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ABSTRACT  An influ en tial lit er a ture on the Developmental Origins of Health and Disease 
(DOHaD) has documented that poor con di tions in utero lead to higher risk of car dio
vas cu lar dis ease at older ages. Evidence from lowincome countries (LICs) has hith erto 
been miss ing, despite the fact that adverse in utero con di tions are far more com mon in  
LICs. We find that Malawians exposed in utero to the 1949 Nyasaland fam ine have bet
ter car dio vas cu lar health 70 years later. These find ings high light the poten tial con text 
spec i fic ity of the DOHaD hypoth e sis, with in utero adver sity hav ing dif fer ent health 
impli ca tions among aging LIC indi vid u als who were exposed to per sis tent pov erty.

KEYWORDS  Earlylife influ ence on laterlife health  •  Barker hypoth e sis  •  Developmental  
ori gins of health and dis ease  •  Cardiovascular health  •  SubSaharan Africa

Introduction

To the best of our knowl edge, this is the first study to doc u ment the last ing effects of 
severe earlylife adver sity on health at older ages in a lowincome coun try (LIC) cohort 
that has expe ri enced extreme pov erty through out life (Figure 1, panel a). Contrary to 
the pre dom i nant find ings from higher income con texts (Ford et al. 2018; Lumey et al. 
2007), our ana ly ses show that per sons exposed to in utero adver sity dur ing the 1949 
Nyasaland  fam ine  in Malawi have bet ter  car dio vas cu lar health at older ages:  they 
have lower blood pres sure (panel b), reduced agerelated increase in blood pres sure 
(panel c), lower lev els of blood sugar, and fewer stroke symp toms. This result is not 
driven by mor tal ity selec tion, but is pos si bly due to pre dic tive adap ta tion responses 
(Gluckman and Hanson 2004) con sis tent with the Barker hypoth e sis (Barker 1995): 
severe earlylife adver sity in these cohorts might have resulted in increased resilience 
that par tially protected indi vid u als dur ing lives with fre quent expo sures  to pov erty 
and  adverse  shocks. Against  the  odds,  in  this  context with wide spread  life  course 
adversities and high lev els of earlylife to mid life mor tal ity, indi vid u als exposed to 
the Nyasaland fam ine maintained (rel a tively) bet ter car dio vas cu lar health across mul
ti ple domains com pared with their peers with less severe in utero adversities.
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a. Malawi GDP comparison
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b. Systolic blood pressure (BP)
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Fig. 1  (a) GDP per capita of the 50 poorest countries in the 1950s, based on crosssectionally and longi
tudinally comparable income data over the period 1950–2018; (b) systolic blood pressure among MLSFH 
respondents; and (c) annual change in systolic blood pressure during 2013–2017. Panel a data are based 
on the Maddison Project Database 2020 (Bolt and van Zanden 2020). Panel b results are based on an 
ordinary  leastsquares  regression of  systolic blood pressure  for year pairs  (e.g., 1939 and 1940, 1941 
and 1942), gender, region of residence, birth, and a dummy variable for whether the survey was admin
istered in 2017 or 2019. The reference category corresponds to the cohorts with likely in utero exposure 
to the famine, that is, 1949 and 1950. Panel c results are based on an ordinary leastsquares regression 
of the change in systolic blood pressure from 2013 to 2017 on year pairs, gender, region of residence, 
and birth. The reference category corresponds to the cohorts with likely in utero exposure to the famine. 
Panel b and c graphs show 95% confidence intervals with standard errors clustered at the year pair level.  
BP = blood pressure.

(continued)
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c. Annual change in systolic BP 2013–2017
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Fig. 1  (continued)

The first 1,000 days of life, from con cep tion to age 24 months, is a period of tre
men dous phys i o log i cal and neu ro log i cal devel op ment (Engle et al. 2007; Grantham 
McGregor et al. 2007). This is also a period of great vul ner a bil ity in which earlylife 
adversities may result in longterm health and socio eco nomic con se quences (Hoddinott  
et al. 2013). In what became known as the Barker (or Developmental Origins of Health 
and Disease, DOHaD) hypoth e sis, a series of stud ies on the impor tance of in utero 
nutri tion for health at older ages documented that earlylife dep ri va tion is asso ci ated 
with the onset of a num ber of chronic con di tions in latemid dle age, includ ing cor o
nary heart dis ease, dia be tes, and hyper ten sion (Barker 1995; Barker et al. 1990). The 
hypoth e sized mech a nism under ly ing these earlylife ori gins of laterlife health is that 
dif fer ent phys i o log i cal sys tems and organs—includ ing the car dio vas cu lar sys tem— 
may not recover from inad e quate nutri tion at crit i cal peri ods in fetal devel op ment and 
infancy, which causes longrun health prob lems from being sub se quently exposed to 
a “stan dard” diet (Barker 1995; Hoffman et al. 2017). High rates of car dio vas cu lar 
dis ease among older per sons in mid dleincome countries are par tially attrib uted to 
this mech a nism (NCD Risk Factor Collaboration 2017).

The  impacts  of  these  earlylife  influ ences  are  not miti gated  by  adult  socio eco
nomic sta tus or health behav iors; instead, they inter act. The thrifty phe no type con cept 
(Wells 2007),  for exam ple,  implies  that expo sures and behav iors  later  in  life (e.g., 
diet, phys i cal activ ity, and socio eco nomic con texts) mod ify the longterm impli ca
tions of earlylife adversities:  the greater  the dis crep ancy between early child hood 
nutri tional dep ri va tion and rel a tive nutri tional afflu ence in later life, the greater are 
the con se quences on laterlife health.

Most  DOHaD  research  has  focused  on  mid dle  and  highincome  countries 
(MHICs), where cohort stud ies allow link ages between earlylife events and health 
at older ages (Hoffman et al. 2017). Several stud ies have documented the neg a tive 
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effects of earlylife adver sity on health out comes later in life by inves ti gat ing major 
dis rup tive  events,  such  as  the  Dutch  fam ine  at  the  end  of World War  II  (Lumey 
et al. 2007), the 1918 influ enza pan demic (Almond 2006), and the Great Depression 
(Duque and Schmitz 2020). However, these find ings are mixed. Some highincome 
coun try stud ies have shown null effects,  includ ing the absence of ele vated latelife 
mor tal ity after fam ine expo sure (Kannisto et al. 1997) or lack of worse health among 
chil dren born dur ing the Amer i can Dust Bowl (Cutler et al. 2007). Frequently cited 
find ings  about  the  neg a tive  socio eco nomic  con se quences  of  expo sure  to  the  1918 
influ enza pan demic (Almond 2006) have also been called into ques tion, and ana ly ses 
that con trol for the lower socio eco nomic sta tus of exposed indi vid u als have not found 
neg a tive effects of expo sure to the 1918 pan demic (Beach et al. 2022).

The  under rep re sen ta tion  of  LICs  in  this  research,  how ever,  is  unfor tu nate  for 
two rea sons. First, glob ally, major sources of neg a tive nutri tional shocks in the first 
1,000 days are weather fluc tu a tions, which are likely to become more extreme over 
time (Watts et al. 2018). Despite the greater vul ner a bil ity of LIC pop u la tions to such 
fluc tu a tions in early life, few stud ies have documented their life course impacts. We 
there fore  lack  ade quate  evi dence on  the  longlast ing  influ ences of weatherrelated 
earlylife shocks among a large and grow ing pop u la tion that was highly sus cep ti ble 
to such shocks: indi vid u als born in LICs and now reaching older ages.

Second, the focus on MHICs also implies that ana ly ses might miss impor tant con
text spec i fic ity in the effects of earlylife adversities on laterlife health (Hoang et al. 
in press). Importantly, existing MHIC stud ies mostly inves ti gated indi vid u als whose 
earlylife adversities were followed by bet ter—and often con sid er ably bet ter—health 
and socio eco nomic con texts dur ing later child hood, adult hood, and old ages (e.g., the 
Dutch hun gerwin ter cohort (Lumey et al. 2007), indi vid u als born dur ing the Great 
Depression in the 1930s (Duque and Schmitz 2020), or indi vid u als born dur ing the 
early 1900s in countries that expe ri enced sub stan tial devel op ment dur ing the sec ond 
half of the twen ti eth cen tury (Kannisto et al. 1997)). The expe ri ences of these cohorts 
dif fer dra mat i cally from the expe ri ences of the global poor upon reaching older ages: 
their lives were char ac ter ized by pov erty and adversities through out (see Figure 1, 
panel a). For exam ple, the indi vid u als stud ied in the cur rent research lived most of 
their lives in sub sis tenceagri cul tural con texts with per cap ita incomes of less than 
$1 per day (National Statistical Office (Malawi) 2018). Cohort mem bers were born 
when under5 mor tal ity was almost one out of three (≈35%) (United Nations 2019), 
and they have sur vived sustained pov erty, repeated fam ines, and the HIV/AIDS epi
demic. For many in this cohort, this expo sure to repeated adversities through out the 
life  course has given  rise  at  older  ages  to  accel er ated  aging  that  entails  an  ear lier 
onset and faster paceofdecline of phys i cal, men tal, and cog ni tive health (GBD 2019 
Diseases and Injuries Collaborators 2020; Koyanagi et al. 2018; World Health Organ
ization 2015).1

1  In Malawi, eco nomic con di tions may have slightly improved in urban areas and for the youn ger cohorts, 
though much less than in most other countries with a sim i lar per cap ita income in the 1940s. However, 
in our study pop u la tion of older indi vid u als liv ing in rural vil lages, con di tions remained poor through out 
their lives. For exam ple, in our sam ple, only 3% have sec ond ary edu ca tion and less than 2% have access 
to  the elec tric ity grid.  In gen eral,  food secu rity remains an  issue, as evidenced by  the fam ines of 2002 
(Kamkwamba and Mealer 2016) and 2013.
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1751Barker’s Hypothesis Among the Global Poor

Earlylife adversities may have dif fer ent con se quences on adult health in LICs as 
com pared to MHICs. On one hand, such adversities might mat ter less in LICs, where 
adversities  are  com mon  through out  the  life  course; on  the other hand,  indi vid u als 
exposed to severe in utero adversities might be bet ter protected from worse health at 
older ages if their life course includes repeated or sustained expo sure to adversities. 
According to the pre dic tive adap tive responses hypoth e sis (Gluckman and Hanson 
2004) and in line with the Barker hypoth e sis, a fetus affected by an adverse envi ron
ment responds by mak ing devel op men tal adap ta tions to improve the odds of sur vival 
under anal o gous con di tions after birth. If such con di tions do reoccur, then such indi
vid u als may be more resil ient  than indi vid u als  liv ing in the same envi ron ment but 
who expe ri enced bet ter con di tions in utero. These adap ta tions may pro vide ben e fits 
that are not imme di ate but that could prove help ful in a future envi ron ment (Lucas 
1991). This pos si bil ity has been  raised  in  the DOHaD  lit er a ture,  in part  from ani
mal stud ies  that have documented pre dic tive adap tive responses based on  in utero 
envi ron ments (e.g., in utero nutri ent dep ri va tion linked to adap ta tions for a lim ited 
post na tal diet) (Hoffman et al. 2017; Monaghan and Haussmann 2015). Protective 
health effects of earlylife adversities  in severely dis ad van taged pop u la tions, how
ever, have rarely been found. Such pat terns are dif fi cult to detect given the focus in 
DOHaD  research  on MHICs, where  earlylife  adversities were  often  followed  by 
improved cir cum stances in later life. One excep tion is Barnes et al. (2012), who found 
that earlylife adver sity has pro tec tive effects on cog ni tion  later  in  life for Afri can  
Amer i cans, while no asso ci a tion was found for White indi vid u als.2

The 1949 Nyasaland Famine

Malawi is among the poorest countries in the world, with a GDP per cap ita of around 
4% of the global aver age (Kohler et al. 2020). Now, as in the 1940s, eco nomic activ
ity is cen tered on rainfed agri cul ture. Maize is the main crop, and sweet pota toes and 
cassava are sec ond ary crops. Tobacco has been the main cash crop since the early 
twen ti eth cen tury, cre at ing sig nifi  cant com pe ti tion for land. All crops are planted at 
the  start of  the  rainy  sea son, which  runs  from Novem ber  to April  (see Figure S1, 
shown in the online sup ple ment, along with all  other fig ures and tables des ig nated 
with an “S”); har vest time is between April and August. This har vest needs to last for 
a year until the end of the next grow ing sea son, resulting in an annual “hun ger sea
son” from Decem ber, when food supplies tend to start run ning low, until the next har
vest. Our study cohort was selected to rep re sent this rural con text where the major ity 
of Malawians  (85%)  live  in con di tions  sim i lar  to  those  in other  rural  subSaharan 
Afri can LICs.

While fam ines occur with some reg u lar ity in Malawi and have been fea tured in the 
arts (the film The Boy Who Harnessed the Wind, based on the book by Kamkwamba 
and Mealer 2016), the 1949 fam ine was an out lier (Vaughan 1987), as it was pre ceded 
by lower than aver age rain fall in 1948 that led to poor har vests and depleted maize 

2  In  the Barnes et al.  (2012) study, how ever, earlylife adversities are assessed by ask ing  ret ro spec tive 
ques tions about the child hood envi ron ment and are not spe cific to the in utero period on which the DOHaD 
lit er a ture is often focused.
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1752 A. Ciancio et al.

reserves. Following dimin ished rain fall in the first part of 1949, the extremely poor 
1949 har vest occurred at a time when stored food was already almost exhausted. This 
cul mi na tion of two years of exceed ingly low rain fall resulted in the nearly com plete 
loss of the 1949 har vest, extending the annual hun ger sea son from late 1948 until the 
new har vest in April 1950. While poor rains trig gered the fam ine, as in other cases 
(Sen 1982), the impacts were exac er bated by other fac tors: lim ited access to farm
land, poor man age ment by colo nial author i ties who failed to keep suf fi cient maize 
in  stor age,  and  a  fail ure  to  ade quately  import  food  (Vaughan 1987). Even  though 
accounts of the fam ine focus on the Southern Region of Malawi, the resulting cri sis 
was a national one: weather data show much lower than usual lev els of pre cip i ta tion 
in  the Central  and Northern Regions as well  (Figure S2),  colo nial har vest  records 
point to clear impacts in the Central Region in addi tion to the Southern Region, and 
maize prices increased across the coun try as a result of redis tri bu tion efforts within 
the con text of severely lim ited national food supplies (Vaughan 1987).

Methods

To iden tify the longterm health effects of the Nyasaland fam ine, our ana ly ses inves
ti gate indi vid u als who were affected by the fam ine in utero. The Malawi Longitudinal 
Study of Family and Health (MLSFH) (Kohler et al. 2015; Kohler et al. 2020) pro vi des 
a rare dataset enabling these ana ly ses because it (1) cap tures older respon dents, who 
are often omit ted in LIC sur veys; (2) pro vi des exten sive—and often lon gi tu di nal— 
health mea sures that cover all  aspects of the met a bolic syn drome (hyper ten sion, dia
be tes, heart dis ease, and obe sity), as well as  infor ma tion on mor tal ity after enroll
ment in the study; and (3) includes study areas—Balaka in the Southern Region and 
Mchinji in the Central Region—that expe ri enced the larg est short falls in rain in 1949, 
while respon dents in Rumphi in the Northern Region were affected by the national 
food  sup ply  cri sis  and  over all  eco nomic  hard ships  that  resulted  from  the  fam ine 
(Vaughan 1987).

Since the fam ine lasted from the start of  the hun ger sea son of 1948/1949 (with 
severe hun ger begin ning in late 1948) to the har vest of 1950 (in the mid dle of that 
year), we con sider indi vid u als born in 1949 and 1950 as hav ing expe ri enced in utero 
expo sure to the fam ine. We com pare these indi vid u als with respon dents born within 
±10 years of the 1949 fam ine. The main out come var i ables of inter est are sys tolic/ 
dia stolic blood pres sure and blood glu cose mea sured dur ing 2013–2018. Secondary 
out comes are anthro po met ric mea sures and symp toms of heart dis ease and stroke.

Malawi Longitudinal Study of Family and Health

The MLSFH is a pop u la tionbased cohort study with 12 rounds of data col lec tion that 
pro vi des a  rare  record of more  than  two decades of demo graphic,  socio eco nomic, 
and health  con di tions  in one of  the world’s poorest  countries  (Kohler  et  al.  2015; 
Kohler  et  al.  2020). While  the MLSFH  is  not  nation ally  rep re sen ta tive,  com par i
sons with the rural sam ples of the Malawi DHS (National Statistical Office (Malawi) 
and ICF Macro 2011) and IHS (National Statistical Office (Malawi) 2012) con firm 
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1753Barker’s Hypothesis Among the Global Poor

that the MLSFH study pop u la tion con tin ues to match closely the char ac ter is tics of 
nation ally rep re sen ta tive sur veys (Kohler et al. 2015; Kohler et al. 2020). The ini tial 
MLSFH sam ple was established using a clus terran domsam pling strat egy (Mchinji 
and Rumphi) and by draw ing a sub set of an ear lier rep re sen ta tive pop u la tion sur vey 
(Balaka).  Importantly  for  this  study,  in  2008  the MLSFH  added  a  sam ple  of  par
ents of  the orig i nal MLSFH respon dents  to  increase  the suit abil ity of  the MLSFH 
for study ing inter gen er a tional aspects and the health of older indi vid u als. Currently, 
the MLSFH study pop u la tion has been followed up until 2019 (includ ing migra tion  
fol lowups), with 2012–2018 data col lec tions focus ing on a sub set of MLSFH respon
dents aged 45+, and the 2019 data col lec tion fol low ing up on the remaining MLSFH 
respon dents (includ ing older respon dents who pre vi ously were not included). Cohort 
Profiles (Kohler et al. 2015; Kohler et al. 2020) pro vide detailed infor ma tion about 
sam pling, study instru ments, attri tion/fol lowup rates, and data qual ity. Nonmor tal ity 
related attri tion among MLSFH respon dents is not dif fer ent for respon dents with  
in utero  expo sure  to  the  fam ine  as  com pared  with  their  peers  born  in  the  years 
before or after the 1949 fam ine, while the mor tal ity among fam ineaffected respon
dents is lower (Table S1). Our anal y sis sam ple for Tables 2 and 3 con sists of about 
850 MLSFH respon dents born in 1939–1960 (1949 ± 10 years). Robustness tests use 
MLSFH respon dents born in 1929–1970 (1949 ± 20 years) (Table S2).

Outcomes

The main out come var i ables of inter est in our study are sys tolic/dia stolic blood pres
sure and blood glu cose. Secondary out comes of inter est include anthro po met ric mea
sures (weight, height, and waist and hip cir cum fer ence) and selfreported symp toms 
of heart dis ease and stroke. Systolic and dia stolic blood pres sure were col lected in 
2013,  2017,  and  2019,  each  round  mak ing  three  mea sure ments  using  upperarm 
blood pres sure mon i tors. We take the aver age of the three mea sures and deter mine 
hyper ten sion stages 1 + 2 (sys tolic ≥ 130 mm Hg or dia stolic ≥ 80 mm Hg) and stage 
2 (sys tolic ≥ 140 mm Hg or dia stolic ≥ 90 mm Hg).3 Fasting blood glu cose lev els 
were  col lected  in  2017. We  clas sify  dia be tes  as  blood  glu cose ≥  7 mmol/L  and 
(pre)dia be tes as glu cose ≥ 5.6 mmol/L. Body mass index (BMI) was cal cu lated from 
mea sured height and weight. Measured waist and hip cir cum fer ences were com bined 
to con struct the waisttohip ratio (2017 only). Symptoms of stroke were taken from 
the Questionnaire for Verifying StrokeFree Status (QVSFS) (Jones et al. 2001) and 
included sud den weak ness in one part of the body, sud den numb ness in one part of 
the body, sud den loss of vision, and sud den loss of abil ity to speak or abil ity to under
stand. For symp toms of heart dis ease, we relied on the World Health Organization 
Rose Angina Questionnaire, which elicited expe ri ence of chest pain, exer tion, and 

3  The MLSFHMAC (Mature Adults Cohort) screened all  respon dents for high blood pres sure in 2013, 
2017, and 2019 fol low ing the pro to col established by the U.S. Health and Retirement Study (HRS) and 
using an Omron HEM780 blood pres sure mon i tor (or com pa ra ble device). Three mea sure ments by trained 
study per son nel were taken on the respon dent’s left arm, about 45 sec onds apart, toward the end of the 
inter view. Data recorded for each mea sure ment included sys tolic and dia stolic blood pres sure, pulse, and 
the time of day the read ing was taken. The same model was used over time.
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1754 A. Ciancio et al.

symp tom res o lu tion and pro vi des a 0/1 indi ca tor of heart dis ease (Cook et al. 1989). 
We used  the num ber of  stroke  symp toms,  the pres ence of any  symp toms, and  the 
Rose angina index as sec ond ary out comes in our ana ly ses. In all  cases, when mul ti ple 
health mea sures were avail  able for an indi vid ual, we selected the most recent avail 
able mea sure to assess the effect of the fam ine. In addi tion, for blood pres sure, we 
also com puted the annual changes in blood pres sure dur ing 2013–2017 (for respon
dents sur veyed in 2013 and 2017 only; for those sur veyed in 2019, no prior blood 
pres sure mea sure ments were avail  able).

The study pop u la tion is char ac ter ized by a rel a tively high prev a lence of hyper ten
sion, despite the rel a tive absence of risk fac tors such as Western diets or obe sity (only 
5% of  indi vid u als  in  the sam ple are clas si fied as obese using BMI) (Ciancio et al. 
2021; Kohler et al. 2022). Fortyeight per cent of indi vid u als in our sam ple are stage 2 
hyper ten sive, and more than two thirds (71%) are stage 1 or 2 hyper ten sive. Diabetes 
is much less prev a lent (2%), and we thus focus on being either predia betic (7% prev
a lence) or dia betic. Fortytwo per cent report any stroke symp toms (mean num ber of 
symp toms = 0.8), and 21% have heart dis ease according to the Rose angina cri te ria. 
Medical diag noses of stroke or angina are rare (both 2%), most likely reflecting the 
lack of med i cal  ser vices  rather  than an overreporting of symp toms. Detailed sum
mary sta tis tics are shown in Table 1.

Age Measurement and Exposure to the Famine

For the cohorts exposed to the 1949 fam ine, nei ther Malawi nor other subSaharan 
LICs had reli able birth reg is tra tion (World Bank 2017). Birth years need to be inferred 
from respon dents’ own rec ol lec tions, which are likely affected by mea sure ment errors 
(Palamuleni 1995; Rosenzweig 2021). An advan tage of our ana ly ses is that we can 
rely on  two dif fer ent and  inde pen dent data col lec tion efforts  to obtain birth years. 
Our first ana ly ses (Table 2) rely on the birth years as reflected on Malawi’s National 
Identity card. These were issued starting in 2017 (World Bank 2017), and the MLSFH 
has been record ing birth years directly from the National IDs since. In cases in which 
respon dents did not have National IDs, Voter Registration cards were used. For indi
vid u als in our anal y sis data, birth years from National IDs are avail  able for 91%, and 
from Voter Registration cards for 9%. Figure S3 shows a his to gram of the birth year 
dis tri bu tion of our sam ple; there is no evi dence of heaping at 5 or 10year inter vals.

It is impor tant to rec og nize that the birth dates on the National ID cards for our 
anal y sis sam ple are based on respon dents’ reports  to National Registration Bureau 
staff with out exter nal val i da tion via birth reg is tra tion link ages. Hence, there is also 
likely mea sure ment error in the birth year infor ma tion on the National IDs. Our ana
ly ses there fore also employ an alter na tive way to assess expo sure to the 1949 fam ine 
based on ages reported dur ing the MLSFH sur veys. While each age report elicited in 
a sur vey is likely sub ject to some mea sure ment error, indi vid u als in our sam ple have 
been asked about their ages mul ti ple times dur ing 1998–2019 (on aver age, 11 times, 
with an interquartile range from 9 to 15 times).4 Rather than rely ing on a sin gle age 

4  The median stan dard devi a tion of age reports is around 1, while the aver age stan dard devi a tion is around 2.
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1755Barker’s Hypothesis Among the Global Poor

report  to  infer birth year, we first  infer birth year as sur vey year − age report and 
then esti mate a robust birth year for each respon dent as the median of all  avail  able 
MLSFH birth year data. If mea sure ment/recall error of age is ran dom across dif fer
ent mea sure ments, com bin ing mul ti ple age reports reduces mea sure ment error. The 
median used to infer robust birth year is also not affected by sin gle out li ers, thereby 
reduc ing con cerns about age heaping. A robust mea sure of each respon dent’s age is 
obtained as sur vey year − robust birth year, pro vid ing our “best” (and intertemporally 
con sis tent) mea sure of a respon dent’s actual age.

We sub se quently deter mined in utero expo sure to the 1949 fam ine from this robust 
age. Because the MLSFH sur veys are conducted pri mar ily in June and July, we con
sider respon dents with a 2019 robust age of 69 as being exposed in utero to the 1949 

Table 1 Descriptive sta tis tics for the Malawi Longitudinal Study of Family and Health sam ple: Individuals  
born in 1949 ± 10 years based on National ID card

Mean Min. Max.
Number of 
Observations

Demographics
  Year of birth (from National ID) 1951.70 1939.00 1960.00 848
  Female .53 .00 1.00 848
  Primary school ing .69 .00 1.00 835
  Secondary school ing .06 .00 1.00 835
  Years of school ing 3.50 0.00 12.00 835
Hypertension and Diabetes Risk
  Systolic blood pres sure 138.87 75.33 218.33 818
  Diastolic blood pres sure 84.90 55.67 143.33 818
  Hypertension stages 1 + 2 .71 .00 1.00 818
  Hypertension stage 2 .48 .00 1.00 818
  Blood glu cose (mmol/L) 4.48 1.90 17.30 623
  Diabetes .02 .00 1.00 623
  (Pre)diabetes .07 .00 1.00 623
  2013–2017 change in sys tolic blood pres sure 0.18 −28.00 25.92 561
  2013–2017 change in dia stolic blood pres sure −0.74 −12.50 9.00 561
Anthropometric Measures
  BMI 21.94 12.78 42.55 810
  Height (cm) 159.18 129.00 185.50 822
  Weight (kg) 55.15 34.00 101.90 822
  Waisttohip ratio 0.89 0.70 1.37 823
  Obese (BMI >30) .05 .00 1.00 810
Cardiovascular Disease Diagnosis and Symptoms
  Stroke diag no sis .02 .00 1.00 642
  Angina diag no sis .02 .00 1.00 642
  Stroke: num ber of symp toms .80 .00 5.00 642
  Stroke: any symp toms .42 .00 1.00 642
  Rose angina .21 .00 1.00 642

Notes: The sam ple is defined as respon dents born between 1939 and 1960 according to the National ID card. 
Hypertension stages 1 + 2 are defined as hav ing a sys tolic blood pres sure (BP) of 130 or higher or a dia stolic 
BP of 80 or higher. Hypertension stage 2 is defined as hav ing a systolic BP of 140 or higher or a dia stolic BP of  
90 or higher. Diabetes is defined as hav ing a fasting blood glu cose ≥7 mmol/L, and (pre)dia be tes is  
defined as hav ing a fasting blood glu cose ≥5.6 mmol/L. Obesity is defined as hav ing a body mass index 
(BMI) ≥30.
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1756 A. Ciancio et al.

fam ine: they were born approx i ma tely dur ing the sec ond half of 1949 and the first 
half of 1950, and thus were in utero dur ing the most severe peri ods of the fam ine. The 
sam ple selected using robust age shows very sim i lar char ac ter is tics (Table S3) to the 
sam ple selected using the National ID card.

Finally, we take a dif fer ent approach and exploit  the var i a tion  in age reports  to 
cre ate a prob a bil ity of being in utero dur ing the fam ine. We cre ate this prob a bil ity 
by counting how many age esti ma tes would be in the treat ment group over the total 
num ber of age esti ma tes. We then run the main spec i fi ca tion but with the prob a bil ity 
of a dichot o mous var i able for treat ment.

Analytic Approach

The effects of fam ine expo sure on sub se quent health are esti mated using yi = α + βTi 
+ γ1 yeari + γ2 yeari

2 + γ3  Xi + ei, where yi is health for indi vid ual i mea sured dur ing 
2012–2019, Ti  is a dichot o mous var i able for being affected by the fam ine  in utero 
(born in 1949 or 1950), yeari  is  the year of birth minus 1938 (the oldest cohort  in 
our sam ple), and Xi are indi vid ual con trol var i ables includ ing gen der, region of birth, 
region of  cur rent  loca tion,  and  sur vey wave dichot o mous var i ables  cor re spond ing 
to the sur vey wave used for yi. Standard errors are clus tered at the year of birth. In 
the main spec i fi ca tion in Tables 2 and 3, we do not include school ing in Xi because 
school ing is poten tially an endog e nous path way var i able that could be affected by the 
fam ine. The respec tive results with con trols for school ing are reported in Table S4. 
Additionally, we con trol for wealth in Table S5.

Potential dif fer en tial sur vival to older ages among indi vid u als with fam ine expo
sure is inves ti gated using com plete (100%) Malawi cen sus data from 1987 and 1998 
(Zuberi 2021). Data are aggre gated by sin gleage cohort. Analyses are restricted to 
cohorts who were between 40 and 60 years old by 1998 (aged 29–49 in 1987). Esti
mates for dif fer en tial sur vival to adult hood are obtained from the cen sus data using  
yi = α + βTi + γ1 agei + γ2 agei

2 + γ3d5 + γ4d10 + ei, where yi is the num ber of indi vid u als 
alive in cohort i, Ti is a dichot o mous var i able for being affected by the fam ine in utero 
(born in the sec ond semes ter of 1949 or first semes ter of 1950), d5 is a dichot o mous 
var i able equal to 1 if age is a mul ti ple of 5, and d10 is a dichot o mous var i able equal 
to 1 if age is a mul ti ple of 10. The dichot o mous var i ables d5 and d10 con trol for the 
ten dency to round ages to 5 or 10year inter vals (Figure S4).

Results

In Utero Famine Exposure and Long-Term Health

Panel A of Table 2 pres ents the effects of in utero fam ine expo sure on hyper ten sion 
and dia be tes risk, using birth years (1949 or 1950) from National ID cards. Seventy 
years after the in utero expo sure to the fam ine, affected indi vid u als have sys tolic and 
dia stolic blood pres sure mea sure ments that are on aver age 6 mm Hg and 3 mm Hg,  
respec tively, lower than those of indi vid u als with out in utero expo sure to the fam ine.  
These results are both sta tis ti cally sig nifi  cant and large in mag ni tude (e.g., for  sys tolic 
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1757Barker’s Hypothesis Among the Global Poor

blood pres sure, cor re spond ing to a reduc tion of 4.5%, or 0.25 stan dard devi a tions) 
and con firm our pre vi ous descrip tive find ings in Figure 1, panel b. Given high aver
age  blood  pres sures  of  139  sys tolic  and  85  dia stolic  in  the  study  pop u la tion,  and 
the  resulting high prev a lence of hyper ten sion  (71% with sys tolic >130 mm Hg or 
dia stolic >80 mm Hg), these reduc tions indi cate a pos i tive effect on car dio vas cu lar  
health. The fam ine effect, how ever, is not suf fi cient to sig nifi  cantly reduce the pro
por tion  of  peo ple  who  are  hyper ten sive.  Famine  expo sure  leads  to  a  sta tis ti cally 
sig nifi  cant decrease in blood glu cose of 0.11 mmol/L, but given the over all low prev
a lence of (pre)dia be tes, this effect is not suf fi ciently large to reduce the pro por tion of 
respon dents who are (pre)dia betic (blood glu cose ≥ 7 mmol/L).

Table 2 In utero fam ine expo sure and longterm health: Exposure iden ti fied from National ID card birth 
years (1949 or 1950)

A: Hypertension and Diabetes Risk

Blood Pressure Change in BP 2013–2017

Systolic Diastolic Systolic Diastolic

Famine Exposure −6.24∗∗ −2.99∗ −1.87∗∗ −0.96∗∗
(1.84) (1.20) (0.42) (0.20)

n 818 818 561 561

Hypertension Diabetes Risk

Stages 1 + 2 Stage 2 Glucose (Pre)diabetes

Famine Exposure −0.07 −0.01 −0.11∗ 0.01
(0.07) (0.03) (0.05) (0.02)

n 818 818 623 623

B: Stroke and Heart Disease Symptoms

Stroke Symptoms Heart Disease Risk

Number Any Rose Angina Score

Famine Exposure −0.19∗ −0.06 0.04
(0.08) (0.07) (0.04)

n 642 642 642

C: Anthropometrics

Height BMI WaisttoHip Ratio Obese

Famine Exposure −0.69 0.19 0.00 0.02
(0.44) (0.52) (0.00) (0.02)

n 822 810 823 810

Notes: Regression esti ma tes are shown for effects of in utero expo sure to the fam ine using MLSFH respon
dents born in 1939–1960. Exposure is defined as being born in 1949 or 1950 according to National ID card. 
Additional con trols include region of birth, region of cur rent loca tion, and sur vey wave. Standard errors are 
clus tered at the age level. BP = blood pres sure. BMI = body mass index.

∗p < .05; ∗∗p < .01
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In our study pop u la tion, blood pres sure increased with age by about 0.2 mm Hg 
per year on aver age dur ing 2013–2017 (lon gi tu di nal mea sures are avail  able for 561 
respon dents in our sam ple). These age gra di ents are reduced by about 1.9 mm Hg for 
sys tolic and 1 mm Hg for dia stolic per year for indi vid u als with in utero expo sure to 
the fam ine (col umns 3 and 4 in Table 2, panel A), confirming our pre vi ous descrip tive 
find ings in Figure 1, panel c. Panel B of Table 2 also doc u ments a neg a tive effect on 
the num ber of stroke symp toms, albeit no effect on whether indi vid u als report at least 
one stroke symp tom or using the Rose angina indi ca tor. We find no sig nifi  cant fam
ine effects on anthro po met ric mea sures (panel C in Table 2), although the neg a tive 
coef fi cient for height is in line with the lit er a ture on adverse in utero con di tions and 
stunting (Engle et al. 2007; GranthamMcGregor et al. 2007).

Birth years on National ID cards are poten tially sub ject to mea sure ment or recall 
error owing  to  the  lack of birth  reg is tra tion  for  the  rel e vant cohorts. Our ana ly ses 
in Table 3 there fore iden tify fam ine expo sure using “robust ages” inferred from the 
mul ti ple  age  reports  avail  able  in  the MLSFH. Across most  out comes,  the  fam ine 
effects are esti mated more pre cisely (smaller stan dard errors) using robust ages rather 
than birth years from the National IDs. The reduc tions in sys tolic and dia stolic blood 
pres sure are smaller in mag ni tude (panel A), but remain sta tis ti cally sig nifi  cant. The 
ana ly ses in Table 3 also doc u ment a sta tis ti cally sig nifi  cant reduc tion in the pro por
tion of respon dents who are hyper ten sive or (pre)dia betic. We observe a neg a tive and 
sta tis ti cally sig nifi  cant effect on the prob a bil ity of reporting any stroke symp tom and 
hav ing heart dis ease based on the Rose angina met ric (panel B). There are also sta
tis ti cally sig nifi  cant neg a tive coef fi cient esti ma tes for BMI, waisttohip ratios, and 
obe sity (panel C).

Finally, we take a dif fer ent approach and exploit  the var i a tion  in age reports  to 
cre ate  a  prob a bil ity  of  being  exposed  dur ing  the  fam ine. The  results  are  reported 
in Table S6. Although the find ings are larger in mag ni tude, we see con sis tent neg a
tive and sta tis ti cally sig nifi  cant results for blood pres sure, change in blood pres sure, 
hyper ten sion stage 1, blood glu cose, stroke symp toms, Rose angina score, and BMI.

As  discussed  in  the  Introduction,  some  DOHaD  lit er a ture  focuses  on  the  first 
1,000 days from in utero to 2 years of age, and Table S7 pres ents the health effects 
of such expo sure  to  the fam ine. These results point  in  the same direc tions as with  
in utero expo sure only but the coef fi cients are gen er ally smaller and often not sta tis ti
cally sig nifi  cant, with the excep tion of dia stolic blood pres sure. This sug gests that the 
effects of the fam ine are con cen trated among those who were affected while in utero.

While  we  can not  test  the  mis match  hypoth e sis  directly,  we  could  in  prin ci ple 
carry out a medi a tion or het ero ge ne ity anal y sis. The hypoth e sis is that peo ple with 
lower socio eco nomic sta tus should have bet ter out comes than those with higher sta
tus because poor peo ple did not expe ri ence a mis match. Unfortunately, our sam ple 
of respon dents affected by the fam ine in utero is small, and any results derived from 
het ero ge ne ity anal y sis should be interpreted with cau tion. Table S9 shows the results 
of our main spec i fi ca tion in which in utero fam ine expo sure is interacted with a var i
able that takes the value of 1 if the respon dent has at least some school ing and 0 oth er
wise. We do find evi dence that sup ports this hypoth e sis: our results sug gest a larger 
decrease in blood pres sure and dia be tes among respon dents exposed to the fam ine  
in utero and who have no school ing, rel a tive to those sim i larly exposed but who have 
at least some level of school ing. With the sam ple size caveat in mind, these results 
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1759Barker’s Hypothesis Among the Global Poor

are in line with the DOHaD mis match idea suggesting that those who expe ri enced 
rel a tively  poorer  liv ing  con di tions  through out  their  life  have  been  pre pared  for  it 
(“programmed”) by expe ri enc ing adversities in utero, hence protecting their car dio
vas cu lar health later in life.

Robustness

Our key find ings are also robust if ana ly ses addi tion ally con trol for school ing (Table 
S4) and wealth (Table S5), and they remain unchanged when extending the anal y sis 
sam ple to include respon dents born 20 years before and after the fam ine (Table S2). 

Table 3 In utero fam ine expo sure and longterm health: Exposure iden ti fied from robust age

A: Hypertension and Diabetes Risk

Blood Pressure Change in BP 2013–2017

Systolic Diastolic Systolic Diastolic

Famine Exposure −2.97∗ −1.70∗ −1.20∗∗ −0.89∗∗
(1.20) (0.72) (0.39) (0.22)

n 888 888 609 609

Hypertension Diabetes Risk

Stages 1 + 2 Stage 2 Glucose (Pre)diabetes

Famine Exposure −0.09∗∗ 0.02 −0.22∗∗ −0.03∗∗
(0.02) (0.03) (0.05) (0.01)

n 888 888 700 678

B: Stroke and Heart Disease Symptoms

Stroke Symptoms Heart Disease Risk

Number Any Rose Angina Score

Famine Exposure −0.44∗∗ −0.17∗∗ −0.10∗∗
(0.05) (0.03) (0.02)

n 699 699 699

C: Anthropometrics

Height BMI WaisttoHip Ratio Obese

Famine Exposure 0.09 −1.29∗∗ −0.01∗∗ −0.03∗
(0.29) (0.17) (0.00) (0.01)

n 893 870 892 870

Notes: Regression esti ma tes are shown for effects of in utero expo sure to the fam ine using MLSFH respon
dents born in 1939–1960. Exposure is defined as being born in the sec ond semes ter of 1949 or first semes ter 
of 1950 according to robust age. Additional con trols include region of birth, region of cur rent loca tion, and 
sur vey wave. Standard errors are clus tered at the age level. BP = blood pres sure. BMI = body mass index.

∗p < .05; ∗∗p <.01
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1760 A. Ciancio et al.

As expected, a pla cebo anal y sis for cohorts born in 1951–1952—that is, cohorts with 
no  fam ine  expo sure  in  early  life—does not  doc u ment  any  longterm health  effect 
(Table S8; cohorts born before 1949 do not pro vide a valid pla cebo test as they had 
some earlylife expo sure to the fam ine).

Survival of Individuals Exposed to the Famine

A poten tial con cern for the causal inter pre ta tion of our results in Tables 2 and 3 is 
the pos si bil ity that indi vid u als exposed to the fam ine were more likely to die prior to 
reaching adult hood or older ages. If this were the case, then the sur vi vors of the fam
ine cohort might be health ier owing to addi tional mor tal ity selec tion.

No  accu rate  data  on  infant  and  under5  mor tal ity  exist  for  the  period  around 
the 1949 Nyasaland fam ine; yet, since under5 mor tal ity is esti mated to have been 
approx i ma tely 1 in 3 (≈35%) (United Nations 2019), among the highest in the world 
at that time (Figure S5), a fur ther sub stan tial spike in under5 mor tal ity seems unlikely 
(although the age pat tern of under5 mor tal ity might have changed, with more chil
dren dying at youn ger ages; Lee 1990). While we can not directly esti mate var i a tion in 
under5 mor tal ity as a result of the fam ine, ana ly ses of cen sus data allow us to inves
ti gate dif fer ences in cohort sizes. Using 100% Malawi censuses from 1987 and 1998, 
we  look at whether  the cohort  that was  in utero dur ing  the  fam ine  is  sig nifi  cantly 
smaller (or larger) than nearby cohorts. To do so, we regress the num ber of peo ple in 
each cohort on in utero fam ine expo sure, a lin ear and qua dratic trend for age, and a 
dummy var i able for age being a mul ti ple of 5 or 10 to account for age heaping. The 
results in Table 4 show that fam ineexposed cohorts are not smaller than cohorts born 
before or after the fam ine. Because fam ines and related cri ses gen er ally depress fer
til ity (Lee 1990), ana ly ses of cen sus data thus do not indi cate a reduced sur vival to 
adult hood among fam ineexposed cohorts.

This con clu sion is fur ther supported by ana ly ses of mor tal ity and attri tion in the 
MLSFH  cohort  itself  (Table  S1). These  ana ly ses  focus  on  respon dents who were 
suc cess fully interviewed in 2008–2010, that is, the sur vey rounds when MLSFH first 
expanded to older ages, and focus on three out comes observed in 2018–2019: being 
interviewed, being recorded as deceased, and being interviewed con di tional on sur
vival.  Individuals  exposed  to  the  fam ine were  slightly more  likely  to be  sur veyed 
dur ing  2018–2019,  and  this  effect  is  driven  by  lower mor tal ity  dur ing  the  period 
2008/2010–2018/2019 among fam ineexposed respon dents (Table S1).

Discussion and Conclusion

The Barker (or Developmental Origins of Health and Disease) hypoth e sis is a prom
inent life course frame work stat ing that adversities in utero have longrun neg a tive 
effects on adult health (Barker 1995; Barker et al. 1990). This hypoth e sis has been 
exten sively stud ied in highincome countries, where aging stud ies either elicit early 
life con texts in sur veys or obtain such infor ma tion via link ages to exter nal sources, 
and the DOHaD had sub stan tial influ ence on under stand ing the ori gins of dis eases—
and spe cifi  cally noncommunicable dis eases—at older ages (Hoffman et al. 2017).
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The pres ent  study  is  one of  the first,  if  not  the first,  to  exam ine  the  impact  of 
adversities  in utero  in  a  per sis tently  lowincome con text.  Importantly,  indi vid u als 
with in utero expo sure to the 1949 Nyasaland fam ine are documented in this study 
to have bet ter car dio vas cu lar health 70 years after the fam ine. Specifically, we find 
sig nifi  cant effects of the fam ine in reduc ing sys tolic and dia stolic blood pres sures, 
dif fer ences in blood pres sures from 2013 to 2017, dia be tes risk as mea sured by glu
cose lev els, and the num ber of reported stroke symp toms. These results are robust 
across var i ous ana lytic spec i fi ca tions and are con sis tent across alter na tive infer ences 
of years of birth. Results dis ap pear—as is expected—when using a pla cebo expo sure 
one year after the fam ine. Analyses of cen sus and MLSFH attri tion data con firm our 
inter pre ta tion  that  addi tional mor tal ity  selec tion among  fam ineaffected cohorts  is 
not  likely to drive our results. We con jec ture  that adversities  in utero might cause 
adap ta tions that turned out to be advan ta geous regard ing car dio vas cu lar health given 
that  indi vid u als were  sub se quently  exposed  to  per sis tently  low  incomes  and poor 
liv ing stan dards.

These find ings need  to be  interpreted within  the con text of  the cohorts stud ied. 
All indi vid u als born prior to 1960 in Malawi faced sig nifi  cant life course adversities. 
Under5 mor tal ity for these cohorts was one of the highest in the world, and period 
life expec tan cies at birth were around 35 years in the 1950s and remained below 46 
years until the early 2000s (United Nations 2019). Survivors to older ages in all  of 
these cohorts are thus very selected. But despite this selec tion, health at older ages is 
often poor. For exam ple, hyper ten sion is wide spread despite the absence of risk fac
tors such as obe sity or Western diets (Kohler et al. 2020; Kohler et al. 2022), men tal 
health is often poor (Kohler et al. 2017), and cog ni tive decline begins at rel a tively 
young old ages (Kohler et al. 2023).

We believe that our find ings documenting a pos i tive effect of in utero adver sity 
on  laterlife car dio vas cu lar health are con sis tent with epi ge netic causes of dis ease 

Table 4 Mortality selec tion: Estimates of fam ine expo sure on cen sus age struc ture

Census 1998 Census 1987

Years of Birth 1928–1968 1938–1958 1927–1967 1937–1957

Famine Exposure 29,807 29,391 157 2,228
(19,718) (17,664) (11,806) (14,176)

Age as Multiple of 5 29,389∗∗ 23,014† 26,279∗∗ 31,923∗∗
(10,168) (12,597) (6,092) (10,147)

Age as Multiple of 10 28,498∗ 31,927† 9,389 16,144
(12,966) (16,054) (7,768) (12,925)

n 41 21 41 21

Notes: Regression esti ma tes are shown for effects of in utero expo sure on the num ber of per sons alive by 
age cohort in cen sus 1987 and cen sus 1998. Ages as mul ti ples of 5 and 10 rep re sent dummy var i ables to 
account for age heaping. Analyses also con trol for age and age squared. Exposure is defined as being born 
in the sec ond semes ter of 1949 or first semes ter of 1950 according to the age in the 1998 or 1987 cen sus. 
Analysis sam ples are lim ited to 20 years before and after the cohort born in 1949 (col umns 1 and 3) and  
10 years before and after (col umns 2 and 4). Standard errors are shown in paren the ses.

†p < .10; ∗p < .05; ∗∗p < .01
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resulting from a “mis match” between indi vid u als’ early devel op men tal envi ron ment 
and  their  later  adult  envi ron ment  (Godfrey  et  al.  2007),  thereby  caus ing  laterlife 
degen er a tive dis eases via an epi ge netic mech a nism sim i lar  to the Barker hypoth e
sis (Schmitz and Duque 2022). Specifically, in this mis match hypoth e sis, the early 
devel op men tal envi ron ment deliv ers “cues” that trig ger pre dic tive adap tive responses 
(PAR) in the form of epi ge netic mod i fi ca tions that affect a later phe no type, which 
is, there fore, established by earlylife gene–envi ron ment inter ac tions (Godfrey et al. 
2007). When the PAR is “mismatched” with the indi vid ual’s actual later mature envi
ron ment,  sub op ti mal fit ness  and dis ease  tend  to  result. The bio log i cal mech a nism 
under ly ing this mis match hypoth e sis is likely met a bolic or nutri tional. For exam ple, 
the fetus may respond to mater nal nutri tional dep ri va tion with PARs that are con sis
tent with a poor adult envi ron ment, such as reduced somatic growth. Depending on 
whether the PAR matches the later mature envi ron ment, the health con se quences are 
likely to be dif fer ent.

This mis match hypoth e sis has been tested mostly in mid dle and highincome con
texts, where a mis match occurs as a result of the sequen tial occur rence of a deprived 
devel op men tal  envi ron ment  (owing  to,  e.g.,  fam ine,  gen eral  unbal anced mater nal 
diet, or mater nal infec tions dur ing preg nancy) and a later (com par a tively) rich adult 
envi ron ment. However, much less is known about how a rel a tively deprived devel
op men tal  envi ron ment  affects  health  across  the  life  course when  the  lat ter  is  also 
char ac ter ized by  a  rel a tively poor  envi ron ment,  as  is  the  case  in many LICs. The 
planned exten sion of the MLSFH is in part moti vated by the need to study this and 
related mech a nisms in deter min ing health at older ages in LICs, and future waves of 
the MLSFH will thus inte grate mea sures of bio log i cal (epi ge netic) aging within the 
con text of rich socio eco nomic data.

Our  find ings  documenting  longterm  pos i tive  effects  of  in utero  fam ine  expo
sure on car dio vas cu lar health  in Malawi are  impor tant  for  two rea sons. First,  they 
extend evi dence on the DOHaD to per sis tently lowincome con texts that have to date 
received lit tle atten tion in this lit er a ture. Second, they indi cate that the con se quences 
of earlylife adversities may be con text spe cific, with pos si bly oppo site con se quences 
of in utero adversities prevailing in per sis tently lowincome and adverse con texts as 
com pared with MHICs. Our results thus highlight the need to fur ther study the impli
ca tions of earlylife adversities on laterlife health, includ ing the path ways through 
which they operate, in LIC pop u la tions that face sustained pov erty and high lev els of 
mor bid ity and mor tal ity through out the life course. Current knowl edge from MHIC 
stud ies about the devel op men tal ori gins of health at older ages may not nec es sar ily 
extend to these pop u la tions.

We empha size  that our  results  should not be  con strued as  evi dence against  the 
large body of find ings that have documented that earlylife adversities have gen er ally 
neg a tive health  and  socio eco nomic  con se quences  later  in  life  (Barker  et  al.  1990; 
GranthamMcGregor et al. 2007; Hoddinott et al. 2013; Hoffman et al. 2017), and 
that pol i cies that tar get earlylife adversities to improve devel op men tal outcomes of 
chil dren have high  returns  and  should  be  pri or i tized  (Engle  et  al.  2007; Lomborg 
2013). In Malawi and glob ally, recent cohorts did face, and future cohorts are likely 
to face, much lower lev els of earlylife and sub se quent adversities than the cohorts 
stud ied here (Lloyd 2005). Further improv ing earlylife and ongo ing envi ron ments 
of recent and future cohorts in Malawi and glob ally is an impor tant pri or ity. Indeed, 

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/60/6/1747/2039062/1747ciancio.pdf by G
LASG

O
W

 U
N

IV LIBR
AR

Y user on 16 April 2024



1763Barker’s Hypothesis Among the Global Poor

as sub se quent adversities are reduced, the impacts of earlylife adversities in Malawi 
are likely to have the neg a tive lon ger run Barker hypoth e sis effects on car dio vas cu lar 
health that have been reported in other con texts with fewer ongo ing adversities than 
expe ri enced by our study cohorts.

Several lim i ta tions of our ana ly ses need to be acknowl edged. As in other pop u la tion
based stud ies in countries that have been per sis tently very poor, ages and birth years 
can not be ver i fied by reg is tra tion data and indi vid u als’ recall of this infor ma tion is 
sub ject to mea sure ment errors (Palamuleni 1995; Rosenzweig 2021). An advan tage 
of our  study  is  that we can  rely on mul ti ple  sources of  infor ma tion,  includ ing  the 
National ID cards (for birth year) and repeated mea sures of ages obtained dur ing the  
MLSFH  in 1998–2019. Moreover, mea sure ment errors  in years of birth are  likely 
to  bias  our  esti ma tes  toward  zero  (Bound  et  al.  2001),  and  our  esti mated  fam ine 
effects on laterlife health are thus likely con ser va tive. Another lim i ta tion is that we 
are not  able to iden tify the bio log i cal and detailed social mech a nisms through which 
the fam ine worked to affect the health of aging Malawians. Future research that can 
uti lize epi ge netic or bio marker data for this cohort might be  able to iden tify pos si ble 
path ways, but such data are not yet avail  able in the MLSFH or any other LIC aging 
datasets. Furthermore, we can rep re sent the fam ine only in terms of the time period 
when it prevailed in its most severe form, and we lack direct mea sures of food short
ages or local ized mar ket prices. These lim i ta tions also imply that our ana ly ses prob a bly 
under es ti mate the true effects of the fam ine.

Overall, this study pro vi des impor tant evi dence that the most com mon inter pre ta
tion of the Barker hypoth e sis—namely, that in utero adversities trans late into worse 
longrun health—needs to be qual i fied depending on the con text. This inter pre ta tion 
may not hold in LICs with ongo ing adversities like Malawi, suggesting that more LIC 
aging stud ies are required to bet ter under stand health among the aging global poor. 
Consistent with the Barker hypoth e sis, earlylife scarce con di tions may actu ally pro
vide latelife advan tages if the con di tions per sist over time. ■
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