occupation and health in later life. 
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3. Results 
 

3.1. Birth Registration Cohort  

 
3.1.1. Birth Registration Cohort Design 

The first cohort drew on 1987 male births recorded in birth registration records held by 
the Guernsey Greffe between 1939 through 1946. 608 (30.6%) of these births could be 
matched to men who had subsequently presented for screening at the Guernsey Chest and 
Heart Association. The screening records compiled by the Guernsey Chest and Heart 
Association were, in these initial analyses, used to provide information on systolic blood 
pressure and blood glucose concentrations and a number of potential sociodemographic and 
anthropometric confounders [30].  

These analyses compared five sub-cohorts (see also Figure 5): the first sub-cohort born 
between January 1939 and May 1940, before the occupation (i.e. prior to any occupation-
related nutritional stress; n=152); the second born between June 1940 and May 1944, during 
the first four years of occupation prior to the siege (i.e. when food rationing was introduced 
and gradually extended; n=204); the third born between June 1944 and May 1945, during the 
siege itself (i.e. when acute food shortages occurred; n=68); the fourth born between June 
1945 and March 1946, during the nine months following the liberation of the islands (i.e. for 
those whose mothers experienced acute siege-related food shortages during pregnancy; 
n=55); and the fifth sub-cohort born between April 1946 and December 1946, during the nine 
months thereafter (i.e. those conceived after food shortages ceased; n=129; see Figure 5). 

Unfortunately it was not possible at this stage to definitively match data for female cohort 
members on the basis of their maiden name at birth for those with different (i.e. married) 
surnames in later life. Nor was it possible to differentiate (for those in the first and fourth sub-
cohorts who had been born before the occupation and in the nine months after the liberation) 
those individuals (1st sub-cohort) and those whose mothers (4th sub-cohort) had been resident 
on the islands throughout the occupation and siege, and those who had left or been evacuated 
to the mainland before the occupation began. For this reason it is important to note that in the 
analyses that follow: the first sub-cohort (comprising individuals born before the occupation 
began) contained an indeterminate mix of men who were either evacuated to the mainland or 
remained on the island (and who would have been exposed to the whole of the occupation 
and, when they were 4-6 years old, the siege itself); while the fourth sub-cohort (comprising 
individuals born in the 9 months following the liberation of the island who might therefore 
have been exposed to the siege in utero), contained a similarly indeterminate mix of men 
whose mothers had either been resident on the island throughout the occupation or had been 
resident on the mainland. In contrast, men in the three other sub-cohorts were all either born 
on the island during the occupation (i.e. those in the second and third sub-cohorts, born 
during the first 4 years and final year of the occupation, respectively) or were all conceived 
and born on the island after the liberation (i.e. those in the fifth sub-cohort, born between 
April and December 1946, at least 9 months after the liberation). 

 
3.1.2. Birth Registration Cohort Findings 

Figure 6 summarises the differences in systolic blood pressure and blood glucose 
concentration for each of these five sub-cohorts after adjusting for age at screening (for both 
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systolic blood pressure and blood glucose concentration) and for body mass index at 
screening and self-reported familial history of hypertension (for systolic blood pressure 
alone). When compared to those individuals who had been conceived and born after the 
island was liberated (i.e. those in the fifth sub-cohort), these analyses suggested that systolic 
blood pressure was 5.8 (95% confidence intervals [CI]: 1.7,9.9 mmHg) higher amongst men 
in the first sub-cohort (i.e. those born before the occupation, some of whom are likely to have 
been evacuated – see Table 1 [4]); while blood glucose concentrations were 0.77 (95% CI: 
0.37,1.17) mmol·l-1, 0.65 (95% CI: 0.30,1.00) mmol·l-1 and 0.78 (95% CI: 0.35,1.20) mmol·l-1 
higher for men in the first sub-cohort, second sub-cohort (i.e. those born during the first 4 
years of the occupation) and third sub-cohorts (i.e. those born during the 1944-45 siege), 
respectively [30]. 

 

 

Figure 7. Mean systolic blood pressure (adjusted for age, body mass index and family history of 
hypertension; mmHg) and mean blood glucose concentration (adjusted for age; mmoll-1) of 356 male 
Channel Islanders in the Birth Registration Cohort born between 1939 though 1946. 1st to 5th ‘sub-cohort’ 

refers to the five groups of Channel Islanders examined separately in the analyses of this Cohort (see text for 
more details). Vertical lines indicate upper 95% confidence intervals of each mean; and asterisks (*) indicate 
means that are significantly higher than those for the 5th sub-cohort (conceived at least nine months after the 
end of the siege and the liberation of the islands [30]; see text). 

 
3.1.3. Birth Registration Cohort Conclusions 

These findings are difficult to interpret for the first and fourth sub-cohorts, given that 
they contained an indeterminate mix of exposed and unexposed individuals. Nonetheless, 
these findings do suggest that men born from mid-1940 through to the end of the occupation 
(i.e. those in the second and third sub-cohorts) displayed comparable systolic blood pressure 
but significantly elevated blood glucose levels compared to those born in the latter part of 
1946, 9 months or more after the liberation. While subsequent and ongoing analyses (as we 
shall see in the Midwife Cohort, below), have attempted to refine these initial analyses and 
extend these to women and Channel Islanders exposed over a wider period of development 
(from conception through to early adulthood), these initial analyses provide tangible evidence 
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that exposure to the occupation from conception up until 6 years of age was associated with at 
least one metabolic marker of health in later life, and would therefore be worth pursuing 
further. 

 
 

3.2. Volunteer Cohort  

 
3.2.1. Volunteer Cohort Design 

By 2001, the Channel Islands Occupation Birth Cohorts Study had recruited 637 
volunteers to take part in an extended questionnaire survey designed to generate detailed 
information on their current health (aged 55-62) and circumstances throughout their life. The 
self-completed postal questionnaire comprised 9 sections over 44 pages and elicited 411 
responses (65%) from Channel Islanders who had been born between 1939 and 1946 
inclusive.  

Kelly Irving [5] analysed the potential impact of the occupation on these respondents by 
identifying those who had been exposed to the occupation in early life (from conception 
through to 18 months of age; n=243) and those who had not (n=168). Likewise, to establish 
whether the impact of exposure to the occupation in early life was independent of deprivation 
during childhood and adulthood (and any interaction between the two – as an indicator of 
social mobility), Kelly Irving [5] devised two separate indices of social disadvantage for each 
of these time periods, based on socioeconomic variables collected by retrospective self-report 
throughout the life course.  

These, together with a number of selected sociodemographic, anthropometric and 
behavioural variables were included as potential confounders and/or competing exposures in 
a range of multivariable analyses to establish whether there was any independent relationship 
between exposure to the occupation in early life and four key self-reported health outcomes in 
later life: body mass index (BMI; calculated as current body weight mass in kilograms 
divided by current height in metres squared [kgm-2], using self-reported weight and height 
transformed, where necessary, from imperial to metric units); hypertension (based on self-
reported clinical diagnoses of hypertension); limiting longstanding illness (using the same 
question as that included in UK censuses since 1991 [31]); and overall health status 
(dichotomised to less than ‘good’ vs. ‘good’ or better overall health). 

 
3.2.2. Volunteer Cohort Findings 

 
3.2.2.1. Volunteer Cohort Findings – Body Mass Index 

There was no evidence that self-reported birth weight was associated with BMI in later 
life [5]. However, after adjusting for sex, date of birth, birth weight, breastfeeding, childhood 
illness and the childhood disadvantage index, BMI was significantly higher (on average 
1.2kgm-2 higher) amongst those respondents exposed to the occupation in early life (see 
Figure 8 [5]).  

This difference was only slightly attenuated and remained statistically significant (at 1.1 
kgm-2 higher, on average) after additional adjustment for self-reported smoking status, 
alcohol consumption, the adulthood disadvantage index, and the interaction between 
childhood and adulthood disadvantage indices (see Figure 8 [5]).  
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However, by exploring the interaction between exposure to the occupation in early life 
and date of birth (dichotomised to those occurring in the first and second halves of the eight-
year cohort, before and after July 1942; aged 2-5 and 0-2 during the 1944-45 siege, 
respectively), Kelly Irving [5] found that BMI was significantly elevated not only amongst 
respondents exposed at an earlier age, but also amongst older respondents (i.e. those born in 
the first part of the cohort) who had not been exposed (see Figure 8). Kelly Irving [5] 
suggested that this apparent anomaly might reflect the similarity of circumstances 
experienced by those exposed in early life to the worst four years of the occupation 
(particularly the 1944-45 siege) and the conditions experienced by those born and evacuated 
from the islands prior to the onset of the occupation in 1940 or born to evacuated mothers 
prior to 1943 (many of whom are reported to have had a precarious existence as refugees on 
the mainland until stable temporary accommodation and suitable documentation were 
arranged [3]). This is certainly a finding worth exploring in greater detail amongst returning 
evacuees, particularly amongst those for whom measures of BMI (rather than self-reports) are 
available in clinical records or the screening records of the Guernsey Chest and Heart 
Association – analyses that are ongoing now that these individuals can be accurately 
identified from the ‘permission to return’ forms that have become available for use by the 
Study. 

 

 
1 Adjusted for sex; date of birth; childhood disadvantage index; birth weight; childhood illness; and 

breastfeeding. 
2 Adjusted for 1 plus:adult disadvantage index; smoking status; alcohol consumption; childhood x 

adulthood disadvantage index. 

Figure 8. Mean body mass index (kg·m-2) amongst individuals in the Volunteer Cohort, with separate 
analyses adjusted for early life factors (n=3161); early life and adult factors plus interactions (n=3112); and 
stratified by date of birth (n=3112; born before July 1942, aged 2-5 in 1944-45; born later than July 1942, 
aged 0-2 in 1944-45). Vertical lines indicate upper and lower 95% confidence intervals [5]. 

 

3.2.2.2. Volunteer Cohort Findings – Hypertension 

There was no evidence that self-reported birth weight was associated with self-reported 
clinical diagnoses of hypertension in later life [5] although, after adjusting for sex, date of 
birth, birth weight, breastfeeding, childhood illness and the childhood disadvantage index, the 
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odds of respondents self-reporting a clinical diagnosis of hypertension was 1.27 (95% CI: 
0.76,2.14) higher amongst those exposed to the occupation in early life (see Figure 9 [5]).  

This fell to an odds of 1.01 (95% CI: 0.57,1.80) after additional adjustment for self-
reported smoking status, alcohol consumption, maternal longevity (as a marker for any 
heritable, biosocial determinants of health), BMI (and the interaction between BMI and birth 
weight), and the adulthood disadvantage index (and the interaction between childhood and 
adulthood disadvantage indices; see Figure 9 [5]). While these analyses suggest that a clinical 
diagnosis of hypertension was significantly associated with a number of adult factors 
(including smoking status, the adulthood disadvantage index and the interaction between the 
childhood and adulthood disadvantage indices), it was not associated with any of the early life 
factors nor with exposure to the occupation in early life [5]. 

 
3.2.2.3. Volunteer Cohort Findings – Limiting Longstanding Illness 

After adjusting for sex, date of birth, childhood illness and the childhood disadvantage 
index, the odds of respondents self-reporting a limiting longstanding illness was the same 
amongst those who had been exposed to the occupation in early life and those who had not 
(Odds Ratio [OR]: 1.00; 95% CI: 0.63,1.71; see Figure 9 [5]). This remained statistically non-
significant after additional adjustment for self-reported smoking status, alcohol consumption, 
BMI, maternal longevity, and the adulthood disadvantage index (and the interaction between 
childhood and adulthood disadvantage indices; see Figure 9 [5]). Unlike the analyses for self-
reported clinical diagnosis of hypertension, these analyses found that a number of 
sociodemographic, early life and adult factors (including: maternal longevity, school 
childhood illness and the adult disadvantage index) were statistically associated with an 
increased odds of self-reported limiting longstanding illness, but there was no apparent 
association with exposure to the occupation in early life [5]. 

 
3.2.2.4. Volunteer Cohort Findings – Overall health status 

After adjusting for sex, date of birth, childhood illness and the childhood disadvantage 
index, the odds of respondents self-reporting less than ‘good’ overall health was twice as high 
(OR: 2.07; 95% CI: 1.10,3.90) amongst those exposed to the occupation in early life (see 
Figure 9 [5]).  

This rose to an odds of 2.33 (95% CI: 1.12, 4.88) after additional adjustment for self-
reported smoking status, alcohol consumption, BMI, maternal longevity, and the adulthood 
disadvantage index (and the interaction between childhood and adulthood disadvantage 
indices; see Figure 9).  

In addition to exposure to the occupation in early life, these analyses found that overall 
health status was significantly associated with two other early life factors (childhood illness; 
and the childhood disadvantage index) as well as with BMI and the adulthood disadvantage 
index [5].  

As such, and in contrast to the analyses of self-reported limiting longstanding illness 
(above), the broader concept of overall health status appears to have been sensitive to a 
number of adverse health events across the lifecourse, including exposure to the occupation in 
early life. 
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1 Adjusted for sex; date of birth; childhood disadvantage index; birth weight; childhood illness; and 

breastfeeding. 
2 Adjusted for 1 plus: adult disadvantage index; body mass index; smoking status; alcohol consumption; 

maternal longevity; childhood x adulthood disadvantage index; and birth weight x body mass 
index. 

3 Adjusted for sex; date of birth; childhood disadvantage index; and childhood illness 
4 Adjusted for 3 plus: adult disadvantage index; body mass index; smoking status; alcohol consumption; 

maternal longevity; and childhood x adulthood disadvantage index. 

Figure 9. Odds ratios for diagnosed hypertension (n=3191; n=3102), limiting longstanding illness (n=3803; 
n=3694) and overall health status (n=3853; n=3744) amongst individuals in the Volunteer Cohort exposed to 
the occupation in early life (referent: unexposed), with separate analyses adjusted for early life factors1,3 and 
adult factors plus interactions.2,4 Vertical lines indicate upper and lower 95% confidence intervals [5]. 

 

3.2.3. Volunteer Cohort Conclusions 

While the findings of Kelly Irving’s [5] analyses suggest that the 1940-45 occupation of 
the Channel Islands had an adverse effect on the BMI and overall health status (as reported 
and perceived by respondent volunteers, respectively), these analyses are beset by a number 
of substantive limitations. Not least amongst these are the limited sample size available and 
the possibility of selection bias: the analyses were based on modest subsamples (between 
n=310 and n=385, 49-60%) of the relatively small number of volunteers (n=637) from 
amongst several thousand Channel Islanders estimated to have been born (on and off the 
islands) between 1939 and 1946; at the same time, since the media reports and materials used 
to recruit volunteers to the Study highlighted the possible link between exposure to the 
occupation in early life and health in later life, it may have encouraged a disproportionate 
number of unhealthy volunteers from those who had been resident on the islands during the 
occupation and a disproportionate number of healthy volunteers from those who had been 
resident elsewhere. This might explain the strong association between exposure and self-
reported overall health evident in Figure 8, above. However, the strengths of these analyses 
lie in their efforts to examine and adjust for disadvantage across the lifecourse and thereby 
separate exposure to the occupation in early life from disadvantage during childhood, 
disadvantage during adulthood and any interaction between the two.  
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3.3. Midwife Cohort  

 
3.3.1 Midwife Cohort Design 

The analyses of the third cohort drew on the records of 1673 live births contained in 
Myra Pipe’s clinical midwifery records for the years 1923 through 1937. Since these records 

contained measurements of birth weight and an assessment of gestational age at birth, and 
since all of these births had occurred before the occupation began, this cohort provided an 
opportunity to compare birth weight and exposure to the occupation during infancy, 
childhood, adolescence and/or early adulthood as potential determinants of health in later life. 
By matching each individual to the birth registration documents at the Guernsey Greffe, the 
perinatal data provided in Myra Pipe’s clinical records were validated and extended to include 

information on paternal occupation at birth and parish of residence at birth. Finally, by linking 
these to the occupation population register compiled by the German army, it was possible to 
identify which of these individuals had been resident on the island throughout the occupation, 
and which had left or had been evacuated before the occupation began. 

Measures of health in later life for the Midwife Cohort were obtained from three sources: 
from the health screening records held at the Guernsey Chest and Heart Association; from 
hospital records at the Princess Elizabeth Hospital on Guernsey; and from death notification 
records held by the Guernsey Greffe for those cohort members who had died on the island 
following the liberation. Unfortunately, these data were not available for all of the individuals 
in the Midwife Cohort, simply because: not all of the cohort members will have remained on 
the island in later life (including those who left after the liberation, and those who left or were 
evacuated before the occupation began and never returned); and not all of the cohort members 
who remained on the island will have presented themselves for screening by the Guernsey 
Chest and Heart Association. It is also possible that some cohort members who remained on 
the island in later life may not appear in the hospital records because they have not needed to 
attend the hospital to receive any of the specific health care services that only the Princess 
Elizabeth Hospital provides. Moreover, because fewer cohort members with complete 
perinatal data had presented for screening at the Guernsey Chest and Heart Association 
(n=374) than had attended the Princess Elizabeth Hospital on Guernsey (n=873), it was 
decided to analyse these two groups separately to maximise the sample size available for each 
of these analyses, albeit at the cost of producing data from two different and overlapping 
subsamples of the same cohort (in which only 374/873: 43% were the same). As such, the 
analysis of Guernsey death notification data was restricted to those cohort members who 
could be traced to records maintained by the Princess Elizabeth Hospital on Guernsey, to 
ensure that death rates were only calculated for those individuals who had been living on the 
island (i.e. assuming that being included in the hospital records meant that they were, and 
remained, resident on the island in later life) and were therefore actually at risk of dying on 
the island. This approach had the additional advantage that the samples of cohort members 
used for both of these analyses (using hospital records and death notification records) were 
identical and therefore directly comparable. 

 
3.3.2. Midwife Cohort Findings – Screening Data 

A careful review of the quality and completeness of data available from the Guernsey 
Chest and Heart Association identified three health outcome variables for which there were 
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fewest missing data: blood pressure, total blood cholesterol concentration and body mass 
index. Unfortunately too few cohort members had records of blood glucose concentration 
data to permit a comparison between these data and those examined in the Birth Registration 
Cohort’s preliminary analyses, and further work on this important metabolic marker of health 

in later life is required. To inform the modeling of the analyses on each of the remaining three 
health outcomes, causal path diagrams (in the form of Directed Acyclic Graphs; DAGs) were 
used to create explicit models of the likely causal relationships between each of the covariates 
for which data were available [32], and thereby identify which of these variables ought to be 
included as potential confounders or competing exposures (see Head et al., [33, 34] for 
examples of these DAGs).  

Separate univariable and multivariable analyses were conducted to explore the 
association between birth weight and/or exposure to the 1940-45 occupation and each of the 
three health outcomes (systolic and diastolic blood pressure, total blood cholesterol 
concentration and obesity [body mass index above 30kgm-2]) both before (i.e. univariable) 
and after (i.e. multivariable) adjusting for available confounders and/or competing exposures, 
as identified in the DAG for each analysis. Each of the multivariable analyses were then 
stratified by median age at exposure (equivalent to 8-15 vs. 16-22 years of age at the height of 
the 1944-45 siege) and by parish of residence at birth (classified as either ‘urban’ or ‘rural’, as 

a marker for the differential availability of off-ration foods in urban and rural parishes during 
the occupation and siege [6]).  

Finally, to avoid the possibility that attendance for screening at the Guernsey Chest and 
Heart Association might alter subsequent behavioural determinants of the three health 
outcomes examined here, only the first recorded measurements of each of these were used in 
the analyses that follow, regardless of how ever many times cohort members had presented 
for screening. 

 
3.3.2.1. Midwife Cohort Screening Data Findings – Blood Pressure 

The results of the statistical analyses conducted on blood pressure suggest that there was 
no evidence of a significant association between birth weight and blood pressure in this 
cohort either before or after adjustment for available confounders and competing exposures 
[35].  

There was also no evidence of a differential relationship between birth weight and blood 
pressure when these analyses were stratified by sex and exposure to the occupation [35]. 
Nonetheless, prior to adjustment, systolic and diastolic blood pressure were 4.08 (95% CI: -
0.53,8.69) mmHg and 2.60 (95% CI: 0.24,4.96) mmHg higher, respectively, amongst 
islanders exposed to the occupation – the latter being statistically significant (p=0.03; see 
Figure 10 [35]).  

These differences fell to 0.92 (95% CI: -4.02,5.86) mmHg for systolic blood pressure and 
1.67 (95% CI: -1.09,4.43) mmHg for diastolic blood pressure following adjustment for 
available confounders and competing exposures. Although both were higher for cohort 
members exposed at a younger age, and those resident in an urban parish at birth, only parish 
of residence at birth approached statistical significance for both systolic and diastolic blood 
pressure (p=0.09 and p=0.08, respectively; see Figure 10 [35]).  
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1 Adjusted for: year of birth; parish of residence at birth, paternal occupation, sex, adult occupation, 

familial history of cardiovascular disease, smoking; exercise at home and at work, self-reported 
stress; and birthweight. 

Figure 10. Coefficient estimates for the relationship between (systolic and diastolic) blood pressure and 
exposure to the occupation in early life amongst 374 individuals in the Midwife Cohort, before and after 
adjustment for available confounders and competing exposures, with separate analyses stratified by age (8-15 
vs. 16-22 years in 1944-45) and parish of residence at birth (urban vs. rural). Coefficient estimates indicate 
the mean difference in systolic and diastolic blood pressure (mmHg) amongst Midwife Cohort members 
exposed to the occupation in early life as compared to those who were unexposed (vertical lines indicate 
upper and lower 95% confidence intervals [35]). 

3.3.2.2. Midwife Cohort Screening Data Findings – Blood Cholesterol 

The results of the statistical analyses conducted on total blood cholesterol levels suggest 
that there was no evidence of a significant association between birth weight and total blood 
cholesterol levels in this cohort either before or after adjustment for available confounders 
and competing exposures. There was also no evidence of a differential relationship between 
birth weight and blood cholesterol when these analyses were stratified by sex or exposure to 
the occupation [34].  

Likewise, before adjustment, blood cholesterol levels were only 0.01 (95% CI: -0.24, 
0.27) mmoll-1 higher amongst islanders exposed to the occupation and this remained 
negligible (at 0.04 (95% CI: -0.26,0.33) mmoll-1) after adjustment for available confounders 
and competing exposures (see Figure 11 [34]).  

In the stratified multivariable analyses, total blood cholesterol was higher for exposed 
cohort members in the older age group, and those resident in an urban parish at birth, but 
neither of these approached statistical significance (p=0.86 and p=0.46, respectively; see 
Figure 11 [34]).  
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1 Adjusted for: year of birth, parish of residence at birth, paternal occupation, sex, adult occupation, 

familial history of cardiovascular disease, smoking; exercise at home and at work, self-reported 
stress; and birthweight. 

Figure 11. Coefficient estimates for the relationship between total blood cholesterol and exposure to the 
occupation in early life amongst 374 individuals in the Midwife Cohort, before and after adjustment for 
available confounders and competing exposures, with separate analyses stratified by age (8-15 vs. 16-22 
years in 1944-45) and parish of residence at birth (urban vs. rural). Coefficient estimates indicate the mean 
difference in total blood cholesterol concentration (mmoll-1) amongst Midwife Cohort members exposed to 
the occupation in early life as compared to those who were unexposed (vertical lines indicate upper and lower 
95% confidence intervals [34]). 

3.3.2.3. Midwife Cohort Screening Data Findings – Obesity 

The results of the statistical analyses conducted on the prevalence of obesity suggest once 
more that there was no evidence of a significant association between birth weight and obesity 
in this cohort either before or after adjustment for available confounders and competing 
exposures [36]. There was also no evidence of a differential relationship between birth weight 
and obesity when these analyses were stratified by sex or exposure to the occupation [36]. In 
contrast, prior to adjustment, the odds of obesity was almost twice as high amongst cohort 
members exposed to the occupation (OR: 1.99; 95% CI: 0.97,4.08) and this rose to an odds of 
more than three after adjustment for available confounders and competing exposures (OR: 
3.39; 95% CI:1.35,8.50; see Figure 12 [36]). Although the odds of obesity were more than six 
times higher for cohort members at a younger age, and those resident in a rural parish at birth, 
both of these associations were of marginal statistical significance (p=0.11 and p=0.05, 
respectively; see Figure 12 [36]).  
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1 Adjusted for: year of birth, parish of residence at birth, paternal occupation, sex, adult occupation, 

familial history of cardiovascular disease, smoking, exercise at home and at work, self-reported 
stress; and birthweight. 

Figure 12. Odds ratios for obesity (body mass index 30kgm-2) amongst Midwife Cohort members exposed 
to the occupation in early life (referent: unexposed), before and after adjustment for available confounders 
and competing exposure, with separate analyses stratified by age (8-15 vs. 16-22 years in 1944-45) and parish 
of residence at birth (urban vs. rural). Vertical lines indicate upper and lower 95% confidence intervals [36]. 

3.3.3. Midwife Cohort Screening Data – Conclusions  

In common with the analyses conducted on the Birth Registration and Volunteer Cohorts, 
the inherent limitations of these first three analyses of the Midwife Cohort are that they are 
based on a relatively small sample (n=374) that is prone to possible selection bias (given that 
these comprised only 22% of the 1673 live births attended by Myra Pipe, and 43% of those 
known to be resident on the island in later life – all of whom had elected to attend for 
screening at the Guernsey Chest and Heart Association). Moreover, there were limited data 
available for variables acting as potential confounders or competing exposures. Nonetheless, 
these analyses do offer some evidence of the potential relationships between pre-occupation 
birth weight (as a crude proxy for development in utero), exposure to the 1940-45 occupation 
and siege in early life, and three important markers of disease in later life (blood pressure, 
total blood cholesterol concentration and obesity). Indeed, the findings of these analyses are 
largely in agreement with those conducted on the Birth Registration and Volunteer Cohorts: 
none of these found an unequivocal association between exposure to the occupation and 
blood pressure/diagnosed hypertension; while the elevated blood glucose concentrations 
(Birth Registration Cohort), higher BMI (Volunteer Cohort) and increased odds of obesity 
(Midwife Cohort) amongst Channel Islanders exposed to the occupation, particularly amongst 
those exposed at a younger age (see Figures 7, 8 and 10) do suggest that the occupation was 
associated with these markers of metabolic health in later life.  
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3.3.4. Midwife Cohort Findings – Hospital Admissions and Mortality 

 
3.3.4.1. Midwife Cohort Findings – Hospital Admissions for Cardiovascular 

Events 

To examine whether birth weight and/or exposure to the 1940-45 occupation and siege 
were associated with an increased risk of admission to the Princess Elizabeth Hospital on 
Guernsey for an acute cardiovascular event, each of the 873 cohort members with complete 
perinatal data were matched to the hospital records, and a careful search of the hospital 
records was conducted to identify any relating to an acute cardiovascular event (defined as 
myocardial infarction, stroke or unstable angina) – all of which are sufficiently serious to 
have required admission at the Princess Elizabeth Hospital on Guernsey, the only provider of 
care for acute cardiovascular events.  

The results of the statistical analyses conducted on hospital admissions for an acute 
cardiovascular event suggest that there was no evidence of a significant association between 
this health outcome and birth weight in this cohort either before or after adjustment for 
available confounders and competing exposures [33]. There was also no evidence of a 
differential relationship between birth weight and hospital admission for an acute 
cardiovascular event when these analyses were stratified by sex or exposure to the occupation 
[33]. However, before adjustment, the hazard ratio for hospital admission for an acute 
cardiovascular event was almost three times higher amongst cohort members exposed to the 
occupation (Hazard Ratio [HR]: 2.88; 95% CI: 1.78,4.66) and this was only modestly 
attenuated after adjustment for available confounders and competing exposures (HR: 2.52; 
95% CI: 1.54,4.13; see Figure 13 [33]). The hazards ratio for hospital admission for an acute 
cardiovascular event amongst Cohort 3 members exposed to the occupation was also higher 
amongst those resident in an urban parish at birth (HR: 2.75; 95% CI: 1.41,5.35), and the 
interaction between parish of residence at birth and exposure to the occupation was 
statistically significant (p=0.01; see Figure 13 [33]).  

 
3.3.4.2. Midwife Cohort Findings – All-cause and Cardiovascular Mortality 

To establish whether the evidence of an increased risk of hospital admission for an acute 
cardiovascular event amongst cohort members exposed to the 1940-45 occupation and siege 
during early life might be mirrored by similar disparities in mortality, the final analyses of 
this cohort involved matching these individuals to the island’s death notification records to 

identify any who had died on the island from the age of 18 onwards, and their related cause of 
death (as recorded by the clinician responsible for registering the death, and subsequently 
converted to ICD10 codes). This identified 305 of the sample of 873 resident cohort members 
with complete perinatal data who had died on the island aged 18+ since the liberation, 91 of 
whom had a recorded cause of death that was classified as a ‘disease of the circulatory 

system’ (ICD10 I00-I99). 
The results of the statistical analyses conducted on adult all-cause mortality suggested 

that there was no evidence of a significant association with birth weight in this cohort either 
before or after adjustment for available confounders and competing exposures [35]. There 
was also no evidence of a differential relationship between birth weight and all cause 
mortality when these analyses were stratified by sex or exposure to the occupation [35]. 
Nonetheless, before adjustment, the hazard ratio for adult all-cause mortality was 36% higher 
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amongst cohort members exposed to the occupation (HR: 1.36; 95% CI: 1.07,1.73) and this 
was only modestly attenuated after adjustment for available confounders and competing 
exposures (HR: 1.27; 95% CI: 1.00,1.65; see Figure 13 [35]). The hazards ratio for all cause 
mortality amongst Midwife Cohort members exposed to the occupation was also higher 
amongst those resident in an urban parish at birth (HR: 1.52; 95% CI: 1.07,2.16), and the 
interaction between parish of residence at birth and exposure to the occupation was 
statistically significant (p=0.01; see Figure 13 [35]). 

 

 
1 Adjusted for: gestational age at birth; birth weight; paternal occupation; and parish of residence at 

birth. 

Figure 13. Hazards ratios for cardiovascular hospital admission, adult all-cause mortality, and adult 
cardiovascular mortality amongst Midwife Cohort members exposed to the occupation in early life (referent: 
unexposed), before and after adjustment for available confounders and competing exposures, with separate 
analyses stratified by parish of residence at birth (urban vs. rural). Vertical lines indicate upper and lower 
95% confidence intervals [33, 35]. 

The results of the statistical analyses conducted on adult cardiovascular mortality once 
more suggested that there was no evidence of a significant association with birth weight in 
this cohort either before or after adjustment for available confounders and competing 
exposures [35]. There was also no evidence of a differential relationship between birth weight 
and cardiovascular mortality when these analyses were stratified by sex or exposure to the 
occupation [35]. Nevertheless, before adjustment, the hazard ratio for adult circulatory system 
mortality was 51% higher amongst cohort members exposed to the occupation (HR: 1.51; 
95% CI: 0.98,2.32) and while this was only modestly attenuated after adjustment for available 
confounders and competing exposures (HR: 1.44; 95% CI: 0.90,2.30; see Figure 13 [35]), 
neither of these reached statistical significance (p=0.06 and p=0.13, respectively). And while 
the hazards ratio for circulatory system mortality was more than twice as high amongst 
Midwife Cohort members exposed to the occupation who had been resident in an urban parish 
at birth (HR: 2.16; 95% CI: 1.21,3.84), the interaction between parish of residence at birth 
and exposure to the occupation was not statistically significant (p=0.15; see Figure 13 [35]). 
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3.3.5. Midwife Cohort Hospital Admissions and Mortality – Conclusions 

While these analyses, of hospital admissions for acute cardiovascular events and adult 
mortality, were once again subject to some of the same limitations affecting earlier analyses 
of all three Cohorts (see above), both of these analyses were on a substantively larger (n=873 
vs: Birth Registration Cohort n=608; Volunteer Cohort n=310-385; and Midwife Cohort 
screening analyses n=374) and better defined sample that was less susceptible to potential 
selection bias associated with participation in the Study’s extended questionnaire or screening 
at the Guernsey Chest and Heart Association. Although it is possible that some selection bias 
may still be present, in the decisions cohort members made to return to/remain on Guernsey 
after the occupation in later life and/or to seek care at the Princess Elizabeth Hospital (if these 
were discretionary), these seem likely to have exerted a relatively modest impact on sample 
selection. More important is the potential for uncontrolled socioeconomic confounding 
associated with the differential evacuation of islanders prior to the occupation (see Table 1 
[4]), and this remains an issue that warrants further data collection and analysis. This aside, 
the results of these analyses provide the strongest evidence to-date that exposure to the 1940-
45 occupation and siege during childhood, adolescence and early adulthood is associated with 
cardiovascular disease and mortality in later life, and that these associations appeared 
unrelated to events in utero associated with pre-occupation birth weight. Moreover, these 
results, when set against the early analyses of the Midwife Cohort (using screening data from 
the Guernsey Chest and Heart Association) and from the Birth Registration and Volunteer 
Cohorts, do call into question the validity of their findings, given that they found no evidence 
that islanders exposed to the occupation had elevated blood pressure/diagnosed hypertension 
or total blood cholesterol levels – both of which are established risk factors for cardiovascular 
disease [37, 38]. This may reflect both differences in statistical power and sampling, 
particularly since the Guernsey Chest and Heart Association focuses on offering primary 
screening and would not ordinarily provide data on Channel Islanders who had had a prior 
cardiovascular event requiring admission to hospital. Elsewhere, the evidence on blood 
glucose concentration, BMI and the prevalence of obesity in all three Cohorts seem largely 
concordant with the analyses of hospital admission and mortality data in the Midwife Cohort, 
and given the issues with sampling in these analyses, it seems likely that these less subtle 
markers of substantive metabolic risks of cardiovascular disease [39] and premature mortality 
[40] may be more likely to be detected in smaller samples prone to selection bias than blood 
pressure or total blood cholesterol levels. At the same time, and notwithstanding the strong 
potential for selection bias, the significantly lower overall self-reported health status observed 
in the analyses of the Volunteer Cohort might actually reflect an accurate assessment by 
questionnaire respondents of the longer term effects of the occupation on health in later life 
and/or prospective longevity. 

 
 

Conclusion 
 
The Channel Islands Occupation Birth Cohorts Study has thus far explored the 

relationship between birth weight and exposure to the 1940-45 German occupation of the 
Channel Islands amongst a range of cohorts across a range of health outcomes. The difficulty 
of identifying Channel Islanders exposed and unexposed to the occupation, and linking them 
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to suitable sources of health data (and data on potential confounders), have limited both the 
power and precision of analyses to-date. Analyses on small, self-selected samples of 
islanders, with self-reported data on birth weight and health outcomes, have thus far provided 
only a limited insight into the developmental origins of health and disease in this population. 
Indeed, the most consistent findings relate to the absence of any association between birth 
weight (both before and during the period of the occupation) and health in later life. While 
there is some evidence of an elevated risk of metabolic disorders and obesity amongst 
Channel Islanders exposed to the occupation in early life, the most robust analyses involve 
‘hard outcomes’ (hospital admissions for cardiovascular disease and adult mortality), both of 
which were significantly higher amongst Channel Islanders exposed to the occupation in early 
life, with the highest risks observed amongst those resident in urban parishes at birth, where 
the scarcity of off-ration foods during the occupation and siege is reported to have been most 
pronounced [6]. 

Ongoing research aims to extend these findings to analyses of more Channel Islanders 
from Jersey, including a larger sample of unexposed individuals identified from the 
‘permission to return’ forms that have recently been released for consideration by the Study. 

And while the search for documented birth records containing measurements of birth weight 
and clinical assessments of gestational age at birth continues, the successful matching of 
maternal reports of previous birth outcomes located at the Princess Elizabeth Hospital offers 
another opportunity to assess the absence of any association between birth weight 
/development in utero and the subsequent health of Channel Islanders. Nonetheless, these 
analyses will aim to build on recent reviews and critiques of similar ‘natural experiment’ 

studies [14, 41] and avoid our hitherto unhelpful pre-occupation with foetal development and 
birth weight. 
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