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Abstract

Background: Existing studies of the 1944-45 Dutch famine found little evidence of the
association between early life malnutrition and midlife cognition.

Methods: Among 2446 rural participants born between 1958 and 1963 in the China
Health and Retirement Longitudinal Study, we examined effects of exposure to China’s
1959-61 Great Leap Forward famine during prenatal and early postnatal life, on four
cognitive measures in 2011 (baseline) and changes in cognition between 2011 and 2013
(first follow-up). We obtained difference-in-differences (DID) estimates of the famine
effects by exploiting temporal variation in the timing and duration of famine exposure
across six birth cohorts born between 1958 and 1963, together with geographical
variation in famine severity at the prefecture level.

Results: After adjusting for gender, marital status and provincial fixed effects, we found
that the 1961 cohort who experienced full-term prenatal and partial-term postnatal expos-
ures to famine had lower scores on the Telephone Interview of Cognitive Status (TICS), a
test of drawing pentagons, and general cognition at age 50 years compared with the un-
exposed 1963 cohort. Adjusting for education, the famine effects on drawing pentagons
and general cognition were fully attenuated, but the effect on TICS persisted. We also
found a robust negative famine effect on the longitudinal change in general cognition
during the 2-year follow-up in the 1959 cohort.

Conclusions: Severe nutritional deprivation during prenatal and postnatal periods has a
lasting impact on cognitive performance in Chinese adults in their early 50s.
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Key Messages
* Early life exposure to famine is negatively associated with baseline cognition in midlife and change in cognition over
a 2-year follow-up period.
* The estimation of famine effect is sensitive to measures of cognition.
* We also found evidence of mortality selection among the famine survivors at work.
Introduction

Cognition involves the mental capacity to acquire and process
information, to learn and reason, and to apply knowledge
and make use of experiences to solve problems.' For the eld-
erly, cognitive decline implies reduced ability to plan and
manage the demands of many daily tasks and ultimately to
live independently and care for oneself.? Understanding the
causes of cognitive decline has important policy implications
for successful ageing in high-income countries® and in low-
and middle-income countries like China, where population
ageing is accelerating.”

From a life course perspective, malnutrition experienced
in utero has been hypothesized to have a lasting impact on
cognitive function in later life through both biological and
socioeconomic pathways.”™ Prenatal nutritional depriv-
ation may have a lifelong impact on cognition by damaging
normal biological conditions such as disrupting fetal brain
development and increasing the risk of neurodevelopmen-
tal anomalies.® Prenatal malnutrition may also harm
human capital development and lead to poor educational

=11 which in turn increase the risk of cogni-

achievement,
tive problems in old age.'”™* Nevertheless, empirical
evidence for the long-term effect of prenatal malnutrition
on later life cognition remains scarce.

Using the 1944-45 Dutch famine as a natural experi-
ment, an earlier study reported no differences in average
IQ (measured by scores on the Raven Progressive Matrices
test) or prevalence of mental retardation at about age 19
years between those exposed to famine i1 utero and those
unexposed.® A recent study of the Dutch famine adminis-
tered a well-established battery of cognitive tests to a non-
representative sample of 946 famine survivors when they
were 59 years old.” After comparing them against 890 men
and women born immediately before or after the famine
(from 1943 to 1947), no effect of prenatal malnutrition was
found for the majority of the cognitive measures except a
reduction in a measure of general cognition with famine ex-
posure in early gestation (weeks 1-10) and an unexpected
increase in a measure of memory encoding (immediate
words recall) with famine exposure in later gestation (weeks
31 to delivery). In a separate but comparable Dutch famine
study, a selective sample of 737 participants born from

1943 to 1947 were administered a battery of cognitive tests
when they were 56-59 years old.® Similarly, no association
was found between prenatal exposure to famine and all but
one cognitive measure—those exposed to famine during
the first and second trimesters performed worse on the se-
lective attention task compared with the unexposed cohorts
(i.e. those born before or conceived after the famine).

This study seeks to advance the literature by examining
the effects of prenatal and early postnatal exposure to the
1959-61 Chinese famine on cognitive functioning at 48-53
years of age and on cognitive decline over a 2-year follow-
up period. The Chinese famine was jointly caused by natural
disaster and policy mistakes made during the Great Leap
Forward (GLF) campaign launched in 1958," and thus is
also known as the GLF famine. The GLF famine is charac-
terized by its greater magnitude relative to other famines in
terms of duration (3 years), geographical scope (pandemic
as opposed to endemic) and level of damage (16.5-30 mil-
lion excess deaths, with a mortality rate of over 3.0%).'% 7
One recent study found that prenatal exposure to the GLF
famine was associated with a decreased score of the Mini-
Mental State Examination (MMSE) but not associated with
scores of the Montreal Cognitive Assessment, logic memory
test or Stroop colour-word test.'® Another study reported
that prenatal exposure to the GLF famine was negatively
associated with scores of the Stroop colour-word test and
the trailing-making test, but not associated with general in-
telligence, short-term or long-term memory or visuospatial
skill.'” These two studies rely on either a household sample
recruited in a single county or a clinical sample recruited
from tertiary hospitals in multiple regions, restricting the
generalizability of their findings.

We drew on data from a nationally representative
survey of middle- and older-aged Chinese adults. We com-
pared cognitive scores across multiple birth cohorts born
between 1958 and 1963, who varied in both the timing
and the duration of the famine exposure. Some of these
cohorts experienced prolonged malnutrition during both
the prenatal and postnatal periods. Such cumulative expos-
ure to an adverse early life environment could further

8

exacerbate cognitive deficits.” Within each cohort we

exploited, additionally, geographical variation in the
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intensity of famine exposure by comparing those born and
living in areas hit harder by the famine with those in less
affected areas. We expect that early life exposure to the
GLF famine is detrimental to midlife cognitive function.
We also expect the negative famine effect to be stronger
for longer duration of exposure and higher level of famine
severity.

Methods
Study participants

We used individual-level data from the 2011 baseline and
2013 follow-up surveys of the China Health and Retirement
Longitudinal Study (CHARLS), a nationally representative
longitudinal survey of adults aged 45 years and older and
their spouses, if available. CHARLS sampled 17 708 resi-
dents from 150 counties across 28 provinces in China, with a
response rate of 80.5%.2° We focus on six birth cohorts born
between 1958 and 1963. The 1958 cohort experienced
famine-induced malnutrition during the first 3 years of life.
The 1959 cohort experienced prenatal exposure to famine ei-
ther partial (conceived in 1958 and born in early 1959) or
full term, as well as early postnatal exposure from birth to
age 2 years. The 1960 cohort was fully exposed to famine in
utero and during the first year of life. The 1961 cohort

CHARLS 2011 full sample
N=17,708

!

Born between 1958-1963

experienced prenatal exposure to famine full term and post-
natal exposure before age 1 year. The 1962 cohort only expe-
rienced partial prenatal exposure to famine (conceived in
1961 and born in early 1962) when the GLF campaign ap-
proached its end. The 1963 cohort served as the reference
group, since they were not exposed to famine at all.

Figure 1 illustrates the derivation of our analytical sam-
ple. In the CHARLS baseline survey, 3546 participants were
born between 1958 and 1963. Among them, 3038 partici-
pants were born and lived in rural mainland China during
childhood and hence were hit harder by the famine
than their urban peers, who were protected through state-
controlled food rationing. We dropped 307 participants
whose birth prefecture was unknown because they had
moved since birth. For the main analysis, we dropped 285
participants who had missing data on all the cognitive meas-
ures or any covariate. To maximize statistical power, we
allowed the analytical sample size to vary depending on the
number of valid responses for each cognitive measure. As a
result, the sample sizes ranged from 2255 to 2446 for analy-
sing baseline cognition. In the analysis of cognitive change
over the 2-year follow-up, we further excluded 366 baseline
participants who were not tracked in 2013. Attribution
was adjusted by using the CHARLS longitudinal weights.
The longitudinal sample sizes ranged from 1887 to 2037,
depending on the cognitive measure of interest.

N=3,546 Excluding:
1 *  Urban origin: N = 505
v *  Rural/Urban origin unknown: N=3
Rural origin
i Excluding:
,L *  Birth prefecture unknown: N = 307
Born in the same prefecture
as current residence -
N=2731 Excluding:
< +  Missing data on all the cognitive scores: N =284
+  Missing data on any covariate: N=1
L 2
2011 baseline sample > * TICS: N = 2,446
N=2,446 +  Episodic memory: missing data N = 191; valid N = 2,255
* Draw pentagons: N = 2,446
*  General cognition : missing data N = 191; valid N = 2,255
| Excluding:
*  Lost to follow-up: N =366
L 4 +  TICS: missing data N = 43; valid N = 2,037
2011-2013 panel sample .| * Episodic memory: missing data N = 192; valid N = 1,888
N=2,080 "]+ Draw pentagons: missing data N = 43; valid N = 2,037
* General cognition: missing data N = 193; valid N = 1,887

Figure 1. Flow chart of study participants.
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Measures

Cognition

We constructed four cognitive scores in similar ways as
other CHARLS studies of cognition.”"** The measure of
Telephone Interview of Cognition Status (TICS) captures
intact mental status and consists of five items on time orien-
tation (awareness of the year, month and day of today’s
date, the day of the week, and the season of the year) and
five items from the serial-7s test. The value of the summed
TICS score across these individual items ranges from 0 to
10 (Cronbach’s alpha = 0.8). Episodic memory was meas-
ured by the average score of immediate and delayed recalls
of 10 words. The measure of visuospatial skills is dichotom-
ous, indicating whether participants were able to redraw a
picture of two overlapped pentagons shown to them. The
measure of general cognition was calculated as the sum-
mary score of the three measures above, ranging from 0 to
21 and reflecting participants’ overall cognitive status.

Famine severity
To measure famine severity, we derived prefecture-level co-
hort size shrinkage indices (CSSI) from the publicly available

1% sample of the 1990 China Population Census.”*** Let

]
nonfamine

ing the 3 years preceding the famine (1956-58) and the 3

denote the average cohort size of those born dur-

years after the famine (1962-64) in the jth prefecture, and
N}C - ine denote the average cohort size of those born during
the 3 famine years (1959-61). The CSSI for the jth prefecture

is calculated as a ratio:

nonfamine

N. .
: famine  100% (1)

nonfamine

CSSI; =

where a larger value indicates a greater reduction in cohort
size due to reduced fertility and increased infant mortality,
both presumably induced by the GLF famine.>>™*° We
matched prefecture-level CSSIs to the CHARLS respond-
ents based on their self-reported birth prefecture. Measures
of cohort loss such as CSSIs can more or less capture fam-
ine severity under the assumptions of accurate census data
on fertility and mortality, stable secular trends in fertility
and mortality in the counterfactual absence of the famine,
and strictly restricted migration. Previous demographic re-
search on the GLF famine suggests that these assumptions
are reasonably met for the cohort-loss measure calculated

from the 1% sample of the 1990 census.*®>”

Control variables

Both gender (male = 1 and female = 0) and marital status
(= 1if married and living with spouse, and 0 otherwise) were
coded as dichotomous variables. Educational attainment was

divided into three groups: no formal schooling, middle school
or less, and high school or beyond. Provincial fixed effects
were captured by dummy variables for all the provinces but
one as the reference group.

Statistical analyses

We employed a difference-in-differences (DID) method
that exploited both cohort and geographical variations in
famine exposure to estimate the effects of the GLF famine.
Let y;;, denote a cognitive outcome for ith participant born
in prefecture j and year k (kth birth cohort), Xj;. denote
the control variables and ¢ be a random error; a
regression-based DID estimator can be obtained from:

1962
yik = o0 +ou1CSSL; + Z y,Cohorty,
k= 1958

1962 (2)
+ > B(CSSI x Cohorty)
k = 1958

+0Xiik + &ijk

where f;, the coefficients of the interaction between birth
cohorts and CSSI, is the DID estimate of the famine effect
on later life cognition. When we entered mean-centred
CSSI in the model, B, represents the average famine effect
across prefectures on cognition corresponding to a one
unit change above or below the average CSSI.

To estimate the famine effects on cognitive decline
during 2011-13, we fitted change score models:*®

1962

Yiik,2013 — YVijko11 = 0o + o1 CSSI; + Z yp Cohort,,
k= 1958

1962
+ > B(CSSI; x Coborty)
k= 1958
+ 06Xk 2011 + Eijk
(3)

where the dependent variable is the change in cognition for
the same person from the baseline (y;j2011) to the follow-
up survey (Yiix2013)-

We estimated two models for each outcome variable.
The first model only controlled for gender, marital status
and provincial fixed effects. The second model additionally
controlled for educational attainment, as a potential medi-
ator of the relationship between famine exposure and cogni-
tive ability. Estimation of the famine effect in Model 2 is
subject to endogenous selection bias if education is a collider.
Nevertheless, the famine-induced economic hardship and so-
cial disorder had a detrimental impact on education supply,
in the form of a substantial decline in teacher attendance and
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a sharp increase in school closures, particularly in rural
areas.”"*” The loss of educational opportunities and the re-
sulting lower educational attainment for those who were
born and grew up in the famine period have been linked to
lower cognitive abilities at older ages. Model 2 may help in-
form whether part of the negative famine impact on cogni-
tion is channelled through reduced educational attainment.
However, Model 1 would be more correct than Model 2 if
education is a collider that should not be controlled for. In
this study, we cannot ascertain which model is more accurate
if the results differ between Models 1 and 2. We chose to fit
both models as a sensitivity analysis.

We calculated P-values based on robust standard errors
that adjust for the potential correlation of observations
clustered within the same prefectures. We accounted for
sample selection and missing data by applying the survey
weights provided by the CHARLS team. Specifically, we
used the baseline individual-level weights with household
and individual non-response adjustment for modelling
baseline cognition. These weights were constructed by the
CHARLS research team and calculated as the product of
the household sample selection weight, an inverse prob-
ability weighting factor for household non-response,
and an inverse probability weighting factor for individual
non-response conditional on household participation.®’
We used the individual-level longitudinal weights for mod-
elling cognitive change over the 2-year follow-up period.
These weights were also constructed by the CHARLS
research team. The longitudinal weights were calculated as
the baseline weights multiplied by an inverse probability
weighting factor which was constructed from a logit
regression of whether a respondent participates in the se-
cond wave conditional on the participation in the base-

31

line.”" These weights were designed to adjust for

individual non-response and longitudinal attrition.

Results

Descriptive statistics

Table 1 reports cohort-specific descriptive statistics of the
cognitive measures in 2011 and 2013, as well as those of
the control variables. Without further stratifying each
cohort by degree of prefecture famine severity, between-
cohort differences in all the cognitive measures appeared to
be modest at best. All six cohorts also resembled each other
in terms of gender composition (roughly 44-47% men)
and marital status (about 86-90% married and living with
spouse) except that the 1958 cohort consisted of more men
(57.28%) than women. The majority of our analytical
sample (over 80%) did not attend high school. The refer-
ence cohort (born in 1963 without any famine exposure)

had the lowest proportion of illiterate members (12.94%)
but also the lowest proportion of high school graduates or
beyond (13.28%).

Among the 114 prefectures in our analytical sample, the
value of CSSI ranged from 8.6 to 79.8%, with a mean of
40.9% and standard deviation (SD) of 14.9%. Figure 2 de-
picts prefecture-level spatial variation in CSSI. Regional
clusterings of high CSSI, corresponding to severe famine
both within and across provincial boundaries, are visually
notable. Mixed colours in any given province also suggest
that within-province variation in CSSI was quite common
even in the least (green) or hardest (red) hit provinces.

Regression estimates

Tables 2-3 show the main coefficient estimates of interest,
By, as specified in equations (2) and (3), which represent the
DID estimates of the famine effects on cognitive measures.
With respect to the baseline cognition (Table 2), we found
negative effects of full-term prenatal exposure to famine
and postnatal exposure before age 1 year on TICS, draw-
ing pentagons and general cognition in the 1961 cohort
(Model 1). The negative effects on drawing pentagons and
general cognition were fully attenuated after controlling
for education in Model 2, but the effect on TICS remained
significant (fi1967 = —0.030, P = 0.002). Given that
the SD of TICS was 2.57 in the 1961 cohort, the average
TICS score would be reduced by about 0.17 SD
(= —0.030 x 14.9/2.57) for every one SD increase in
CSSI( =
and postnatal exposure to famine also negatively affected
TICS in the 1960 cohort (Model 1, Bi9¢9 = —0.027,
P = 0.076), but the effect was fully attenuated after con-
trolling for education.

14.9%) across all prefectures. Full-term prenatal

By contrast, the 1959 cohort showed a higher score of
general cognition compared with the reference cohort both
before (Model 1, 1959 = 0.033, P = 0.076) and after
controlling for education (Model 2, fi95¢ = 0.039,
P = 0.009). Given that the SD of general cognition was
3.76 in the 1959 cohort, this estimate amounted to a 0.15
SD ( = 0.039 x 14.9/3.76) difference in general cogni-
tion per one SD difference in CSSI.

Turning to the longitudinal analysis (Table 3), we found
little effect of early life exposure to famine on changes
in cognitive measures between 2011 and 2013, with one
exception. In the 1959 cohort, partial-term prenatal expos-
ure to famine and postnatal exposure from birth to age 2
years would reduce general cognition by 0.17 SD
(= —0.044 x14.9/3.76) on average per one SD increase
in CSSI. This impact was partially mitigated after
controlling for education (Model 2, fi959 = —0.043,
P = 0.052).
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Table 1. Cohort-stratified distributions of cognitive test scores among rural Chinese

Pre-famine Born during the famine period Post-famine
1958 cohort 1959 cohort 1960 cohort 1961 cohort 1962 cohort 1963 cohort
Mean (SD) N Mean (SD) N Mean(SD) N Mean(SD) N Mean (SD) N Mean(SD) N
2011 baseline
TICS (range: 0-10) 6.89 404 7.06 327 7.14 307 7.22 291 7.44 522 7.30 595
(2.80) (2.63) (2.74) (2.57) (2.59) (2.50)
Episodic memory (range: 0-10) 3.55 377 3.65 293 3.82 277 3.52 269 3.98 493 3.90 546
(1.60) (1.60) (1.71) (1.52) (1.66) (1.74)
Draw pentagons (binary: 0/1)  0.69 404 0.67 327 0.72 307 0.70 291 0.74 522 0.72 595
(0.46) (0.47) (0.45) (0.46) (0.44) (0.45)
General cognition (range: 0-21) 11.37 377 11.40 293 11.81 277 11.55 269 12.18 493 12.06 546
(3.79) (3.76) (4.00) (3.55) (3.74) (3.50)
2013 follow-up
TICS (range: 0-10) 6.67 338 7.09 281 6.93 258 7.04 246 7.15 436 7.36 478
(2.98) (2.82) (2.73) (2.70) (2.73) (2.63)
Episodic memory (range: 0-10) 3.59 338 3.73 280 3.87 258 3.85 246 4.04 436 3.99 479
(1.68) (1.85) (1.88) (1.69) (1.76) (1.78)
Draw pentagons (binary: 0/1)  0.61 338 0.65 281 0.71 258 0.68 246 0.73 436 0.75 478
(0.49) (0.48) (0.46) (0.47) (0.45) (0.43)
General cognition (range: 0-21) 10.86 338 11.48 280 11.50 258 11.58 246 11.91 436 12.11 478
(4.11) (4.23) (4.05) (3.96) (4.01) (3.92)
Baseline control variables %o Y% Y% Y% %o Y%
Male 57.18 44.34 46.58 45.70 46.36 44.71
Living with spouse 87.38 87.77 89.25 86.25 88.70 89.75
Education
No formal education 23.02 26.30 20.52 16.49 15.90 12.94
< = Middle school 60.64 54.74 55.05 66.67 66.67 73.78
> = High school 16.34 18.96 24.43 16.84 17.43 13.28

Sensitivity checks

We first assessed the impact of missing data by repeating
the same analyses as shown in Tables 2-3 after performing
multiple imputations. We generated 10 replicated datasets
for the missing data on cognitive measures from which we
combined the estimates of coefficients and standard errors
according to Rubin’s rule.®” The results on the baseline
cognition, reported in Table 4, presented the same pattern
as that shown in Table 2. Before adjusting for education,
we found similar negative effects of full-term prenatal
exposure to famine and postnatal exposure from birth to
age 1 year in the 1961 cohort on TICS, drawing pentagons
and general cognition as that shown in Table 2. After
adjusting for education, only the effect on TICS persisted
(Brog1 = —0.027,P = 0.017). The 1959 cohort showed
a higher score of general cognition after controlling for
education (1959 = 0.034,P = 0.038).

Similar to the pattern shown in Table 3, we found no
firm evidence of any long-term famine effect on cognitive
change over the 2-year follow-up after multiple imput-
ations, except for the 1959 cohort (Appendix Table A1,

available as Supplementary data at IJE online). In the 1959
cohort, partial-term prenatal exposure to famine and
postnatal exposure from birth to age 2 years would reduce
general cognition by 0.17 SD ( = —0.042 x 14.9/3.76)
on average per one SD increase in CSSI.

We then assessed the potential problem of famine-
induced differential population attrition, by fitting the same
models to the urban sample in CHARLS as we did to the
rural sample. The rationale is that with a priori knowledge
that the urban population experienced much lower mortal-
ity during the GLF famine, we may be able to infer the pres-
ence of both a negative cognitive effect of prenatal famine
exposure from the urban sample (if we find negative results)
and a positive mortality selection effect from the rural
sample (if we find null or positive results).** In the urban
sample, the 1962 cohort showed lower baseline scores of
TICS and general cognition (see Appendix Table A2, avail-
able as Supplementary data at IJE online) and both the
1960 and 1961 cohorts experienced a decline in episodic
memory between the baseline and the follow-up (Table A3,
available as Supplementary data at IJE online).
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Prefecture-level CSSI

| 1st quartile: < 27%
2nd quartile: 27-37%
' 3rd quartile: 38-47%
= 4th quartile: > 47%
Prefecture Boundary
PoLr 0 Provincial Boundary

Figure 2. Geographical distribution of cohort size shrinkage index at the prefecture level.

Discussion

The biological basis of cognition is amenable to interventions
to the extent that a wide range of factors such as parenting
styles, nutritional intake, exposure to environmental pollu-
tion, health behaviours and socioeconomic status have been
linked to either cognitive development in early life or cogni-
tive decline in later life, or both.**** These non-biological
factors are modifiable, which in turn can induce cognitive
change. For this study, malnutrition during the prenatal and
early postnatal periods may disrupt the normal process of
brain development by altering brain structure and neuronal
connectivity.’*>® According to the life course model of
health,? the resulting negative impact on mental perform-
ance and cognition may have long latency periods before its
manifestation in adulthood. Using the 1944-45 Dutch fam-
ine as a natural experiment, earlier studies of the life course
consequences of prenatal nutritional deprivation with respect
to neuropsychiatric outcomes focused on one specific dis-
order—schizophrenia.**** More recent studies have shifted
attention onto subtle deficits in cognitive functioning in
middle age,®” although they all found a lack of long-term as-
sociations for most of the cognitive measures being studied.
We have contributed to the literature in several ways:

First, we turned to an alternative famine event that
occurred in recent human history—China’s 1959-61 fam-
ine. As Susser and St Clair argued,'” we would be in a bet-
ter position to strengthen the inference about long-term
effects of famine exposure by comparing concordant or
discordant results from different social and historical con-
texts. The longer duration of the GLF famine relative to
the Dutch famine enables us to investigate famine exposure

in not only the prenatal but also the postnatal periods.
Second, unlike the two recent Dutch famine studies that
relied on simple cohort comparisons, we additionally ex-
ploited the spatial variation in famine severity across about
a third of China’s vast geography (= 118/347 prefectures)
and employed a DID estimation strategy to better control
for unobserved between-cohort differences due to non-
famine factors.*>>*® Third, unlike the two recent GLF fam-
ine studies that relied on non-representative samples,''?
we improved the generalizability of our findings by:
(i) drawing on a nationally representative sample of mid-
dle- and older-aged Chinese adults with a high response
rate (80.5%), compared with military or regional samples
with lower response rates (60% or below) in the Dutch
famine studies; (ii) applying survey weights to adjust for
individual non-response and longitudinal attrition; and
(iii) conducting sensitivity checks regarding missing cogni-
tive scores. Lastly, we examined the famine effects not only
on later life cognition measured at one point of time but
also on cognitive decline over a 2-year follow-up.

Using the 2011 baseline data, we found robust evidence
of the scarring effects on multiple cognitive measures at
about 50 years of age in the 1961 cohort, which experi-
enced full-term prenatal and postnatal exposure to famine
before age 1 year. The negative effects on two cognitive
measures were no longer evident after controlling for edu-
cation. This could be due to an endogenous selection bias,
because recent studies have shown that prenatal exposure
to the GLF famine reduced educational attainment,”>> 47
which in turn diminished cognitive abilities at older
ages.">'* However, it is also possible that people with
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Table 2. OLS regression estimates of famine effects on later-life cognition in 2011

Cognition in 2011 TICS Episodic memory Draw pentagons General cognition
Coef. P-value Coef. P-value Coef. P-value Coef. P-value
Model 1 (reference cohort: 1963)?
P1953(CSSI x 1958 cohort) -0.010 0.417 0.004 0.643 0.000 0.890 —0.003 0.862
(—0.035,0.014) (—0.013,0.021) (—0.004, 0.004) (—0.038,0.032)
B19se(CSSI x 1959 cohort) 0.010 0.415 0.014 0.159 0.003 0.304 0.033 0.076
(—0.015, 0.035) (—0.006, 0.034) (—=0.002, 0.008) (—0.004, 0.070)
B196o(CSSI x 1960 cohort) -0.027 0.076 0.008 0.477 -0.003 0.266 -0.019 0.443
(—0.058, 0.003) (—0.014, 0.029) (—0.007, 0.002) (—0.069, 0.030)
Br9e1(CSSI x 1961 cohort) —0.038 0.000 0.000 0.987 —0.004 0.034 -0.037 0.043
(—0.058, —0.018) (—0.023,0.023) (—0.007, 0.000) (—0.073, —0.001)
P1962(CSSI x 1962 cohort) —0.007 0.505 0.005 0.598 0.001 0.557 0.002 0.912
(—0.026,0.013) (—0.014, 0.024) (—0.003, 0.005) (—0.032,0.035)
Model 2 (reference cohort: 1963)P
P1953(CSSI x 1958 cohort) —0.003 0.774 0.007 0.414 0.001 0.785 0.009 0.545
(—0.025,0.018) (—0.010, 0.024) (—0.004, 0.005) (—0.021, 0.040)
B1ose(CSSI x 1959 cohort) 0.016 0.121 0.015 0.123 0.003 0.145 0.039 0.009
(—0.004, 0.036) (—0.004, 0.034) (—0.001, 0.008) (0.010, 0.068)
B196o(CSSI x 1960 cohort) -0.018 0.175 0.011 0.263 —0.001 0.520 —0.006 0.766
(—0.044, 0.008) (—0.008, 0.031) (—0.005, 0.003) (—0.045,0.033)
B19¢1(CSSI x 1961 cohort) —0.030 0.002 0.002 0.838 -0.003 0.116 —0.023 0.197
(—0.048, —0.011) (—0.021, 0.026) (—0.006, 0.001) (—0.059,0.012)
B1962 (CSSI x 1962 cohort) -0.007 0.436 0.003 0.735 0.001 0.506 —0.001 0.951
(—0.026,0.011) (—0.015, 0.022) (—0.002, 0.005) (—0.033,0.031)

Numbers in the parentheses are 95% confidence intervals.

Coef, coefficient; CSSI, mean-centred cohort size shrinkage index at the prefecture level.

?Adjusted for cohort, CSSI, gender, marital status, provincial fixed effects.
"Model 1 + additionally adjusted for education.

higher cognitive abilities are more likely to have higher lev-
els of education. If this is the case, the estimates from
Model 2 would be biased and we should refer to the esti-
mates from Model 1 as the correct results. It is beyond the
scope of the current study to pinpoint the specific mechan-
isms linking famine exposure to educational attainment.
One study suggested that the negative impact of the GLF
famine on education was driven by the loss of schooling
opportunities rather than nutritional deprivation,*'
whereas another study showed that the opposite was
true.*” Nevertheless, the negative effect on TICS persisted
for the 1961 cohort after controlling for education. This
robust finding against the potential endogenous selection
bias provides strong evidence of an early onset of cognitive
deficits in middle age (50 years) caused by early life
malnutrition.

We found no significant effects of famine exposure in
the 1962 cohort. This result was reassuring, because the
1962 cohort experienced much less famine exposure
during the prenatal period compared with the 1959-61 co-
horts, and no exposure during the postnatal period. But
how do we interpret the positive effects on certain cogni-

tive measures in the 1959 cohort and the lack of effects in

the 1960 cohort? One plausible explanation involves the
possibility of mortality selection effect at work. Among
the three famine cohorts studied here, the 1959 cohort had
the worst famine experience, followed by the 1960 cohort.
In order to be recruited into the CHARLS sample, mem-
bers of the 1959 cohort had to survive severe malnutrition
not only in utero but also throughout the first 2 years of
their lives (1960-61), perhaps the most critical and yet vul-
nerable period of human development after birth.** By
contrast, members of the 1961 cohort only had to survive
malnutrition #1 utero and during the first year of their lives
for us to observe them. In other words, there might be a
gradient of the overall effect of mortality selection—the
1959 cohort suffered the most and the 1961 suffered the
least, with the 1960 cohort in between. As a result, the sur-
viving 1959 cohort may consist of ‘the fittest of the fittest,’
followed by the surviving 1960 cohort. Our empirical
estimate of the famine effect would reflect a mixture of a
positive mortality selection effect and a negative cognition
effect.***” We observe an overall positive effect of famine
on cognition when mortality selection dominates the
cognition-damaging effect (the 1959 cohort), an overall
effect the cognition-damaging effect

negative when
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Table 3. OLS regression estimates of famine effects on later-life cognitive decline during 2011-2013

Cognitive change during 2011-13 TICS Episodic memory Draw pentagons General cognition
Coef. P-value Coef. P-value Coef. P-value Coef. P-value
Model 1 (reference cohort: 1963)?
B1oss (CSSI x 1958 cohort) 0.007  0.679 0.002 0.874 0.002 0.565 0.012 0.591
(—0.025, 0.038) (—0.022, 0.025) (=0.005, 0.008) (—0.033, 0.058)
B19se(CSSI x 1959 cohort) —0.026 0.126 -0.019 0.170 —0.005 0.222 —0.044 0.042
(—0.059, 0.007) (—0.046, 0.008) (—0.013, 0.003) (—0.087, —0.002)
B19go(CSSI x 1960 cohort) —0.001 0.910 0.007 0.601 —0.002 0.488 0.001 0.947
(—0.027, 0.024) (—0.020, 0.035) (—0.008, 0.004) (—0.035, 0.038)
Br9e1(CSSI x 1961 cohort) 0.013 0.346 —0.005 0.719 0.000 0.949 0.004 0.863
(—0.015, 0.041) (—0.033, 0.023) (—0.008, 0.008) (—0.041, 0.049)
P06 (CSSI x 1962 cohort) ~0.012 0.275 0.005 0.615 ~0.001 0.663 ~0.008 0.620
(—0.035, 0.010) (—0.015, 0.026) (—0.007, 0.005) (—0.041, 0.024)
Model 2 (reference cohort: 1963)P
P55 (CSSI x 1958 cohort) 0.008 0.610 0.003 0.823 0.002 0.537 0.015 0.519
(—0.023, 0.039) (—0.021, 0.026) (—0.004, 0.009) (—0.031, 0.060)
Bro50(CSSI x 1959 cohort) ~0.025  0.141 ~0.018 0.189 ~0.005 0.210 ~0.043 0.052
(—0.059, 0.009) (—0.045, 0.009) (—0.013, 0.003) (—0.087, 0.000)
B196o(CSSI x 1960 cohort) 0.000 0.991 0.008 0.563 —0.002 0.525 0.004 0.840
(—0.026, 0.026) (—0.019, 0.035) (—0.008, 0.004) (—0.034, 0.041)
B19¢1(CSSI x 1961 cohort) 0.015 0.288 —0.004 0.792 0.000 0.947 0.007 0.755
(—0.013, 0.042) (—0.032, 0.024) (—0.008, 0.008) (—0.038, 0.052)
B19g2 (CSSI x 1962 cohort) -0.013 0.243 0.006 0.592 —0.002 0.600 —0.009 0.583
(—0.035, 0.009) (—0.015,0.026) (—0.008, 0.005) (—0.042, 0.024)

Numbers in the parentheses are 95% confidence intervals.

Coef, coefficient; CSSI, mean-centred cohort size shrinkage index at the prefecture level.

?Adjusted for cohort, CSSI, gender, marital status, provincial fixed effects.
"Model 1 + additionally adjusted for education.

outweighs mortality selection (the 1961 cohort) and lack
of effect when the two forces are equivalent (the 1960 co-
hort). Similar dose-response patterns are also observed in
other studies of the GLF famine. One study found an
increased risk of developing schizophrenia in early adult-
hood, due to prenatal famine exposure, only in the urban
population, but not in the rural population who suffered
the more severe famine.'® Another study found the GLF
famine impact on sex ratio at birth only evident in the
urban population but not in the rural population.®”

We found evidence of famine effect on decline in general
cognition between 2011 and 2013 for the 1959 cohort as
they grew from 52 to 54 years old. This finding is robust
against controlling for education and multiple imputations
for missing data. Despite having a higher general cognition
at the baseline due to positive mortality selection, the 1959
cohort was subject to prolonged malnutrition during early
life and likely impaired brain development. Being the oldest
famine cohort, they were likely the first to experience the
negative famine impact on longitudinal change in cognition
as the early life deficit in cognitive reserve was aggravated
by the ageing process.” On the other hand, the lack of

evidence for longitudinal change in other cognitive meas-
ures or in the other famine cohorts indicates that further re-
search is warranted to assess the validity of the cognitive
measures and the robustness of the results, as subsequent
waves of CHARLS are fielded and richer longitudinal data
become available over a longer period of time.

Similar to a handful of existing studies on the Dutch fam-
ine and the GLF famine, we found the estimate of the fam-
ine effect to be sensitive to the measure of cognition.
Cognitive neuroscience is still young, and the exact mechan-
isms linking specific brain structure and its development to
a particular cognitive ability remain uncertain. We can only
speculate possible explanations about the measurement-
dependent results. The TICS in our study captures both at-
tention and time orientation. Previous famine studies have
reported an increased risk of developing schizophrenia in
adulthood for the individuals conceived during the famine
period,'®*>°% implicating possible disruptive neurodevelop-
ment in the prefrontal cortex.’’ The prefrontal cortex is also
involved in executive functions including, among others,
selective attention. To the extent that TICS measures atten-
tional control and it is a subset of MMSE, our finding of the

Downl oaded from https://academ c. oup.confije/article-abstract/doi/10.1093/ije/dyx222/ 4602865

by Library user

on 08 Novenber 2017



10

International Journal of Epidemiology, 2017, Vol. 0, No. 0

Table 4. OLS regression estimates of famine effects on later-life baseline (2011) cognition after multiple imputations for missing

data
Cognition in 2011 TICS Episodic memory Draw pentagons General cognition
Coef. P-value Coef. P-value Coef. P-value Coef. P-value
Model 1 (reference cohort: 1963)?
P1955(CSSI x 1958 cohort) —0.007 0.571 0.004 0.624 0.000 0.937 0.000 0.997
(—0.030,0.017) (—0.013,0.022) (—0.004, 0.004) (—0.035, 0.035)
P1959(CSSI x 1959 cohort) 0.010 0.464 0.013 0.203 0.002 0.334 0.032 0.108
(—0.017,0.036) (—0.007, 0.034) (—0.003, 0.008) (—0.007,0.071)
B1ogo(CSSI x 1960 cohort) -0.026 0.090 0.007 0.529 —0.002 0.320 -0.019 0.444
(—0.056, 0.004) (—0.015,0.029) (—0.007, 0.002) (—0.067,0.030)
B19¢1(CSSI x 1961 cohort) -0.036 0.002 0.000 0.971 —0.003 0.072 —0.033 0.084
(—0.058, —0.014) (—0.022,0.023) (—0.007, 0.000) (—0.071, 0.005)
B1962(CSSI x 1962 cohort) —0.006 0.580 0.005 0.596 0.001 0.507 0.002 0.888
(—0.026,0.014) (—0.014, 0.024) (—0.002, 0.005) (—0.032,0.037)
Model 2 (reference cohort: 1963)P
P19s5s(CSSI x 1958 cohort) —0.001 0.936 0.006 0.507 0.001 0.670 0.008 0.586
(—0.022, 0.020) (—0.011, 0.022) (—0.003, 0.005) (—0.021, 0.037)
P1959(CSSI x 1959 cohort) 0.018 0.102 0.013 0.200 0.004 0.115 0.034 0.038
(—0.004, 0.039) (—0.007,0.032) (—0.001, 0.009) (0.002, 0.065)
P1960(CSSI x 1960 cohort) -0.017 0.208 0.011 0.287 —0.001 0.584 —0.005 0.804
(—0.043,0.009) (—0.009, 0.030) (—0.005, 0.003) (—0.044, 0.034)
Biog1 (CSSI x 1961 cohort) -0.027 0.017 0.001 0.948 —0.002 0.293 —0.025 0.178
(—0.049, —0.005) (—0.022, 0.024) (—0.006, 0.002) (—0.062,0.012)
B19g2(CSSI x 1962 cohort) -0.007 0.457 0.001 0.898 0.001 0.500 —0.005 0.779
(—0.026,0.012) (—0.018, 0.020) (—0.002, 0.005) (—0.039, 0.029)

Numbers in the parentheses are 95% confidence intervals.

Coef, coefficient; CSSI, mean-centred cohort size shrinkage index at the prefecture level.

?Adjusted for cohort, CSSI, gender, marital status, provincial fixed effects.
"Model 1 + additionally adjusted for education.

negative famine effect on TICS confirmed previous findings
on selective attention and MMSE from the Dutch famine
and the GLF famine.>'%!?

The cognitive abilities involved in the tasks of word recall
and drawing overlapped pentagons are verbal episodic mem-
ory and visuospatial skill, respectively. The medial temporal
lobe, a structure composed of the hippocampus and the
amygdala, is crucial in the formation of new episodic mem-
ory, and the occipital lobe is responsible for visual-cognitive
processes including pattern recognition and visual mental im-
agery.”! Both the hippocampus and occipital lobe are known
for their protracted postnatal development in childhood and
adolescence, and thus are susceptible to structural alterations
caused by environmental stress and stimulation until early
adulthood.>® In fact, being implicated in episodic memory
and spatial pattern separation, the dentate gyrus of the hippo-
campus is one of the few brain regions where neurogenesis
occurs throughout life.>® These features imply the possibility
of postnatal recovery of episodic memory and visuospatial
skill from the negative influence of prenatal malnutrition,
which also helps explain the consistent lack of evidence

for these two types of cognitive abilities in the current and
previous studies.

Unlike two famine studies that adopted a test of general in-
telligence designed for the general population, ®'” our meas-
ure of general cognition is a composite index of cognitive
tests designed to detect impairment. In a general population,
our measure of general cognition perhaps has limited meas-
urement sensitivity to fully capture heterogeneity in normative
cognitive ageing.”* However, in famine studies where re-
search participants suffered severe malnutrition in different
stages of early life, our measure of general cognition may bet-
ter discern between cognitive impairment and normal cogni-
tion. This could help explain why we found a negative famine
effect on longitudinal change in general cognition, whereas
others reported no effect on general intelligence.

Several study limitations are noteworthy. First, we do not
have data to accurately measure individual-level prenatal ex-
posure. Using CSSI as an ecological measure of famine sever-
ity at the prefecture level is a reasonable alternative, but may
conceal important individual heterogeneity within the same
region. Second, CSSI is estimated from government statistics
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that may be subject to falsification. Third, like other studies
of China’s 1959-61 famine,**>* we have difficulty
demarcating the timing of iz utero famine exposure due to
the lack of reliable and accurate vital statistics for this
period.'” Despite these limitations, our study has been
among the first to investigate the long-term cognitive conse-
quences of early life exposure to famine in a non-Western
context. Continued efforts are required to fully understand
the challenge of successful ageing among many older
Chinese adults whose cognitive decline may have accelerated
because of their frequent experiences of early life malnutri-
tion during China’s troubled early 20th century.
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