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Background Despite the perceived importance of early life nutrition for mental

Methods

Results

Conclusion

development, few studies have related gestational undernutrition to
later-life cognitive functioning. We investigated the consequences of
gestational exposure to the Dutch famine of 1944-45 for cognitive
functioning at the age of 59 years.

We recruited men and women who were (i) born in birth clinics in
Amsterdam, Rotterdam and Leiden, between January 1945 and
March 1946, whose mothers experienced famine during or imme-
diately preceding pregnancy (7 =354); (ii) born in the same three
institutions during 1943 and 1947, whose mothers did not experi-
ence famine during this pregnancy (7 =292); or (iii) same-sex sib-
lings of those in the first two categories (7=311). We assessed
cognitive performance at the age of 59 years by means of a com-
prehensive test battery.

All cognitive functioning test scores were within normal ranges for
this age group. There were no differences in cognitive performance
at the age of 59 years between individuals exposed to gestational
undernutrition and those without this exposure. For the general
cognitive index, a summary measure across six functional domains
(mean 100, standard deviation (SD) 15 points), famine exposure
was associated with a decrease of 0.57 points [95% confidence
interval (95% CI) —2.41 to 1.28] points. Individuals exposed to
famine in gestational weeks 1-10 had a cognitive functioning
index 4.36 (95% CI 8.04-0.67) points lower than those without
this exposure. Within-sibling-pair analyses gave consistent results.

We found no overall association between maternal exposure to
acute famine in pregnancy and cognitive performance of the off-
spring at the age of 59 years, but cannot rule out an association
specific to early pregnancy exposure.
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Introduction

During the first half of pregnancy, when neurogenesis
(6-18 weeks of gestation) and cell migration (until 26
weeks of gestation) take place,' the brain is particu-
larly sensitive to ionizing irradiation,® alcohol use,’
smoking,* drug abuse,” maternal influenza® and
stress.” In addition, nutrient availability may affect
the timing or quality of neural development and/or
alter neuronal membrane function and, thus, poten-
tially affect brain functioning and cognitive develop-
ment.® Well-controlled studies have shown that
periconceptional folic acid supplementation can pre-
vent neural tube defects,” that the risk of schizophre-
nia is elevated among individuals whose mothers
were exposed to severe famine in both The
Netherlands'® and China,'' and that post-natal nutri-
tional intervention among chronically undernourished
populations improves reading performance compar-
able with an additional year of schooling.'?

To date, the influence of overall maternal undernu-
trition during pregnancy on cognitive functioning of
the offspring has not been well examined. Cognitive
functioning is the net result of complex interactions
among genetic, biological and environmental expos-
ures experienced over the life course.'>'* Studies
that relate pre-natal and early post-natal undernutri-
tion to delayed cognitive and psychosocial develop-
are difficult to interpret, as the
observed associations may be confounded by social,
economic and family factors, including post-natal
compensation.'”

The Dutch famine in World War II (the ‘Hunger
Winter’” of 1944-45) provides a unique opportunity
to investigate the long-term consequences of under-
nutrition at defined stages of gestation. In earlier stu-
dies, there was no detectable adverse effect of
gestational undernutrition on IQ, assessed by Raven
Progressive Matrices scores among 19-year-old men,'®
and a change in one out of four selected measures
of cognition in 59-year-old men and women."’
We investigate in the current study whether severe
undernutrition of the mother immediately preceding
or during pregnancy affects cognitive function of their
offspring in late middle age, including a wide array of
functional assessments.

We hypothesized that wundernutrition during
sensitive periods of pregnancy, specifically exposure
to famine at Weeks 1-10 and Weeks 11-20 of gesta-
tion, would be associated with lower cognitive per-
formance compared with controls. This hypothesis is
based upon the knowledge that the neurogenesis of
cerebral cortical neurons and migration is largely
completed in the first half of pregnancy.'

Conversely, lack of an association of gestational
undernutrition with cognitive functioning at the age
of 59 years would suggest that adaptive mechanisms
in pregnancy can protect the fetus from maternal food
shortage.?”

Materials and Methods

Setting

During the Dutch Hunger Winter of 1944-45, the per
capita food availability was reduced dramatically as a
result of a German embargo on rail transport and a
relatively extreme winter, which led to frozen
canals.?’ The availability of food before, during and
after the famine has been reported widely else-
where.?*** Prior to this period, the Dutch population
had access to adequate food supplies. By November
26, 1944, official rations in the western Netherlands
had fallen below 900 kcal/day. They were as low as
500 kcal/day by April 1945. The famine ended imme-
diately after the liberation on May 5, 1945.

Selection of participants

We identified 3307 live-born singleton births at three
institutions in famine-exposed cities: the midwifery
training schools in Amsterdam and Rotterdam and
the university hospital in Leiden. We selected (i) all
2417 births between February 1, 1945 and March 31,
1946 (infants whose mothers were already ~2 months
pregnant when the famine started, or who conceived
during the famine or in the month following its end)
and hence were exposed to a ration of <1000 kcal/day
for at least 3 months of pregnancy and (ii) a sample
of 890 births from 1943 and 1947 (infants whose
mothers did not experience famine during this preg-
nancy) as time controls (Figure 1). The sample of
controls included an equal number of births for
each month, allocated across the three institutions
according to their size. At that time, the large majority
of deliveries (=>70%) were scheduled to occur at
home. The client mix at the two midwifery schools
consisted of low-risk pregnancies to women of lower
socio-economic status whose home environment was
unsuitable for delivery. The client mix in Leiden also
included higher-risk pregnancies identified during
pre-natal care and emergency admissions following
complications of labour or delivery.

Recruitment and examination

We provided the names and addresses at birth of all
3307 persons to the population register in the muni-
cipality of birth. According to the registry records, 308



Exposed group: clinic births Feb 1, 1945 — March 31, 1946
Time controls: clinic births 1943 or 1947 (sample)
Total clinic births

n=2417
n= 890
n=3307

4

Traced to current address in The Netherlands
n=2300 clinic births

Positive response to
invitation to study

n=751 clinic births + 324 siblings

(The date of birth of all siblings falls outside of
the famine exposure period)

4

Completed telephone n=718 clinic births + 313 siblings

interview

4

Attended clinic n= 658 clinic births + 313 siblings

examination

4

Complete information on n=638 clinic births + 308 siblings
cognition and other key

variables

Figure 1 Flowchart of participant selection, recruitment,
and examination

(9%) had already died in The Netherlands and 275
(8%) had emigrated. The population registry in
Rotterdam refused to trace 130 (4%) persons born
out of wedlock and for 294 subjects (9%) a current
address could not be located. Final address informa-
tion was obtained for 2300 offspring (68% of the
exposed individuals and 73% of the time controls).
All 2300 traced individuals were sent a letter of invi-
tation signed by the current director of the institution
in which they were born, a brochure describing the
study and a response card. We mailed one reminder
letter to non-responders. Initially, our study design
called for the recruitment of same-sex sibling pairs;
hence the lack of an available sibling was a reason for
ineligibility. We received a reply from 1767 people,
347 of whom expressed willingness to participate in
a telephone interview and clinical examination to-
gether with a same-sex sibling. In the end, 324 of
the siblings agreed to participate. Among the 1420
people who declined, 951 reported not having a
same-sex sibling available for study. To increase the
overall number of participants, we then attempted to
enrol these 951 individuals and 381 agreed to
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participate in full and 23 by responding to a mailed
questionnaire. This results in 1075 positive responses:
751 from the 2300 traced individuals and 324
same-sex siblings. We confirmed that the date of
birth of all siblings fell outside the famine exposure
period, for their use as unexposed controls.*!

We conducted a telephone interview and followed
this with an examination at the Leiden University
Medical Center in 2003-05. We scheduled each
member of a sibling pair independently; they were
permitted to attend together. Most of the examin-
ations were conducted within 6 weeks of the tele-
phone interview. The study protocol was approved
by the medical ethics committees of the participating
institutions. Participants provided verbal consent at
the start of the telephone interview and written in-
formed consent at the start of the clinical
examination.

Cognitive test battery

We administered a well-established battery of tests of
cognitive functioning.?”>~*’

Visual verbal word learning task

This test assesses learning capacity as well as recall
and retrieval from long-term memory.?® A set of 15
words was presented in a fixed order at 2-s intervals
in each of three trials. The words were all monosyl-
labic meaningful Dutch words that occur frequently,
are acquired early in life and easily evoke a mental
image. At the end of each trial, respondents were
asked to recall as many words as possible, regardless
of order. The total recall [word learning task (WLT)
(WLTtot)] over the three trials was used as a measure
of encoding. Twenty minutes after the last trial
(during which time other tasks were performed),
the subjects were asked to reproduce the set of
words [delayed recall (WLTdr)] to determine
memory retrieval. We used two parallel test versions
of the WLT in order to prevent exchange between
siblings and controlled for WLT test version in the
analyses.

The Stroop colour-word interference test

This measures selective attention.””>° The test con-
sists of three subtests, involving three cards displaying
40 stimuli each: colour names printed in black (sub-
task I), coloured patches (subtask II) and colour
names printed in one of the other colours (subtask
III). For subtask I, subjects had to read aloud the
printed items, for subtask II they had to name the
colour of the patches and for subtask III they had
to name the ink colour of the printed words. The
outcome of this test was the time (in seconds)
needed to complete each subtest. The mean speed
for subtasks I and II was used as a measure of general
information processing speed (Str12). The speed for
subtask III was used as a measure of colour word
interference susceptibility (Str3).
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The letter-digit-substitution-test

This is related to the Symbol-Digit Modalities Test de-
veloped by Smith,>!' which originates from the Digit
Symbol Test developed by Wechsler.*> The letter-
digit-substitution-test (LDST) measures the efficiency
of operations in working memory.>* At the top of the
test sheet, a box was presented in which nine numbers
were linked with nine letters in a random order.
Subjects were asked to copy as many corresponding
numbers as possible to boxes on the rest of the page
which contained only the letters. The total number of
correctly copied items in 1 min was used.

Verbal fluency

The participants completed a verbal fluency task®* as
a measure of retrieval from long-term semantic
memory. Subjects had to name as many animals as
possible within 1min. Verbal fluency is considered a
measure of the adequate, strategy-driven retrieval of
information from semantic memory. The number of
animals named was used.

General cognitive index
We constructed a single compound measure based on
the WLTtot, WLTdr, Str12, Str3, LDST and verbal flu-
ency (FLU). The WLTtot, WLTdr LDST and FLU were
direct-coded, with higher scores denoting higher cog-
nitive functioning, whereas the Str12 and Str3 are
measures of time and hence a higher score reflects
poorer functioning. The signs of the scores for the
Str12 and Str3 were reversed before computing the
general cognitive index (GCI). The GCI was calculated
as the sum of the standardized test scores and was
then itself standardized to a mean of 100 and a
standard deviation (SD) of 15.>°

Protocol adherence was scored on a six-point scale,
varying from ‘complete and reliable’ to ‘test not ad-
ministered’. The tests were administered according to
procedures developed for the Maastricht Aging
Study.’*>’

Other measures

Schooling attainment was coded according to an
eight-level classification:*® (i) elementary, (ii) lower
vocational, (iii) intermediate secondary, (iv) inter-
mediate vocational, (v) higher secondary, (vi) higher
vocational, (vii) university and (viii) scientific (PhD
level). For the present study, we categorized schooling
as low (levels 1-4) or high (levels 5-8).

Smoking status and alcohol consumption were as-
certained by questionnaire. We coded smoking as cur-
rent vs other. We categorized alcohol consumption as
21 or more drinks per week vs fewer than 21 drinks
per week.

We wused the Mini-Mental State Examination
(MMSE)?? to screen for an increased risk for demen-
tia and excluded the seven participants with an
MMSE score lower than 24.

Exposure to famine

As previously described,?*® we defined the start of
each gestation by the date of the mother’s last men-
strual period (LMP) as listed on the birth record,
unless this information was missing or implausible
(12%). In these cases, we approximated the date of
LMP from the date of birth and estimates of gesta-
tional age recorded on the birth record or from a ges-
tational age estimate based on sex- and parity-specific
birth weights of singleton live births at the
Amsterdam midwives school and the University of
Amsterdam Department of Obstetrics between 1931
and 1965 at each gestation between 24 and
46 weeks.*!

We characterized exposure to famine during gesta-
tion by determining the gestational ages (in weeks
after the LMP) during which the mother was exposed
to an official ration of <900kcal/day between
November 26, 1944 and May 12, 1945. We considered
the mother exposed in gestational weeks 1-10, 11-20,
21-30 or 31 weeks until delivery if these gestational
time windows were entirely included in this period.
Thus, pregnancies with LMP between November 26,
1944 and March 4, 1945 were exposed in Weeks 1-10:
between 19 September 19, 1944 and December 24,
1944, in Weeks 11-20; between July 10, 1944 and
October 15, 1944 in weeks 21-30; and between May
2, 1944 and August 24, 1944, in weeks 31 through to
delivery.

Because these time windows overlap, the partici-
pants can be considered exposed during none, one
or (at most) two 10-week periods; those exposed in
at least one 10-week period were considered to have
some exposure to famine. In addition, we defined a
period of exposure immediately prior to conception as
exposure to a ration of <900kcal/day for at least 10
weeks prior to the date of LMP. Conceptions between
February 3, 1945 and May 11, 1945 met this
definition.

Statistics

All data were entered in the database twice and
inconsistencies were checked against the original
coding sheets. No data transformations were con-
sidered necessary as the unstandardized residuals
were normally distributed. Statistical analyses were
performed using Stata (StataCorp, College Station,
TX, USA) using a significance level of P <0.05.

We used analysis of variance (ANOVA) and
Chi-squared tests to evaluate the differences in con-
tinuous and categorical distributions, respectively,
among the three groups (exposed, time controls,
sibling controls). We used linear regression analyses
to estimate the association between famine exposure
and cognitive performance at the age of 59 years. We
used the combined population of time and sibling
controls as the reference category and controlled for
family clustering using the cluster () option. We con-
trolled for age (centered), age® (centered; to account



for non-linear age effects), hospital of birth of the
hospital-born sibling, sex, alcohol, smoking and test
version (for WLTtot and WLTdr). We did not control
for attained schooling as this may be intermediate in
any pathway.

We used linear regression with dummy variables for
the four different exposure groups (exposed in Weeks
1-10, 11-20, 21-30 or 31 weeks until delivery) to in-
vestigate whether specific vulnerable or critical peri-
ods could be identified. We tested for overall
significance of the periods of gestational exposure
using a 4-degree of freedom (df) Wald test.

We replicated the above analyses using a within-
sibling-pair analysis. We computed the within-pair
difference in each measure of cognitive functioning
and used this as the dependent variable in regression
models together with the hospital of birth of the
hospital-born sibling and the within-pair differences
of the above covariates.

Results

Birth characteristics by follow-up status

Cumulative mortality was highest among probands
born in 1943 (10.4%) and lowest among probands
born in 1947 (6.0%). Emigrant status or other reasons
why a current address was not found did not differ by
year of birth or period of exposure to famine. There
were no clinically significant differences in mean
birth weight, crown-to-heel length, placental weight,
maternal age at delivery or birth order between the
birth records of participants traced to a current ad-
dress and those who had ecither died, emigrated or
had not been located. Similarly, there were no mean-
ingful differences between traced and untraced study
subjects or between interviewed and non-interviewed
subjects among those who were traced.?!
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Final sample for analysis

Nine hundred and seventy-one participants attended
the clinic for examination. We excluded 25 partici-
pants (MMSE <24 as an indication for dementia (2
exposed, 3 time controls, 2 siblings), not motivated (1
exposed, 2 time controls), not having Dutch as native
language (1 time control), having physical limitations
(1 exposed, 1 time control) or incomplete data on one
or more cognitive measures (5 exposed, 3 time con-
trols, 3 siblings). The final sample consisted of 946
individuals (Figure 1).

There were differences across the three groups in
age (Table 1). As reported previously, famine-exposed
participants were heavier than both the time and the
sibling control groups.**** Other characteristics were
similar across the three groups and were within the
ranges observed in other Dutch populations.?®>°3?

Exposure to famine and cognitive
functioning

Table 2 shows the cognitive test results for each of the
three exposure groups. There were no substantive dif-
ferences among the groups on any test and the GCI
for all three groups was within 0.8 points. Table 3
presents the results for the four gestational windows.
For each test and for the GCI, individuals exposed in
Weeks 1-10 had somewhat poorer scores than did
those with exposure in other periods and participants
exposed in later gestation had scores somewhat better
than those with exposure in other periods, but these
differences did not reach statistical significance (Wald
score for each test P>0.05). The difference in GCI
between individuals exposed in early vs late gestation
was 5.33 points (~1/3 SD).

Exposure to famine at any point during gestation
was associated with a 0.57 (95% CI —2.41 to 1.28)
point decrease in the GCI (Table 4). In the sibling-pair
analysis, any exposure to famine was associated with
a 1.03 (95% CI —4.97 to 2.91) point decrease in the
CGL

Table 1 Selected characteristics of 946 persons who completed cognitive testing in 2002-04, by exposure to the Dutch

famine of 194445

Exposed during Time Sibling
gestation (n =349) controls (n=289) controls (n=308) P-value?®
Age (years), mean =+ SD 58.9+0.5 58.8+1.6 573+6.3 <0.001
Male gender (%) 44.7 46.4 41.9 0.57
Education > category 5° (%) 26.4 31.5 30.2 0.41
Weight, mean=+ SD (kg) 83.0+15.1 80.5+£15.3 79.7+14.2 0.01
Height, mean £ SD (cm) 170.6 +8.9 171.54+9.0 171.7+8.9 0.37
BMI, mean +SD (kg/m?) 28.5+5.0 273+43 27.04+4.2 <0.001
Current smoker (%) 255 23.2 224 0.71
Alcohol consumption >21 drinks/week (%) 9.5 7.3 9.7 0.43

YANOVA (2 df) was used to evaluate the differences in age, weight, length and BMI. Chi-squared tests (2 df) were used for binary

variables.

Schooling attainment was coded according to an eight-level classification and recoded into low (levels 1-4) and high (levels 5-8).>
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300 pairs)

Estimate® (95% CI)
—0.22 (—2.02 to 1.57)
—0.02 (—0.86 to 0.82)
—0.28 (—1.84 to 1.29)
—0.06 (—0.96 to 0.85)

1.49 (—1.59 to 4.56)
—0.45 (—2.21 to 1.32)
—1.03 (—4.97 to 2.91)

Within-sibling pairs (n

946)

Estimate® (95% CI)
0.44 (—0.34 to 1.22)
0.07 (—0.31 to 0.46)

~0.13 (—0.90 to 0.64)

—0.03 (—0.41 to 0.36)
0.82 (=0.71 to 2.35)

—0.42 (—1.25 to 0.41)

—0.57 (=241 to 1.28)

Whole sample (n

Measure
WLTdr (number of words recalled after delay)

WLTtot (number of words recalled)
FLU (number of words in 1 min)
LDST (number filled in 1 min)

Strl2 (s)
Str3 (s)

Domain
Colour word interference susceptibility

Encoding

Semantic memory

General information processing speed
General cognitive index

Retrieval
Coding

Values represent within-pair difference (exposed—unexposed) in respective measure. Estimates were obtained by linear regression and were adjusted for hospital of birth of the

aValues represent differences from unexposed. Estimates were obtained by linear regression and were adjusted for age, age?, educational level, sex, alcohol intake, smoking,
hospital-born sibling and within-pair differences in the above covariates.

For WLTtot, WLTdr, FLU, LDST and general cognitive index, higher scores denote higher cognitive functioning; for Str12 and Str3, higher scores denote poorer cognitive
hospital of birth (Amsterdam, Leiden, Rotterdam, sibling) and where necessary test version and clustering of siblings.

Table 4 Association of maternal exposure to the Dutch famine during gestation with performance on measures of cognitive functioning at mean age 59 years among
functioning.

946 persons examined between 2003 and 2005
WLTtot, 15-Words Learning Task total recall;, WLTdr, 15-Words Learning Task delayed recall; Str, Stroop test; FLU, fluency task; LDST, Letter Digit Substitution Test.

Memory
Speed
Overall
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When the whole sample was considered in a single
model, maternal exposure in early gestation appeared
to be associated with somewhat poorer cognitive
functioning across all measures, although only some
estimates reached statistical significance (Table 5).
For the CGI, the estimate was a reduction of 4.37
(95% CI 0.67-8.04) points. We observed increases in
measures of cognitive functioning with exposure in
later gestation, which was for WLTtot statistically
significant [an increase of 1.44 (95% CI 0.37-2.51)
points]. The within-sibling-pair analysis was consist-
ent with these results (Table 6).

All the previous results were consistent with simpler
models that controlled only for age and sex. Finally,
there was no evidence of a statistical interaction
between sex and maternal exposure to famine on cog-
nitive performance of the offspring (P for heterogen-
eity all >0.2; data not shown).

Discussion

We investigated whether severe maternal undernutri-
tion during pregnancy would predict cognitive func-
tion of their offspring in late middle age. We observed
no association with exposure in pregnancy in general,
but cannot exclude that exposure to famine early in
gestation is associated with a small change in cogni-
tive performance at the age of 59 years.

Our study may be best understood within the
framework of the ‘cognitive reserve’ hypothesis,
which states that the cognitive performance of
people with reduced reserve may be more vulnerable
to age-related changes of the brain as compared with
people with normal reserve. Both biological and psy-
chological factors are important for development of
greater cognitive reserve.*> For optimal development,
the brain requires an adequate nutritional status in
order to provide suitable circumstances for dendritic
outgrowth, the formation of synaptic spines and de-
velopment of more efficient neuronal networks. A
brain that has developed optimally is better suited
to help the organism to adapt to a changing environ-
ment, to process information as efficiently as possible
and also to learn from experience. We hypothesized
that gestational undernutrition in crucial phases of
fetal development would have a major impact on
the development of essential structural elements of
the brain and thus constrain the biological boundaries
within which the brain develops. The resulting lower
capacity would lead to a lower brain reserve capacity
and hence to lower cognitive performance especially
in conditions in which the physiological processing of
the brain is compromised such as at older ages. Our
population was tested at average age of 59 years, an
age at which cognitive variability between individuals
has become substantial.***

The current study was well controlled and involved
a large sample (7 =946), providing adequate power to
observe moderate effect sizes. The quasi-experimental



INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

334

“(Jp ¥ 1591 prem) dnois e se paroprsuod amsodxo jo sporrad Imoj q[e Jo WONOSSE JO 1591,

-Surqrs uroq-tendsoy o) jo yiaq jo reyrdsoy pue uoneisas jo porrad 1oyjo Aue ur Surqrs uroq-reirdsoy o) Jo aurwrej o) aInsodxd ‘Oyejur [oyod[e pue d8e UT dDUIIIJJIP
red-urqm ‘rred 3ur[qrs 9yl jo xas 2yl I0j paisnfpe d1oM pue UOISSAISAI ILIUI AQ PIUTLIO dI9M SIIPWINSH dINSLIW 2ANDdsar ur duIIp Ied-urqim judsardar sanfea,
1591, monmmsqns 81 121197 ‘ISAT [ser Aouanyy ‘0T

090 (178 01 9¢7—) t8C (671 01 8T'8—) 6¥'¢— (059 01 L9°¢—) IFT (I8¢ 01 [6L—) SO T— XOpUT 2ANIUZ0D [eIIUID
[[e1AQ

L0 (65°€ 01 €T1—) 81T (680 01 6£°¢—) STI— (69T 01 L&1—) 1#0  (81'¢ 01 96T—) 11°0 (urw [ ur payy soqunu) 1SAT surpod

790  (99F% 01 ¥L°¢—) 9¥0  (¥9°9 01 280—) 16'C  (STE€ 01 69F—) TL0— (£5°G 01 L1'S—) 810 (s) ens Aqndadsns 20UIIDFIAIUI PIOM INO[OD

€0 (€60 01 26'T—) 0L°0— (10°C 01 L1'0—) T6°0 (61°0 01 €1'7—) L60— (€6'T 01 61°1—) LEO (s) zins  paads Surssadord uonEWIONUT [BIDUID
paads

190 (L6701 1I¢T—) €80  (6%°0 01 1€€—) IF1— (ST'T01681—) €10 (LOEC 01 1H'T—) TE0 (utwr [ ur sprom jo rpquinu) NTA Arowaw drjuewag

$8°0 (LT 01 201—) 210 (671 01 SL°0—) LTO (€9°0 01 $S'1—) 9% 0— (¥0°T 01 16°0—) LSO  (Ae[op I91je PI[[LIAL SPIOM JO IdqUNU) IPLTM [eASLOY

9.0 (I8¢ 0101'T—) 96T (66T 03 L£T—) 61°0— (0TT 01 ¥#¥'C—) €1'0— (8TT 01 20%—) L80— (par[edaI SpIoM Jo 1oqUINU) 101LTM Surpoouy
A1owwo

Pnead (1D %S6) aewnsy (ID %S6) 2rewnsy (1D %S6) srewnsy (1D %$6) orewmnsyg L2INSBIN urewoq
(671 =u) AATpPp  (6€1=1) 0€—1T SYPOM (TTI=1Uu) 0T-T1 SYPIM  (PL=1u) O1-T SPIM
01 1€ M

guriqrs uroq-reyrdsoy jo aimsodxd [euorjelsdas jo pordd

G00Z PUE €007 U9IMIDq paurwexd sired
Surqrs 00¢ uryim guruonduny 2AnIUZ0d Jo $1591 U0 dduewIofd Yim (uonelsad jo sporad diyoads ur 10 [[eI9A0) duTwe) ydIng 9y} 0} 2Isodxd Jo UOHPOSSY 9 J[qeL

600 > dx

“(Jp ¥ 1591 plem) dnois e se paropisuod amsodxd jo spotad Imoj e jo UONEDOSSE JO 1S9T,

"s3Ur[qrs jo SUIIdISN[D PUB UOISIA 1S9) AIBSSIOIU dIoUM pue (SUI[qIs “WepIdlioy ‘Udpo] ‘Wepliswy) yiiq jo [eidsoy ‘gurjows

‘O3BIUI [OYOD[e ‘XIS ‘[IAI] [eUONIEINPD ‘988 ‘OFe 10§ pIIsnpe d1om pue UuoIssIISIT 1edul] Aq Paure1qo d1om So1ewnsy “(¢09 = ) pIasodxaun woiy SOUIIHIP JudsIIddI san[eA,
‘uruonouny

2ANTU80d 1a100d 910UAP $2100S IPYSIY ‘¢1S pue IS I0J ZUruondunj IANIUZ0d I9YSIY 2J0UIP SAI0DS IAYSIY ‘Xopul 2ANTUS0d [e1duad pue [SAT ‘NTd ‘IPLIM “0ITTIM Iog
1591 doons ‘ns ‘[[eda1 pade[op ysel SuruIed] SPIOM-GI “IPLIM ‘[[ed21 [e101 ysel Suruied] SpIOM-ST ‘10ILTM

800 (61°S 01 1%#°0—) 6£C (80T 03 I1€H—) T9T— (¥E€¥ 01 0L 1—) TET  (L9°0— 01 $0'6—) «LEF— Xopur 2ANTUZ0D [eIdUID
[[e1rA0

620 (€81 01690—) 650 (280 01 9¢'T—) L£0— (08T 01 180—) 050  (S0°0— 01 $TE—) $9'1— (urwr [ ut paqyy Lqunu) 1SAT 3urpod

<60 (THT 01 $L7—) 91°0— (£5€ 01 08°0—) 9¢'T (80T 01 6£°7—) <T'0—  (6TF 01 €8°0—) €L'T (s) ¢ns Anpqndadsns 2USISJINIUI PIOM INO[OD)

700 (€070 03 90'T—) TS0~ (¥6°0 03 61°0—) L£0O ($0°0 03 9T'T—) 95°0— (641 03 11°0—) $6°0 (s) zins paads Zurssadoxd uoneuwrojur [RIUID
paads

290 (0S'T 01 99°0—) 20 (9970 01 ¥$'1—) ¥H0— (9%'1 01 11°1—) 81°0 ($5°0 01 79°7—) ¥0'1— (urw [ ur sprom jo qunu) N4 Aroww dnuewas

920 (111 03 20°0—) S50 (9570 03 L&0—) T0°0— (850 01 65°0—) 000—  (6€0 03 L6:0—) 62°0— (Ae[op I1d1je PI[[LIAL SPIOM JO dQUNU) IPLTM [eAdLIIOY

600 (1¢'z 01 ££0) ¥P' 1 (LOT 01 TU'T—) 20'0— (09T 01 9L°0—) TH0 (901 01 20'Z—) 8%°0— (Po[[eda1 SpIom Jo Idquinu) JOILTM Surpoouyg
ATOWoW

PNeAd (1D %S6) newnsy (1D %¢S6) 2rewnsy (1D %¢S6) arewnsy (1D %S6) Lrewnsg dInseaW urewoq
(6T1=1u) (6c1=1u) (cci=u) (pL=u)
ATDAT[PP 01 1€ YoM 0€-1T SYPM 0T-11 SPM 0T1-T SYoOM

aInsodxa [euorjelsag jo poudd

G00T PU® ¢00T UIM1I9Q paurwexd suosiad
9%6 duowe Furuonduny 2ANTUS0D Jo saInsedw uo duewrojrad yIm (uoneisasd jo sporrad d1yads Ur 10 [[eI9A0) durwe) YdINg Y} 01 2Insodxd Jo UoNenossy ¢ d[qeL



exposure is a particular strength, as is the use of sib-
ling controls, who share childhood home and other
environments that influence cognitive development.
For within-pair analyses, the available sample is
more limited.

Some potential threats to validity must nevertheless
be considered. Persons who were already suffering
from more cognitive dysfunction might have been
less willing to participate in the current study com-
pared with persons who were not. This potential bias
is unlikely, however, as our data show no difference
in important baseline characteristics comparing traced
and untraced persons or interviewed and non-
interviewed persons and do not show any difference
in participation rates by time-period of pre-natal ex-
posure. Still we cannot exclude a possible underre-
porting effect of this factor. In the current study, we
focus on maternal famine exposure during pregnancy
as the primary risk factor for offspring cognitive per-
formance in late adulthood. Famine exposure is not
just a period of undernutrition and relevant exposures
might also include mental stress and exposure to cold.
Study participants will have been exposed, further-
more, to additional risks and protective factors
during life. In the current study, these aspects were
controlled by including both time controls and sibling
controls, achieving considerable control for genetic as
well as social and economic factors. Finally, the preg-
nant women in our study were exposed to an acute
famine of limited duration brought about by condi-
tions of war.

Although we have no direct birth or childhood
measures of brain functioning, our results seem to
reaffirm the understanding that the developing brain
is somewhat protected against maternal nutritional
deprivation in later gestation, provided that the psy-
chomotor stimulation of the baby is adequate.*® Our
results speak only to famine exposure during gesta-
tion and hence should not be generalized to the ef-
fects of chronic undernutrition as occurs in
developing countries, nor with chronic malnutrition
in Western populations in special categories such as
in anorexia patients.

Our results extend the findings of Stein and col-
leagues who investigated 125000 male recruits at age
19 years'® and did not find an effect of exposure to the
Dutch famine on adult mental performance. The ab-
sence of significant associations in the study of Stein
could have been due to the age of the participants as,
at the age 19 years, cognitive development is still a
dynamic ongoing process, as brain development is
now known to proceed until the third decade of
life;*” or it could have been due to the limited sensi-
tivity of the assessment tool, the Raven Progressive
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Matrices test, to assess executive functioning. The
rationale behind the present study was that a subtle
effect of severe maternal undernutrition on brain
development during pregnancy might eventually
become evident in a phase where age-related deterior-
ation in the physiological functioning of many organs
is occurring.

In a recent report of individuals born during the
Dutch famine, 737 men and women from
Amsterdam were examined at the age of ~59 years
on four measures of cognition.'” No association was
seen with a general intelligence test, a memory task
or a perceptual motor learning task. A Stroop-like se-
lective attention task was associated with pre-natal
famine exposure. This was interpreted as an early
manifestation of accelerated cognitive aging after
pre-natal famine. This test was differently operationa-
lized in comparison with the original Stroop test as
used in our study which might explain the inconsist-
ent results.

It remains uncertain whether these results would
differ if the study were to be repeated at a later age,
when individual differences are likely to be larger.
Therefore, there are good reasons to repeat this
study again in the future and to then also evaluate
other, more sensitive, indicators of limited brain re-
serve capacity such as neuroenergetic problems, de-
pressed mood states or mild cognitive impairments
and complaints.

In conclusion, we found no overall association be-
tween maternal exposure to acute famine in preg-
nancy and cognitive performance of the offspring at
the age of 59 years, but cannot rule out an association
specific to early pregnancy exposure.
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KEY MESSAGES

unexposed same-sex siblings.

deficit in cognitive functioning.

e Individuals exposed to famine during gestation do not differ in cognitive functioning at mean age of
58 years compared with individuals born before the famine or conceived after it, or compared with

e This analysis confirms earlier observations of no changes in measures of intelligence among military
recruits examined at the age of 18 years, extending the period of observation through middle age.

e We can not rule out that exposure to famine very early in gestation may be associated with a small
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