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The Effect of Schooling on Women’s Overweight and Obesity: 
A Natural Experiment in Nigeria

Pepita Barlow

ABSTRACT  An ex ten sive so cial sci en tific lit er a ture has documented the im por tance 
of school ing in pre vent ing over weight and obe sity among wom en. However, prior 
qua si-ex per i men tal stud ies in ves ti gat ing the causal ef fect of school ing on wom en’s 
over weight and obe sity have fo cused al most ex clu sively on high-in come countries 
(HICs). Schooling ef fects may dif fer in low- or mid dle-in come countries (LMICs), 
where in for ma tion about the harms of being over weight is of ten sparse and where larger 
body sizes can be so cially val ued. Here I eval u ate the causal im pact of school ing on 
wom en’s prob a bil ity of be ing over weight or obese in an LMIC, Nigeria, us ing data 
from the 2003, 2008, and 2013 Demographic Health Surveys. In 1976, the Nigerian 
gov ern ment abolished pri mary school fees and in creased funding for pri mary school 
con struc tion, cre at ing qua si-ran dom var i a tion in ac cess to pri mary school according to 
an in di vid u al’s age and the num ber of newly constructed schools in their state of res-
i dence. I ex ploit both sources of var i a tion and use a two-stage in stru men tal var i ables 
ap proach to es ti mate the ef fect of in creased school ing on the prob a bil ity of be ing over-
weight or obese. Each ad di tional year of school ing in creased the prob a bil ity of be ing 
over weight or obese by 6%, but this ef fect es ti mate was not sta tis ti cally dif fer ent from 
ze ro. This find ing dif fers from the pro tec tive ef fect of school ing documented in sev eral 
HICs, suggesting that con tex tual fac tors play an im por tant role calibrating the in flu ence 
of ad di tional school ing on over weight or obe si ty. Furthermore, my find ings con trast 
mark edly with the pos i tive cor re la tion be tween school ing and over weight/obe sity iden-
ti fied in pre vi ous stud ies in Nigeria, suggesting that stud ies fail ing to ac count for se lec-
tion bias over es ti mate the causal ef fect of school ing. More ro bust causal re search is 
needed to ex am ine the ef fect of school ing on over weight and obe sity in LMIC con texts.

KEYWORDS  Overweight  •  Obesity  •  Education  •  Natural ex per i ment  •  Lower- and 
mid dle-in come countries

Introduction

The pro por tion of adults who were over weight or obese grew by as much as 27.5% 
world wide  be tween  1980  and  2013,  a  phe nom e non  of ten  de scribed  as  the  “obe-
sity ep i dem ic” (Hill and Pe ters 1998; Jaacks et al. 2019). Figure 1 plots over weight 
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prev a lence across 70 low- and mid dle-in come countries (LMICs) in the most re cent 
year that com par a tive sur vey data were avail  able. The figure reveals substantial varia-
tion. Approximately 5.1% women sur veyed were over weight or obese in Madagascar 
(2008–2009), com pared with 18.2% in Nigeria (2018) and 36.5% in Peru (2014). The 
pro por tion  of  in di vid u als  liv ing  in LMICs  that  is  over weight  or  obese  is,  on  av er-
age, smaller in LMICs rel a tive to high-in come countries (HIC). However, the rate of 
in crease in over weight and obe sity is cur rently fastest in many LMICs, many of which 
also have high lev els of un der nu tri tion (Ford et al. 2017).

Overweight  and obe sity  are  as so ci ated with  sev eral  dis eases,  in clud ing  type 2 
di a be tes, cor o nary heart dis ease, and some can cers (Wyatt et al. 2006). Women are 
of ten dis pro por tion ately ex posed to these risks: a 2016 re view of 130 LMICs found 
that women had a higher over weight/obe sity prev a lence rel a tive to men in 119 coun-
tries (Ng et al. 2016). The obe sity ep i demic and its gen dered inequities have di verse 
bi o log i cal, so cio eco nom ic, and en vi ron men tal causes, and un der stand ing the con tri-
bu tion of each of these fac tors can help to iden tify tar gets for in ter ven tion to pre vent 
the harms from ex cess body weight and as so ci ated inequalities (Marmot 2007).

Education is of ten de scribed as one of the most im por tant so cial pre dic tors of wom-
en’s health be hav iors and out comes, in clud ing di et, phys i cal ac tiv i ty, and body weight 
(Liu and Guo 2015; Sobal 2011). Establishing cau sal ity is dif fi cult be cause of po ten tial 
confounding with un ob served char ac ter is tics, such as fam ily wealth. These chal lenges 
are compounded by dif fi cul ties in mea sur ing ed u ca tion, which is a broad con cept per-
taining to the skills, abil i ties, knowl edge, cul tural un der stand ings, and val ues re quired 
to  par tic i pate  in  a  par tic u lar  so ci ety  (Pritchett  2013:18–19).  Robust  eval u a tions  of 
ed u ca tion’s causal ef fects of ten ex ploit qua si-ran dom dif fer ences in one ed u ca tional 
in put—years of school ing—resulting from changes in the cost of school ing or man-
da tory school-leav ing ages (Cawley 2015). Previous qua si-ex per i men tal stud ies have 
found that ad di tional years of school ing re duce the prob a bil ity of be ing over weight or 
obese among women in sev eral HICs (Hamad et al. 2018).

However, school ing ef fects may dif fer in LMICs, where in for ma tion about the 
harms of ex cess body weight is sparse and where un healthy di et, phys i cal  in ac-
tiv i ty,  and  larger  body  size  among women  can  be  so cially  val ued  (Brown  and 
Konner 1987; Dinsa et al. 2012). Observational an a ly ses have iden ti fied a pos i tive 

Fig. 1  Proportion of women who were overweight or obese in the most recent DHS (various years) in each 
country, accessed via DHS STATcompiler. Gray indicates that no data are available.
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as so ci a tion be tween years of school ing and over weight or obe sity sta tus in sev eral 
LMICs, in clud ing Nigeria (Neupane et al. 2015). Yet, to my knowl edge, no study 
has  in ves ti gated  the  re la tion ship  be tween  school ing  and  over weight  or  obe sity 
in an LMIC us ing meth ods for causal  in fer ence  that ad dress  the endogeneity of 
school ing.

I ad dress these re search gaps us ing the implementation of a 1976 Universal Pri-
mary Education (UPE) in Nigeria as a qua si-ex per i men tal ex og e nous change to es ti-
mate the ef fect of school ing at tain ment. Exposure to the UPE re form var ied according 
to an in di vid u al’s year of birth and the num ber of new schools constructed be tween 
1974 and 1978 in their state of res i dence. Using data from the Nigerian Demographic 
Health Surveys (DHS) in 2003, 2008, and 2013, I ex ploit both sources of var i a tion to 
es ti mate two-stage least squares in stru men tal var i able mod els and eval u ate the causal 
ef fect of ad di tional years of school ing on the prob a bil ity that an in di vid ual was over-
weight or obese at the time of the sur vey.

Background

Theoretical Framework and Mechanisms Rooted in HIC Contexts

The the o ret i cal  lit er a ture has  iden ti fied three broad path ways  through which ad di-
tional school ing is expected to have a pro tec tive ef fect on health be hav iors and out-
comes. First, school ing can im prove health and lead to health-pro mot ing be hav iors 
by  en hanc ing  an  in di vid u al’s  abil ity  to  use  and  re spond  to  knowl edge  (in clud ing 
med i cal in for ma tion), thereby pro duc ing good health (Grossman 1972, 2006). Sec-
ond,  school ing  can  in crease  in di vid u als’  learned ef fec tive ness,  de fined  as  higher 
lev els of per sonal con trol and self-ef fi ca cy, which are psy cho log i cal pre dic tors of 
health-pro mot ing be hav iors (Mirowsky 2017). Third, school ing may im prove health 
in di rectly by  in creas ing ac cess  to higher-pay ing pro fes sions and hence  in creas ing 
in comes. Increased in come fa cil i tates ac cess to healthcare, health-pro mot ing goods, 
and a health ier en vi ron ment (Kemptner et al. 2011).

These  mech a nisms  are  par tic u larly  rel e vant  for  explaining  school ing-re lated 
disparities  in over weight and obe sity  in HICs (McLaren 2007). Additional years of 
school ing can en able in di vid u als to main tain a healthy weight by fa cil i tat ing the ac qui-
si tion of in for ma tion about the harms of ex cess body weight and how to pre vent them 
(Nayga 2000). Additional school ing can also cul ti vate psy cho log i cal traits, such as 
self-con trol, that help in di vid u als to reg u late their ca lo ric in take and ex er cise suf fi-
ciently (Barlow et al. 2016; Wilson et al. 2015). Furthermore, school ing fa cil i tates 
ac cess to higher-pay ing jobs. These jobs pro vide the ma te rial re sources that are of ten 
needed to pur chase healthy meals and en gage in rec re a tional ex er cise, whereas obe-
sogenic en vi ron ments cre ate bar ri ers to healthy eat ing for low er-in come groups be-
cause of the low cost and wide spread avail abil ity of un healthy, cal o rie-dense foods 
(McLaren 2007).

These mech a nisms can be rel e vant for all  gen ders but are of ten es pe cially im por-
tant for women be cause of a strong stigma surrounding larger wom en’s body sizes 
in many HICs (Sobal 2011). Such stigma cre ates a stron ger pres sure for women to 
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main tain a smaller body weight, but women with greater years of school ing have 
greater  ac cess  to  the  re sources and  in for ma tion nec es sary  to  at tain  this  ide al ized 
body type.

Contextual Contingencies in LMICs

The afore men tioned mech a nisms and im pacts may have lim ited gen er al iz abil ity to 
LMICs. First, the sym bolic value of thin ness and fat ness is con tex tu ally con tin gent. 
Anthropological stud ies have ob served that big ger bod ies rep re sent sta tus and power 
in many  so ci e ties  and  that  the  as so ci a tion be tween  thin ness  and  sta tus  in Western 
in dus tri al ized countries  is an ex cep tion  to a glob al, his tor i cal pref er ence for  larger 
bod ies (Brown and Konner 1987; Cassidy 1991). For ex am ple, Oe (2009:4) ob served 
that in Nigeria,  larger fe male body weight is seen as “al lur ing, and a sign of good 
health and pros per i ty” among some groups, such as the Efi ks, Annangs, and Ig bos. 
Osayomi and Orhiere (2017:104) sim i larly de scribed the pro ver bial ex pres sion among 
the Yor u bas, “Agba ti ko yo’kun, ahun looni,” mean ing “It is only a mi ser that would 
re fuse to grow fat.” One man i fes ta tion of this pref er ence is a cul tural tra di tion in 
which women gain weight be fore mar ry ing by stay ing in “fat ten ing rooms,” where 
they are fed large quan ti ties of foods high in fat and sugar (Oe 2009).

Second, the ex tent to which food en vi ron ments are obesogenic be cause of the wide-
spread avail abil ity of low-cost, cal o rie-dense food also varies be tween countries. In 
some countries, high-cal o rie snacks and res tau rant meals can be more ex pen sive or 
avail  able pri mar ily in ur ban set tings, where wealth ier fam i lies are sig nifi  cantly more 
likely to re side (Popkin et al. 2012).

Third, the so cial value and stigma of the be hav iors that con trib ute to obe sity can vary 
among countries. For ex am ple, low phys i cal ac tiv ity lev els and con sump tion of cal o rie-
dense Western food prod ucts serve as sta tus sym bols in some LMICs (Swami 2015).

Taken to geth er, these three con sid er ations il lus trate how over weight, obe si ty, and 
the be hav iors that con trib ute to them might be so cially de sir able for women in LMICs 
with the afore men tioned char ac ter is tics, such as Nigeria. However, over weight/obe-
sity may be at tain  able only for those with more years of school ing and cor re spond-
ingly higher in comes and re sources nec es sary to pur chase and ac cess cal o rie-dense 
or Western foods and to main tain low phys i cal ac tiv ity lev els.

There is also an ad di tion al, fourth rea son why school ing ef fects may dif fer:  the 
mech a nisms through which school ing in creases in di vid u als’ abil ity to ac quire in for-
ma tion and knowl edge about  the harms of over weight  and how  to pre vent  it may 
not ap ply to all  LMICs. Specifically, information about the harm ful ef fects of over-
weight and obe sity and about how to main tain a healthy body weight is of ten sparse 
in LMICs (Haase et al. 2004; Nyaruhucha et al. 2003). This general lack of in for ma-
tion may limit the im por tance of ad di tional school ing in the ac qui si tion of knowl edge 
about the harm of ex cess body weight and the be hav iors that pre vent it.

These con tex tual contingencies have im por tant the o ret i cal im pli ca tions: if the im pact 
of ad di tional school ing on over weight and obe sity in HICs does not ex tend to LMICs, 
such as Nigeria, then the pro tec tive ef fects of school ing ob served in HICs may not be 
fully at trib ut  able to an im pact of school ing alone. This point is ex plic itly rec og nized 
by  fun da men tal  cause  the ory  (Phelan  et  al.  2010). A  core  prin ci pal  of  this  the ory 
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is that disparities in health according to an in di vid u al’s school ing may not ex ist  in 
all  his tor i cal or re gional con texts. Instead, disparities are said to emerge in con texts 
where the ma te rial and in tel lec tual capacities to avoid risk are avail  able but ac ces si-
ble only to advan taged so cio eco nomic groups (Hayward et al. 2015).

Empirical Literature and Methodological Challenges

Descriptive  stud ies have  found  that women with higher  lev els of  school ing at tain-
ment are more likely to be over weight or obese in some LMICs, in clud ing Nigeria 
(Dinsa et al. 2012). For ex am ple, Kandala and Stranges (2014) an a lyzed data from 
the 2008 Nigerian Demographic Health Survey (DHS) and found that women with 
pri ma ry, sec ond ary, or higher ed u ca tion were 1.61 times more likely to be over weight 
or obese than women with out any ed u ca tion. Neupane et al. (2015) used DHS data to 
as sess ed u ca tional disparities in over weight and obe sity across 32 sub-Saharan Af ri-
can countries in 2005–2013. They found that women with sec ond ary or post sec ond ary 
ed u ca tion were, on av er age, 1.81 times more likely to be over weight or obese than 
women with no or pri mary ed u ca tion.

These ob ser va tional as so ci a tions may be con founded by ear ly-life an thro po met-
rics and un ob served sociodemographic or bi o log i cal char ac ter is tics, in clud ing pa ren-
tal pref er ences, ge netic en dow ments, and fam ily wealth, all  of which can also pre dict 
in di vid u als’ over weight or obe sity  sta tus  in de pen dent of  school ing  (Cawley 2015; 
Currie and Vogl 2013). For ex am ple,  the wealth, ed u ca tional at tain ment, and pref-
er ences  of  a  child’s  par ents  can  ex ert  a  strong  in flu ence  on  an  in di vid u al’s  years 
of  school ing  (Ermisch  and  Francesconi  2001). However,  these  char ac ter is tics  can 
di rectly  in flu ence  adult  body weight  and  its  de ter mi nants  in de pen dent  of  years  of 
school ing via their in flu ence on in di vid u als’ pref er ences and re sources for en gag ing 
in healthy di e tary be hav iors and phys i cal ac tiv ity (Benton 2004).

Robust eval u a tions of the causal ef fect of school ing have fre quently attempted to 
ad dress this by draw ing on dif fer ences in in di vid u als’ years of school ing according 
to an in di vid u al’s el i gi bil ity for re duc tions in the cost of school ing (e. g., school fee 
re mov al) or in creases in man da tory school-leav ing ages (Cawley 2015). Additional 
years of  school ing have been  found  to  re duce  the prob a bil ity of be ing over weight 
or obese  in  the HICs of  Italy  (Braga and Bratti 2013),  the United States  (Fletcher 
2015), Germany (Kemptner et al. 2011), Australia (Li and Powdthavee 2015), and 
the United Kingdom (James 2015), as well as in the up per-mid dle in come coun try 
Turkey (Dursun et al. 2018).

No study,  to my knowl edge, has  in ves ti gated  the  re la tion ship be tween school ing 
and over weight or obe sity sta tus in an LMIC us ing meth ods for causal in fer ence that 
ad dress the endogeneity of school ing. This may re flect lim ited data ac cess or a ten-
dency to as so ci ate LMICs with dis eases of pov erty and as so ci ated risk fac tors that 
his tor i cally corresponded to lower lev els of de vel op ment, such as child mor tal i ty, 
un der nu tri tion, and in fec tious dis eases such as HIV (McKeown 1988). Hence, many 
qua si-ex per i men tal stud ies of school ing ef fects  in LMICs have ex am ined these out-
comes (Hamad et al. 2018). Examining school ing’s ef fects on over weight and obe sity 
is, how ev er, in creas ingly per ti nent to the chang ing na ture of dis ease in LMICs: many 
of these countries now face a dou ble bur den of dis eases tra di tion ally as so ci ated with 
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af flu ence, such as over weight and obe si ty, in ad di tion to the dis eases of pov erty that 
have re ceived much at ten tion in the lit er a ture on school ing and health in LMICs (Ebra-
him et al. 2013).

The Universal Primary Education (UPE) Reform in Nigeria

Here I ad dress the above re search gaps by us ing the implementation of UPE in Nigeria 
as a qua si-ex per i men tal ex og e nous change to es ti mate the ef fect of school ing at tain-
ment. A  na tion wide  pro gram  funded  by  the  fed eral  gov ern ment, UPE was  imple-
mented in Sep tem ber 1976 (Aluede 2006). The re form was designed to in crease 
ed u ca tional at tain ment and school ing by pro vid ing tu ition-free pri mary school and 
in creas ing the num ber of pri mary schools, class rooms, and qual i fied teach ers (Bray 
1981). According to Csapo (1983:91), the re form resulted in an “ex plo sion” in pri-
mary school en roll ment. The num ber of chil dren at tend ing pri mary school in Nigeria 
in creased from 4.4 mil lion in 1974 to 13.8 mil lion by 1981 (Osili and Long 2008).

Studying the Nigerian re form brings sev eral ad van tages. A cen tral goal of UPE 
was to re duce re gional disparities in ac cess to pri mary school across Nigerian states 
by build ing schools through out the coun try (Aluede 2006). The Federal gov ern ment 
dis bursed 700 mil lion naira (ap prox i ma tely 2% GDP) for pri mary school and class-
room con struc tion, lead ing to a sig nifi  cant in crease in the num ber of new schools that 
were founded, as il lus trated in Figure 2.

This  school-build ing ef fort  cre ated a nat u ral pol icy ex per i ment  in which ex po-
sure to UPE var ied along two di men sions: (1) ex po sure var ied be tween birth co horts 
of  pri mary  school  age  be fore  and  af ter UPE was  implemented;  and  (2)  the  num-
ber  of  newly  constructed  schools  in  each  state  in  1974–1978  var ied  sub stan tially 
(mean = 1,135.9, stan dard de vi a tion = 866.8), lead ing to in ter state var i a tion in ex po-
sure. The greatest in crease in the num ber of schools oc curred in the north ern state of 
Kano, where an ad di tional 2,726 schools were built. In con trast, 166 schools were 
built over the same pe riod in the west ern state of Ogun. Exploiting var i a tion among 
those who were el i gi ble for the re form according to state-level school con struc tion 
lev els helps ad dress po ten tial confounding due  to un ob served dif fer ences be tween 
co horts of pri mary school age be fore and af ter the implementation of UPE. The an a-
lyt i cal ad van tages of this ap proach have been well-rec og nized in econo met ric stud-
ies ex am in ing the so cio eco nomic ef fects of school ing (Andriano and Monden 2019; 
Duflo 2001).

In  ad di tion,  Nigeria’s  per  cap ita  GDP  of  $3,731,  $4,597,  and  $5,495  in  2003, 
2008, and 2013, re spec tive ly, make it an LMIC in those years according to the World 
Bank’s clas si fi ca tion scheme (World Bank 2015). Finally, women with sec ond ary and 
post sec ond ary ed u ca tion are more likely to be over weight or obese than less-ed u cated 
women in Nigeria (Kandala and Stranges 2014; Neupane et al. 2015). This dif fer-
ence has been at trib uted to cul tural pres sures that en cour age large body size, greater 
con sump tion of high-cal o rie res tau rant meals, and sed en tary life styles among more-
ed u cated women  (Oe 2009). Nigeria  is  there fore an LMIC  in which greater years 
of school ing may in crease wom en’s over weight and obe si ty, pro vid ing the o ret i cally 
rel e vant  in sights  into  the  im pact of school ing  in a coun try where  the so cio cul tural 
con text ap pears to mod ify school ing’s in flu ence.
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Methods

Data Sources and Measurement

To study the im pact of school ing on wom en’s risk of be ing over weight or obese in 
Nigeria I obtained in di vid u al-level an thro po met ric and sociodemographic data from 
the 2003, 2008, and 2013 DHS. These data are pro vided in a har mo nized for mat in 
the  IPUMS-DHS fi les de vel oped by Boyle and col leagues  (2016). The DHS have 
been de scribed in ex ten sive de tail else where (Corsi et al. 2012). The Nigerian com-
po nent is a re peated cross-sec tional sur vey containing re sponses from 7,000–35,000 
women in each wave. Data on body weight and height in Nigeria were first col lected 
in 1999 but were miss ing for a large pro por tion of re spon dents. I there fore used data 
sets from 2003, 2008, and 2013, when an thro po met ric data were miss ing for only a 
small per cent age (2.4%) of re spon dents.

I matched in di vid u al-level data from the IPUMS-DHS with state-level school-founding 
data from the 2008 Nigerian Primary School Census, pro vided by Larreguy and Marshall 
(2017). The IPUMS-DHS and school-founding data are disaggregated according to the 
37 ad min is tra tive units (36 states plus the Federal Capital Territory, Abuja) that existed 
at the time of the school cen sus and the DHS. These 37 units were all  subdivided from 
the 19 states that existed when UPE was implemented. Section 1 of the online ap pen dix 
de scribes how I har mo nized state names and matched in di vid u als to state da ta.

The key ex po sure var i able  in my anal y sis  is an  in di vid u al’s expected years of 
school ing, and my out come of in ter est is whether an in di vid ual was over weight or 
obese at the time of the sur vey. Expected years of school ing (DHS var i able v133) 

School construction 
 began

UPE implemented

0

5,000

10,000

15,000

1960 1970 1980 1990 2000 2010

Year

N
u

m
b

er
 o

f 
N

ew
 S

ch
o

o
ls

Fig. 2  Number of new public schools in Nigeria, 1960–2010. Source: Nigerian Primary School Census 
2008.
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are cal cu lated by DHS staff us ing coun try-spe cific mea sures of the num ber of years 
of school ing an in di vid ual is expected to have com pleted to at tain the highest ed u ca-
tional level an in di vid ual reported hav ing attended at the time of the sur vey and the 
num ber of years of ac tual at ten dance at that lev el. Grade rep e ti tion may in tro duce 
mea sure ment er ror; al though this ca veat should be borne in mind when interpreting 
the  re sults,  there  are  no  al ter na tive  in di ca tors  or  ter mi nol o gies  that  lack  sim i lar 
draw backs.1 Overweight  and  obe sity  sta tus  are  based  on weight  and  height  data 
recorded by trained per son nel us ing stan dard ized pro ce dures. I di vided body weight 
by height squared to cal cu late each in di vid u al’s body mass in dex (BMI) and trans-
formed this into a di chot o mous in di ca tor of whether an in di vid ual had a BMI above 
pre-established over weight and obese thresh olds set by the World Health Organiza-
tion (WHO 2015) based on risks to car dio vas cu lar health: 25 kg/m2 (over weight or 
obese) and 30 kg/m2 (obese).

Procedures and Statistical Analysis

As a bench mark for my anal y sis of the im pact of school ing on over weight or obe si ty, 
I es ti mate lin ear prob a bil ity mod els to as sess the as so ci a tion be tween years of school-
ing and the prob a bil ity of be ing over weight/obese. These are presented for de scrip-
tive pur poses and for com par i son with sub se quent mod els. Let Oi de note whether an 
in di vid ual i was over weight or obese at the time of the sur vey. The base line de scrip-
tive model is

 Oi = β0 +β1Schoolingi +β2Agei + Birthyeari +Wavet + States + εi ,  (1)

where i de notes the in di vid u al, t is the sur vey year, and s is the state. Schoolingi is the 
num ber of years of school ing com pleted by an in di vid ual at the time of the sur vey, 
with co ef fi cient β1; β0 is the in ter cept. I con trol for age mea sured in years (Agei) as 
well as dummy var i ables for each sur vey wave (Wavet) and birth year (Birthyeari). For 
com par i son with sub se quent mod els us ing state-level var i ables,  I  in cor po rate state 
fixed ef fects to con trol for un ob served time-in vari ant state char ac ter is tics cor re lated 
with the de pen dent and in de pen dent var i ables. Standard er rors are clus tered by state 
to ad dress the spa tial clus ter ing of UPE in ten si ty. I also re port wild boot strap p val ues 
given the small num ber of states (Cameron et al. 2008). All es ti ma tes are weighted 
us ing in di vid ual weights pro vided by the DHS.

As noted ear li er, years of school ing may be cor re lated with one or more un mea-
sured fac tors that ac count for the as so ci a tion be tween school ing and over weight or 
obe sity sta tus. To ad dress this pos si bil i ty, I es ti mate a se ries of mod els exploiting qua si-

1  Grade rep e ti tion may im ply that the con ver sion to years of school ing from an in di vid u al’s ed u ca tional 
level and the coun try-spe cific mea sures of the num ber of years of school ing typ i cally re quired to com-
plete that level could un der es ti mate an in di vid u al’s ac tual num ber of years of at ten dance. One al ter na tive 
strat egy is to la bel this var i able grades of school ing. However, this does not re solve is sues as so ci ated with 
grade rep e ti tion be cause the con ver sion to an in di vid u al’s school grade from in for ma tion about the num ber 
of years at the highest level attended could over es ti mate an in di vid u al’s highest grade if they re peated a 
grade. Furthermore, grades has an am big u ous mean ing in a non-U.S. con text, where it can also re fer to a 
score on a test.
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ran dom var i a tion in ex po sure to UPE and cor re spond ing dif fer ences in school ing. I 
es ti mate mul ti ple mod els addressing dif fer ent sources of bias (e. g., non com pli ance, 
un ob served confounding) and with dif fer ent pol icy im pli ca tions.

Intent-to-Treat Effect

I es ti mate the in ten tion-to-treat (ITT) ef fect (i. e., the ef fect of pol icy el i gi bil i ty) be-
cause of its pol icy rel e vance: the of fer of a pro gram such as free ed u ca tion is a pol icy 
le ver that can be con trolled, whereas forc ing par tic i pa tion is more chal leng ing (Ten-
Have et al. 2008). The ITT also pro vi des in sight into the over all health im pacts of the 
re form. This is rel e vant for assessing the re form’s wel fare con se quences, which have 
been ex ten sively de bated else where (Oyelere 2010). I draw on qua si-ran dom var i a-
tion in UPE el i gi bil ity according to an in di vid u al’s year of birth and es ti mate the ITT 
of ex po sure to UPE on the prob a bil ity of be ing over weight or obese. I reestimate Eq. 
(1) but re place the school ing var i able (Schoolingi ) in Eq. (1) with a dummy in di ca tor 
of el i gi bil ity for UPE (Eligiblei ); all  other fea tures of the model re main un changed.
Eligiblei takes a value of 1 for in di vid u als born in years that would make them el i-

gi ble for UPE, and a value of 0 if the re spon dent was born in a year that would make 
them too old to be el i gi ble for free pri mary school. Because Nigerian chil dren en ter 
pri mary school when they are ap prox i ma tely 6 years old, UPE might have af fected 
all  in di vid u als aged 6 or youn ger when the re form was implemented in 1976, with all  
those aged 7 or older be ing in el i gi ble at the age they started pri mary school. I mod-
ify these treat ment and con trol group age cut offs for four rea sons. First, I re strict the 
treat ment and con trol group co horts to a six-year age range to re duce bias that might 
arise from com par ing co horts who were born many years apart. Second, new school 
con struc tion in creased from 1974 on ward,  two years be fore the implementation of 
UPE. As a re sult, in di vid u als en ter ing pri mary school in 1974 may have also benefit-
ted from in creased ac cess to pri mary school. I there fore assigned those who were of 
pri ma ry-school age in 1974 (1–6 years old in 1974, born in 1968–1973), rather than 
1976, as el i gi ble for the UPE.

Third, Nigeria has a high prev a lence of over-age en roll ments in pri mary school. 
Historic data are not avail  able, but data from 2008 show that 29% of chil dren en ter-
ing the first grade of pri mary school were 8 years old (National Population Commis-
sion 2016). In ad di tion, be cause poor ear ly-life an thro po met rics can lead to delayed 
school en try, in di vid u als with low BMIs born in ear lier years may have en tered pri-
mary school af ter UPE was implemented (Glewwe and Jacoby 1995; Glewwe et al. 
2001). Some older chil dren may have there fore re ceived the “treat ment.” This would 
be par tic u larly prob lem atic if, for ex am ple, school ing re duces the prob a bil ity of be ing 
over weight or obese but the in el i gi ble (con trol) group contained in di vid u als who also 
re ceived  ad di tional  school ing  and were  es pe cially more  likely  to  have  poor  adult 
an thro po met rics be cause of poor child health (Black et al. 2013). The in clu sion of 
treated  in di vid u als  in  the con trol group could  then re duce dif fer ences be tween  the 
treated and con trol groups be cause of the in clu sion of in di vid u als with lower body 
weight as a re sult of ed u ca tion in both groups, thereby exerting down ward bias in my 
es ti ma tes. Furthermore, the ad di tional re sources granted to pri mary schools as part of 
UPE may have benefit ted those al ready en rolled. I there fore use a slightly older group 
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of women as  a  con trol group:  those  aged 15–20  in 1974  (born  in 1954–1959).  In 
ro bust ness checks, I test the sen si tiv ity of my re sults to my cat e go ri za tion de ci sions.

Local Average Treatment Effect

The ITT does not cap ture the ef fect of the treat ment ac tu ally re ceived (years of school-
ing) (Angrist and Pischke 2009) be cause of po ten tial non com pli ance. I there fore use 
an in stru men tal var i ables (IV) model to es ti mate the ef fect of a unit in crease in school-
ing on over weight/obe sity among  in di vid u als who ac tu ally  in creased  their years of 
school ing be cause of the UPE re form. I first es ti mate two-stage least squares (2SLS) 
re gres sion mod els us ing the di chot o mous in di ca tor of UPE el i gi bil ity (Eligiblei)  to 
in stru ment for to tal years of school ing in the first stage:

 Schoolingi = β0 +β1Eligiblei +β2Agei + Birthyeari +Wavet + States + εi.  (2)

Let Schooling!
i be the predicted value of in di vid ual i’s years of school ing from the 

first-stage re gres sion in Eq. (2). The sec ond-stage re gres sion is then as fol lows:

 Oi = β0 +β1Schooling
!

i +β2Agei + Birthyeari +Wavet + States + εi .  (3)

I in ter pret these IV es ti ma tes as lo cal to the sub pop u la tion that com plied with treat-
ment as sign ment, the lo cal av er age treat ment ef fect (LATE). Following rec om men-
da tions in the sta tis ti cal lit er a ture for ap ply ing IVs to bi nary de pen dent var i ables, I 
es ti mate lin ear prob a bil ity mod els (Angrist and Pischke 2009).

For IV es ti ma tes to have a causal in ter pre ta tion, the in stru ment must be in de pen-
dent of con found ers. Here, this implies that peo ple born be fore and af ter the UPE re-
form were not dis sim i lar in ways that would bias the ob served as so ci a tions. However, 
an un ob served change to co hort-level de ter mi nants of over weight/obe sity may have 
oc curred si mul ta neously or just af ter the re form. To ad dress this, I es ti mate a fur ther 
model in which I ex ploit with in-co hort var i a tion in ex po sure to the re form be cause 
of state dif fer ences in the num ber of new schools per cap ita in 1974–1978. I in ter act 
Eligible with my mea sure of the num ber of new schools per cap ita in an in di vid u al’s 
state of res i dence in 1974–1978 to cre ate a new in stru ment, Newschools× Eligible . I 
then reestimate Eqs. (2) and (3), with Newschools× Eligible replacing Eligible as the 
in stru ment for school ing in the first stage (Eq. (2)). All other fea tures of the model 
spec i fi ca tion re main the same.

Figure 3 plots the co ef fi cients and con fi dence in ter vals of the in ter ac tions be tween 
the num ber of new schools per cap ita in an in di vid u al’s state of res i dence and year of 
birth. The co ef fi cients of this in ter ac tion are not sta tis ti cally dif fer ent from zero for 
the oldest  co horts  (those un ex posed ).  For  those who were partly ex posed  (born  in 
1960–1967), only some co ef fi cients are sta tis ti cally sig nifi  cant. Among the ex posed 
co hort,  all   co ef fi cients  are  sta tis ti cally  dif fer ent  from ze ro,  suggesting  that  av er age 
years of school ing in creased among those who were ac tu ally el i gi ble for UPE and were 
born in states where more new schools were built. Furthermore, the mixed re sults for 
those who were partly ex posed sup ports my de ci sion to ex clude them from the treat-
ment group.
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695Effect of Schooling on Women’s Overweight and Obesity

Instrument Validity

UPE  el i gi bil ity  and  new  school  con struc tion  per  cap ita  cap ture  chang ing  school-
ing op por tu ni ties. To be valid in stru ments and sat isfy the ex clu sion re stric tion, new 
school con struc tion and UPE el i gi bil ity must af fect over weight or obe sity sta tus only 
via changes in school ing. New school con struc tion may be cor re lated with state-level 
fac tors  that  af fect wom en’s  over weight  or  obe sity  risk  in de pen dent  of  changes  in 
school ing op por tu ni ties, in clud ing the de ter mi nants of new school con struc tion, such 
as un mea sured eco nomic con di tions. To help ad dress this, I in clude state fixed ef fects 
to con trol for un ob served or un mea sured time-in vari ant state-level fac tors that may 
pre dict over weight/obe sity and cor re late with dif fer ences in school ing op por tu ni ties 
across states. In ro bust ness checks, I also sub sti tute state fixed ef fects for a con trol 
for pre-UPE fe male pri mary school en roll ment rate in the state in 1970. This ad justs 
for state-vary ing fac tors  that may be cor re lated with new school con struc tion,  that 
may in flu ence over weight/obe sity di rect ly, and that are also cap tured in the pre-UPE 
en roll ment share; ex am ples of such fac tors are the num ber of schools in an in di vid-
u al’s state of res i dence be fore the re form, pa ren tal school ing lev els, and lo cal eco-
nomic char ac ter is tics.

Two ad di tional vi o la tions of  the ex clu sion  re stric tion are pos si ble. Because  the 
UPE  re form  in cluded cur ric u lum changes,  it may have  af fected knowl edge of  the 
harms of over weight and obe sity and how to pre vent them in de pen dent of years of 
school ing. However, De Cao and La Mattina (2019) found no ev i dence that the new 
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cur ric u lum  in cluded  health  ed u ca tion. Another  pos si ble  vi o la tion  of  the  ex clu sion 
re stric tion  is  an  im pact  of UPE  on  school  qual i ty. Although  data  lim i ta tions  pre-
vent me from de fin i tively rul ing out this pos si bil i ty, Oyelere (2010) sys tem at i cally 
assessed changes  in po ten tial prox ies  for school qual ity and found no ev i dence of 
de te ri o rat ing qual ity (Oyelere 2010). I must also as sume mono to nic i ty: that ex po sure 
to the re form caused in di vid u als to ob tain more school ing or to have no change in 
school ing but did not lead some in di vid u als to ob tain less school ing. Previous an a-
ly ses of  the  re form noted  that  it was an un ex pect edly pop u lar pro gram and  led  to 
wide spread in creases in school ing, suggesting that vi o la tions of this as sump tion are 
un likely (Bray 1981; Csapo 1983).

A fi nal re quire ment for valid in fer ence from both of my IV es ti ma tes is that the 
in stru ments must be rel e vant in terms of hav ing had a suf fi ciently strong ef fect on 
school ing. Figure 3 pro vi des  sug ges tive graph i cal  ev i dence  to  sup port  this  for  the 
UPE  el i gi bil ity × new  school  con struc tion  in stru ment.  Furthermore,  this  as sump-
tion is test able in a first-stage anal y sis of the as so ci a tion of years of school ing with 
the  re spec tive  in stru ments. This  test  also  pro vi des  an  in di ca tion  of whether  over-
age en roll ment was an is sue for my anal y sis, which would weaken the as so ci a tion 
be tween coded UPE el i gi bil ity sta tus and years of school ing. Each in stru ment can be 
con sid ered rel e vant if the F sta tis tic for the in stru ment is greater than 10.

Results

Descriptive Analysis

Figure 4 out lines the se lec tion of the 10,746 DHS re spon dents in cluded in my an a-
lytic sam ple. Table 1 sum ma rizes their de mo graphic and an thro po met ric char ac ter-
is tics. On av er age, 33.6% of the sam ple was over weight or obese across all  sur vey 
years. This num ber is slightly higher than the pro por tion reported in pre vi ous an a ly-
ses of DHS data, which likely re flects the slightly older age of my sam ple (Kandala 
and Stranges 2014; Neupane et al. 2015).

Figure 5 plots school ing disparities in over weight/obe si ty; years of school ing are 
grouped according to the school ing lev els as so ci ated with dif fer ent years of school-
ing.  The  fig ure  shows  that  the  prob a bil ity  of  be ing  over weight/obese  was  low est 
among those with the least years of school ing (0 years of school ing/no ed u ca tion) and 
highest among those with the most years of school ing (>12 years of school ing/post-
sec ond ary ed u ca tion). The pro por tion of re spon dents who were over weight or obese 
in creased over time, from 1.9% in 2003 to 12.1% in 2013. The pat tern in Figure 5 is 
sim i lar when I ex am ine school ing disparities in the pro por tion of obese re spon dents 
(Figure A1,  online  ap pen dix).  In  both  Figure  5  and  Figure A1  (online  ap pen dix), 
school ing disparities are shown to be sim i lar in all  sur vey years.

The crude as so ci a tion be tween re spon dents’ years of school ing and over weight/ 
obesity  in Figure 5  is also ap par ent  in a mul ti var i ate  re gres sion mod el,  shown  in 
Table 2 (Model 1). Each ad di tional year of school ing was as so ci ated with a 3.0% 
(95% CI: 2.0 to 3.0) in crease in the prob a bil ity of be ing over weight or obese af ter 
the model ad justs for covariates. Furthermore, in di vid u als with sec ond ary or post-
sec ond ary  ed u ca tion  were  1.48  times  (95%  CI:  1.01  to  1.96)  more  likely  to  be 
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over weight or obese com pared with those with no ed u ca tion (see sec tion 3, online 
ap pen dix)—a find ing  com pa ra ble  to  a  pre vi ous  ob ser va tional  anal y sis  of Nigeria 
(Neupane et al. 2015). Although sug ges tive, these as so ci a tions might still be con-
founded by un ob served dif fer ences be tween those who attained more or fewer years 
of school ing.

79,953 women interviewed in
the 2003, 2008, and 2013

Nigerian DHS Surveys

1,937 missing weight and/or
height data

125 missing age data

77,617 women with valid age,

data for the study

1,107 not resident in state
where interviewed or
missing resident data

8,682 women pregnant or
gave birth in past month

1,781 women gave birth in
past month

66,166 women met age and
residency requirements

for the study

55,420 not in treatment
(born in 1968–1973) 

or control group
(born in 1954–1959)

10,746 women included

weight, height, and educa�on

192 missing educa�on data

in analy�c sample

Fig. 4  Selection of DHS respondents for analysis
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IV Estimates: First-Stage Results

Figure  6  pro vi des  sug ges tive  graph i cal  ev i dence  that  av er age  years  of  school ing 
in creased among co horts el i gi ble for UPE. Although the UPE re form abolished pri-
mary rather than sec ond ary school fees, the pro por tion com plet ing sec ond ary school 
also in creased (sec tions 4–5, online ap pen dix). This find ing likely re flects in creased 
el i gi bil ity for sec ond ary school (as a re sult of pri mary school com ple tion), aware ness 
of the ben e fits of school ing, the free ing of re sources pre vi ously spent on pri mary ed u-
ca tion fees, or a need for greater ed u ca tion to re main com pet i tive the la bor mar ket. 
The pro por tion com plet ing post sec ond ary ed u ca tion did not in crease.

My mul ti var i ate  re gres sion mod els  test ing  for mally  for  a  first-stage  as so ci a tion 
of be ing el i gi ble for UPE and years of school ing are presented in Table 2 (Model 2). 
Average years of school ing among those el i gi ble for the re form was 1.40 years higher 
(95% CI: 0.51 to 2.30) than among in el i gi ble in di vid u als. The in stru ment is con sid-
ered rel e vant if the F sta tis tic on the in stru ment in the first stage is greater than 10. The 
first stage in my mod els is strong, yield ing an F sta tis tic of 35.1. Model 3 in Table 2 
con firms the rel e vance of the UPE el i gi bil ity × new schools per cap ita in stru ment, as 
il lus trated  in Figure 3. Each ad di tional school per cap ita  in an  in di vid u al’s state of 
res i dence was as so ci ated with an ex tra 1.05 years of school ing (95% CI: 0.12 to 1.93) 
among those el i gi ble for UPE. As a for mal test of rel e vance, I again com pute the F 
sta tis tic. Here, the F sta tis tic was 36.2, again in di cat ing that my in stru ment was not 
weakly cor re lated with school ing.

ITT Estimates

Model 4 in Table 2 also shows the re sults from my es ti mate of the ITT—that is,  the 
im pact  of  be ing  el i gi ble  for  UPE  on  the  prob a bil ity  of  be ing  over weight  or  obese. 
Women who were el i gi ble for UPE were more likely to be over weight or obese than 
those not el i gi ble, but the co ef fi cient of be ing el i gi ble for UPE was not sta tis ti cally dif-
fer ent from zero at the 1%, 5%, or 10% sig nifi  cance thresh old (ef fect es ti ma te: 0.02; 
95% CI: −0.09 to 0.12).

Table 1 Participant char ac ter is tics: 2003, 2008, and 2013 Nigerian DHS sam ples

Variable 2003 2008 2013

Overweight or Obese (%) 0.30 0.31 0.40
(0.46) (0.46) (0.49)

Age 28.3 29.5 32.6
(7.27) (4.08) (1.88)

Years of Schooling 4.9 6.1 6.2
(5.06) (5.40) (5.48)

Number of Observations 1,568 5,098 4,080

Notes: Standard de vi a tions are shown in pa ren the ses. Statistics are cal cu lated us ing DHS sam ple weights. 
Sample sizes are un weight ed.

Source: Demographic Health Surveys Nigeria (2003, 2008, 2013).
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Fig. 5  Overweight and obesity by years of schooling in Nigeria, grouped according to approximate levels 
of attainment. Error bars show 95% confidence intervals for mean proportions. The x-axis categories cor-
respond to years of schooling among respondents: no education (0 years), primary education (1–6 years), 
secondary education (7–12), and postsecondary education (>12 years). The main models use a continuous 
schooling measure. Averages are calculated using DHS sample weights. Figure A1 in the online appendix 
shows obesity proportions only. Source: Demographic Health Surveys Nigeria (2003, 2008, and 2013).

LATE Estimates

My ITT es ti mate of ex po sure to the UPE re form was con sis tent in my 2SLS IV mod-
els of the LATE us ing UPE el i gi bil ity to in stru ment for years of school ing (Table 2, 
Model 5). Each ad di tional year of school ing in duced by the re form was as so ci ated 
with a 4.0% in crease  in  the prob a bil ity of be ing over weight or obese, but  this fig-
ure was not  sta tis ti cally dif fer ent  from zero  (ef fect  es ti ma te: 0.04; 95% CI: −0.01 
to 0.09). This re sult could be explained by un ob served co hort dif fer ences, which I 
ad dress by exploiting with in-co hort var i a tion in ex po sure to the re form due to state-
level dif fer ences in the num ber of newly constructed schools per cap ita in each state 
in  1974–1978  interacted with UPE  el i gi bil i ty. Model  6  in Table  2  shows  that my 
2SLS es ti ma tes exploiting state-level het ero ge ne ity pro duced re sults that were con-
sis tent with those presented ear li er: again, school ing had no sta tis ti cally iden ti fi able 
im pact on the prob a bil ity of be ing over weight or obese (ef fect es ti ma te: 0.06; 95% 
CI: −0.04 to 0.13).

Robustness Checks

Table 3 pres ents the re sults from a se ries of ro bust ness checks. First, I reestimate my 
model us ing a lin ear (Model 1) and qua dratic (Model 2) year-of-birth con trol to ad just 
for po ten tial lin ear and non lin ear birth co hort trends. Results are con sis tent with my 
main mod els. Second, it is still plau si ble that my null find ing is at trib ut  able to dif fer ences 
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in preexisting trends in over weight/obe sity in each state. I there fore es ti mate my mod els 
with a birth year × state in ter ac tion to ad just for state-level birth-year trends (Model 3). 
Third, I sub sti tute state fixed ef fects for the pre-UPE pri mary en roll ment share (Model 
4). This model helps ad just  for un ob served fac tors  that are cor re lated with pre-UPE 
school ing lev els and new school con struc tion and that might in flu ence over weight and 
obe sity in de pen dent of chang ing school ing op por tu ni ties, such as lo cal eco nomic con-
di tions and pa ren tal eco nomic cir cum stances (McLaren 2007).

I then con duct a pla cebo anal y sis in which I code in di vid u als born in 1956–1961 
as treated and those born in 1950–1955 as un treat ed. Because nei ther group should 
have been af fected by UPE, ob serv ing a neg a tive or pos i tive UPE ef fect (which could 
off set the true school ing ef fect) when com par ing these two groups would di min ish 
con fi dence that my mod els can cap ture any school ing ef fect, rather than a time trend. 
I find no sig nifi  cant ef fect (Model 5, Table 3).

My  anal y sis  links  in di vid u als  to  states  based  on  their  state  of  res i dence  at  the 
time they were interviewed for the DHS, but in di vid u als may have mi grated since 
child hood. Data from the 2010 Internal Migration Survey conducted by the National 

Table 2 Effect es ti ma tes

Model Exposure Outcome

Effect Estimate 
(95% con fi dence 

in ter val)

Wild 
Bootstrap 
p Value

Model 1: Correlation Years of school ing Overweight or obese 0.03 <.001
(0.02 to 0.03)

Model 2: First Stage UPE el i gi bil i tya Years of school ing 1.40 .01
(0.51 to 2.30)

Model 3: First Stage UPE × new schoolsb Years of school ing 1.05 .004
(0.12 to 1.93)

Model 4: ITT UPE el i gi bil ity Overweight or obese 0.02 .76
(−0.09 to 0.12)

Model 5: 2SLS,  
UPE Eligibility Years of school ing Overweight or obese 0.04 .13

(−0.01 to 0.09)
Model 6: 2SLS,  
UPE × New Schools Years of school ing Overweight or obese 0.06 .60

(−0.04 to 0.13)

Notes: All mod els are es ti mated us ing DHS sam ple weights. All mod els con trol for age, birth-year fixed 
ef fects, and state fixed ef fects. Models 1 is es ti mated per Eq. (1). Model 2 is es ti mated per Eq. (2). Model 3 
is per Eq. (2) but sub sti tutes UPE el i gi bil ity with UPE × new schools. Model 4 is per Eq. (1) but sub sti tutes 
school ing with UPE el i gi bil ity sta tus. Models 5 and 6 are per Eq. (3) but with dif fer ent in stru ments in the 
first-stage Eq. (2). All mod els con trol for a con tin u ous mea sure of age; the rate of fe male pri mary school 
en roll ment in 1970; and sur vey, state, and birth-year fixed ef fects. Standard er rors used to cal cu late 95% 
con fi dence in ter vals are clus tered at the state lev el. Wild clus ter boot strap p val ues are cal cu lated us ing 
pro ce dures de scribed in Cameron et al. (2008). Residuals are re peat edly resampled by clus ter to form a 
pseu do-de pen dent var i able, and the model is es ti mated for each resampled data set. The p val ues are the 
pro por tion of bootstrapped t sta tis tics that are at least as large as the t value from the orig i nal mod el.

Source: Demographic Health Surveys Nigeria (2003, 2008, 2013).
a UPE el i gi bil ity is based on birth year.
b The co ef fi cient of UPE el i gi bil ity is interacted with new schools per cap ita in the re spon dent’s state.
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Population Commission show that 11.4% (stan dard de vi a tion = 8.5) of Nigerians had 
mi grated in ter nally at least once by the date of the sur vey (International Organization 
for Migration 2016). Migrants tend to be more healthy than non mi grants (Kennedy 
et al. 2006; Newbold 2005). Thus, a con cern for my anal y sis  is whether a healthy 
mi grant ef fect off set the true ef fect of school ing. For ex am ple, if rel a tively healthy 
in di vid u als who were less  likely to be over weight or obese moved to states where 
more new schools were built but moved af ter they had com pleted pri mary school in 
an other state, then my null find ing could be at trib ut  able to a healthy mi grant ef fect 
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Fig. 6  Trends in educational attainment by birth cohort and UPE exposure. The point size is proportional 
to the number of respondents. Averages are calculated using DHS sample weights. The education scale 
refers to highest education level achieved: 0 = no primary education, 1 = primary education, 2  = secondary 
education, and 3 = postsecondary education. See Figure A1 in the online appendix for an additional figure 
showing changes to secondary and postsecondary education. Source: Demographic Health Surveys Nige-
ria (2003, 2008, and 2013).
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counteracting the true, pos i tive ef fect of school ing. Such con cerns would be par tic u-
larly im por tant if in ter nal mi gra tion was higher in states with more newly constructed 
schools. Although data avail abil ity  is  lim it ed,  the as so ci a tion be tween  the  in ter nal 
mi grant  share  in 2010 and  the num ber of new schools per cap ita  in 1974–1978  is 
weak and is not sta tis ti cally sig nifi  cant (Pearson’s r = –.34, p  =  .15).

Furthermore, I re strict the sam ple to in di vid u als who said they had al ways lived 
where  they were  interviewed (Model 6, Table 3) and who had  lived where  they 
were  interviewed since  their 4th birth day (Model 7, Table 3). These re stric tions 
are con ser va tive be cause they ex clude in di vid u als who were ed u cated where they 
cur rently  live but moved else where  in be tween. As an ad di tional  test,  I ex clude 
Lagos from the sam ple (Model 8, Table 3) be cause it is a state with a large in ter-
nal mi grant  share  (National Population Commission 2016).  I  also ex clude  from 
my anal y sis all  states with in ter nal mi grant shares more than 1 stan dard de vi a tion 

Table 3 Additional an a ly ses and ro bust ness checks: 2SLS re sults us ing UPE el i gi bil ity and new schools 
per cap ita to in stru ment for years of school ing

Model
Effect 
Estimate

95 % Confidence 
Interval

Wild Bootstrap 
p Value

Model 1: Linear Birth-Year Trend 0.05 (−0.03 to 0.13) .51
Model 2: Quadratic Birth-Year Trend 0.05 (−0.03 to 0.13) .49
Model 3: State Birth-Year Trends 0.12 (−0.17 to 0.41) .58
Model 4: Pre-UPE Primary Enrollment Rate Control 0.05 (−0.11 to 0.20) .57
Model 5: Placebo Treatment 0.02 (−0.43 to 0.47) .83
Model 6: Permanent Residents Only 0.05 (−0.04 to 0.13) .55
Model 7: Resident Since 4 Only 0.05 (−0.04 to 0.13) .55
Model 8: Exclude Lagos 0.04 (−0.04 to 0.13) .64
Model 9: Exclude High Migration Statesa 0.09 (−0.01 to 0.20) .75
Model 10: Exclude States With >10% Migrants 0.09 (−0.002 to 0.18) .78
Model 11: 1976 Cohort Cutoff 0.02 (−0.21 to 0.24) .88
Model 12: 1974 Cohort Cutoff, All Respondents 0.06 (−0.08 to 0.20) .73
Model 13: 1976 Cohort Cutoff, All Respondents 0.004 (−0.78 to 0.78) .88
Model 14: Federal Funds as Instrumentb −0.27 (−6.90 to 6.40) .75
Model 15: Pre-UPE Enrollment as Instrumentc 0.01 (−0.04 to 0.07) .64
Model 16: BMI Outcome 0.34 (−0.60 to 1.30) .65

Notes: Similar ex clu sion re stric tion as sump tions ap ply for these in stru ments and my orig i nal in stru ment. 
Standard er rors to cal cu late 95% con fi dence in ter vals are clus tered at the state lev el. Wild clus ter boot-
strap p val ues are cal cu lated us ing pro ce dures de scribed in Cameron et al. (2008). Residuals are re peat edly 
resampled by clus ter to form a pseu do-de pen dent var i able, and the model is es ti mated for each resampled 
data set. The p val ues are the pro por tion of bootstrapped t sta tis tics that are at least as large as the t value 
from the orig i nal mod el. All mod els are es ti mated us ing DHS sam ple weights. See  the main  text  for a 
full de scrip tion of each ro bust ness check. Models 1–9 and 12–16 show an ef fect of an ad di tional year of 
school ing on the prob a bil ity of be ing over weight or obese from two-stage least squares re gres sion mod els 
us ing UPE el i gi bil ity × new schools per cap ita as an IV; Models 10 and 11 in ter act el i gi bil ity with two 
al ter na tive in stru ments listed in the left hand col umn.
a Model 9 ex cludes states with mi grant share more than 1 stan dard de vi a tion higher than the mean.
b F sta tis tic = 18.1.
c F sta tis tic   = 23.5.

Source: Demographic Health Surveys Nigeria (2003, 2008, 2013).
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larger than the mean (Model 9, Table 3) and larger than 10% in 2010 (Model 10, 
Table 3). I again find no sig nifi  cant ef fect of school ing.

Next, I eval u ate the sen si tiv ity of my re sults to my co hort cat e go ri za tion de ci sions. 
I reestimate the ef fect of school ing us ing the of fi cial UPE 1976 implementation date 
as a co hort cut off, with those born in 1970–1975 in the treat ment group and those born 
in 1956–1961 in the con trol group (Model 11, Table 3). I also ex pand the age range 
of the con trol and treat ment groups: I in clude in the con trol group all  in di vid u als who 
were older than 15 when UPE was implemented in both 1974 (Model 12, Table 3) 
and 1976 (Model 13, Table 3) and in clude in the treat ment group all  in di vid u als who 
were 6 or youn ger in those years. Results are com pa ra ble to my orig i nal es ti ma tes.

Two al ter na tive in stru ments for years school ing have been used in de mo graphic 
and po lit i cal an a ly ses of the Nigerian UPE: pre-UPE pri mary school en roll ment and 
fed eral  dis burse ments  for  new  school  con struc tion  (Larreguy  and Marshall  2017; 
Osili and Long 2008). I use the num ber of new schools per cap ita as an in stru ment on 
the as sump tion that it is a bet ter proxy for chang ing school ing op por tu ni ties. I nev er-
the less eval u ate whether my re sults are sen si tive to my choice of in stru ments. Models 
14 and 15 in Table 2 show that my es ti mate of the ef fect of school ing is con sis tent 
when al ter na tive in stru ments are used. However, the first stage is weaker com pared 
with my orig i nal in stru ment, which sup ports my in stru ment choice.

I orig i nally used a di chot o mous in di ca tor of an in di vid u al’s over weight or obe-
sity sta tus rather than a con tin u ous mea sure be cause in creases in BMI can have very 
dif fer ent im pli ca tions depending on the ini tial value (Goryakin et al. 2015). I nev er-
the less reestimate my mod els us ing a BMI scale and find that this al ter na tive opera-
tionalization pro duces con sis tent re sults (Model 16, Table 3). As a fur ther ro bust ness 
check, I es ti mate a gen er al ized lin ear mixed model  in cor po rat ing av er age years of 
school ing at the state lev el. This test assesses whether peer ed u ca tion and as so ci ated 
spill over  ef fects  influ enced  in di vid u al’s  over weight  or  obe sity  risk  and  at ten u ated 
the  in di vid u al-level  school ing  co ef fi cient  (Kravdal  2012).  In  ad di tion,  I  orig i nally 
conducted all  an a ly ses us ing in di vid ual weights pro vided by the DHS. Incorporat-
ing sam ple weights can im pact the ef fi ciency of the es ti ma tors and sta tis ti cal power 
(Solon et al. 2015). As shown in sec tions 6 and 7 of the online ap pen dix, I find com-
pa ra ble re sults in both tests.

Finally, I as sess whether the im pact of school ing varies according to sociodemo-
graphic  and  con tex tual  var i ables  that  can mod ify  the  as so ci a tion  be tween  school-
ing and body weight. I eval u ate whether the im pact of school ing var ied by sur vey 
year (Dinsa et al. 2012), by ur ban (rather than ru ral) lo ca tion (Kandala and Stranges 
2014), and by re li gious af fil i a tion (Kim and Sobal 2004). I fur ther eval u ate var i a tion 
in school ing im pacts according to an in di vid u al’s age, mar i tal sta tus, and num ber of 
chil dren (Gore et al. 2003; Lee et al. 2005). Additional school ing had no sta tis ti cally 
sig nifi  cant im pact in any sub group (sec tion 8, online ap pen dix).

Discussion

This pa per pres ents what  is,  to my knowl edge,  the first qua si-ex per i men tal  anal y sis 
of the causal link be tween wom en’s school ing and over weight or obe sity sta tus in an 
LMIC: Nigeria. Using ex og e nous var i a tion in wom en’s years of school ing due to dif-
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fer ences in pri mary school ac cess across birth co horts and states, I found that each ad di-
tional year of school ing caused by the pol icy change was as so ci ated with a 6% in crease 
in the prob a bil ity of be ing over weight or obese. However, this ef fect es ti mate was not 
sta tis ti cally dif fer ent from ze ro. In sub se quent an a ly ses, I eval u ated the sen si tiv ity of 
my re sults to my model and sam ple spec i fi ca tions and ex am ined whether the im pact of 
school ing var ied across sub groups. Additional school ing was cor re lated with a higher 
prob a bil ity of be ing over weight or obese in all  spec i fi ca tions; how ev er, con sis tent with 
my main re sults, these as so ci a tions were not sta tis ti cally sig nifi  cant.

These find ings have im por tant im pli ca tions for three in ter re lated bod ies of schol-
ar ship.  First,  my  re sults  dif fer  mark edly  from  pre vi ous  ob ser va tional  an a ly ses  of 
school ing-re lated  disparities  in  over weight/obe sity  in Nigeria.  Prior  stud ies  found 
a pos i tive as so ci a tion be tween years of school ing and the prob a bil ity of be ing over-
weight or obese among Nigerian women (Kandala and Stranges 2014; Neupane et al. 
2015). Yet, my qua si-ex per i men tal anal y sis found no sig nifi  cant ef fect of ad di tional 
school ing. This sug gests  that  the pos i tive as so ci a tion be tween school ing and over-
weight/obe sity in Nigeria is at trib ut  able to un ob served char ac ter is tics that lead in di-
vid u als  to ob tain more years of  school ing  rather  than a  causal  ef fect of  school ing 
itself. Correlational es ti ma tes there fore ap pear to over state the im pact of school ing 
on over weight/obe sity sta tus in Nigeria be cause they cap ture the in flu ence of other 
fac tors.  This  has  wider  im pli ca tions  for  re search  concerning  wom en’s  school ing, 
over weight/obe si ty, and as so ci ated inequalities in LMICs. By show ing that the as so-
ci a tion be tween school ing and over weight/obe sity sta tus  in an LMIC is not ro bust 
to  ad just ments  for  un ob served  con found ers, my find ings  are  rel e vant  for  re search 
pertaining to many LMICs where a pos i tive cor re la tion be tween school ing and over-
weight/obe sity was pre vi ously documented (Dinsa et al. 2012). I iden ti fied one case 
in which  this cross-sec tional as so ci a tion ap pears  to be spu ri ous, which calls  into 
ques tion the causal na ture of such cor re la tions else where.

Second, my find ings con trast with qua si-ex per i men tal stud ies find ing  that ad di-
tional years of school ing re duced the prob a bil ity of be ing over weight or obese among 
women in sev eral HICs (Hamad et al. 2018). One pos si ble ex pla na tion for this dif-
fer ence  is  that a  range of con tex tual char ac ter is tics mod ify  the scope or  im pact of 
mech a nisms linking school ing to over weight/obe sity in Nigeria. Contextual fac tors 
that may be rel e vant in clude id i o syn cra sies in the ed u ca tion sys tem or the broader 
Nigerian  con text  that di min ish  the  im por tance of  school ing  and/or  the  ad van tages 
that fol low, such as an ab sence of health ed u ca tion in the cur ric u lum or the sparse 
avail abil ity  of  rel e vant  health  in for ma tion  typ i cally  accessed  by  ed u cated  groups 
else where. Schooling may also con fer  in di vid u als with a  range of ad van tages  that 
re duce the risk of over weight or obe si ty, but these ad van tages may be off set by so cio-
cul tural pres sures that en cour age larger body size, high-cal o rie di ets, and low phys i-
cal ac tiv ity (Brink 1989; Oe 2009).

Insofar as con tex tual fac tors do ex plain my re sults, the con trast be tween my find-
ings and stud ies of HICs im ply that school ing’s pro tec tive ef fects in HICs could be 
fun da men tally linked to so ci e tal char ac ter is tics that per tain to HICs and hence con-
fer ad van tages to more-ed u cated groups rather than any in her ent, uni ver sal qual ity 
of ad di tional school ing alone (Hayward et al. 2015; Phelan et al. 2010). Alternative 
in ter pre ta tions, how ev er, are pos si ble: there may be un ob served con found ers, and the 
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UPE re form may have corresponded to a re duc tion in the qual ity of ed u ca tion. Future 
re search should ex am ine mul ti ple con texts to de ter mine whether and how con tex tual 
fac tors in LMICs and HICs al ter school ing’s ef fects on over weight and obe si ty.

Third, schol ars and pol icy pro fes sion als have reg u larly pro moted school ing and 
ed u ca tion re forms as a means of im prov ing pop u la tion health, re duc ing health inequi-
ties, and achiev ing di verse health-re lated Sustainable Development Goals (Mechanic 
2007; UN 2015; WHO 2017). Indeed, wom en’s school ing op por tu ni ties have ex panded 
con sid er ably over the past 30 years (Roser and Ortiz-Ospina 2016). The re sults from 
this study, how ev er, show a null ef fect of ad di tional school ing on over weight/obe sity 
in Nigeria. Although school ing re forms can be ef fec tive in im prov ing di verse health 
be hav iors and out comes tra di tion ally as so ci ated with LMICs, such as child nu tri tion, 
the re sults from this study sug gest that such pol i cies are likely to have lim ited ef fec-
tive ness in re duc ing over weight/obe sity in Nigeria and pos si bly in other LMICs. This 
im pli ca tion is par tic u larly rel e vant in the con text of the chang ing dis ease bur den in 
Nigeria  and other LMICs, which  is  now  shifting  to ward  an  in creas ing prev a lence 
of over weight- and obe si ty-re lated  illnesses  that were once com mon only  in HICs 
(Ebrahim et al. 2013; Lim et al. 2012). My find ings sug gest that al though school ing 
may be a pow er ful driver of re duc tions in many so-called dis eases of pov erty tra di-
tion ally as so ci ated with LMICs like Nigeria, these ben e fits may not nec es sar ily ap ply 
to the con tem po rary chal lenge of over weight/obe sity and as so ci ated dis eases of af flu-
ence now fac ing Nigeria and, quite pos si bly, other LMICs.

Limitations

This study has sev eral lim i ta tions, and in fer ences from my IV es ti ma tes rest on some 
un test able as sump tions. First, I as sume that ex po sure to the UPE re form af fected over-
weight/obe sity risk only through changes in school ing and sub se quent path ways (i. e., 
the ex clu sion re stric tion). Efforts to build new schools may have cre ated em ploy ment 
op por tu ni ties  in  the  con struc tion  sec tor.  It  could  there fore  be  ar gued  that  the  null 
ef fect could be at trib ut  able to an ef fect of im prov ing fam ily eco nomic cir cum stances 
(in creas ing  the abil ity  to pur chase cal o rie-dense foods,  for ex am ple) counteracting 
the ef fect of  school ing  (if  school ing  re duces  the  risk of over weight/obe si ty). Prior 
re search, how ev er, has found that the di rec tion of the as so ci a tion of fam ily wealth 
and school ing on over weight/obe sity sta tus are com pa ra ble (rather than op pos ing), 
mak ing it un likely that school ing and pa ren tal eco nomic cir cum stances had offsetting 
ef fects that led to a null re sult (Chukwuonye et al. 2013; Kandala and Stranges 2014; 
Neupane et al. 2015). A re lated point is that data were not avail  able to as sess whether 
new school con struc tion was cor re lated with qual ity of ed u ca tion across states. Dete-
riorating school ing qual ity may have di min ished or off set any im pact of  in creased 
years of school ing, caus ing the school ing co ef fi cient to un der es ti mate the true ef fect. 
Although Oyelere’s  (2010)  anal y sis  sug gests  that  this may not be  the  case,  fu ture 
stud ies should col lect more de tailed in for ma tion concerning school ing qual ity dur ing 
ed u ca tional re forms in or der to help over come such is sues.

Second, in or der to in ter pret my re sults as the LATE, I must as sume mono to nic-
i ty. The pop u lar ity of the UPE re form sug gests that vi o la tions of this as sump tion are 

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/58/2/685/909769/685barlow

.pdf by guest on 13 M
arch 2024



706 P. Barlow

un likely but could be pos si ble if, for ex am ple, per sons with a strong pref er ence for 
small school sizes dropped out as a re sult of in creased school sizes af ter the re form.

Third, in com plete mi gra tion data in the DHS prevented me from iden ti fy ing whether 
my re sults were at trib ut  able to mi gra tion pat terns. However, my re sults were con sis-
tent in tests that eval u ated the sen si tiv ity of my re sults to se lec tive mi gra tion with 
avail  able da ta.

Fourth, an im por tant lim i ta tion per tains to mea sure ment is sues. The DHS cal cu-
lates expected years of school ing based on the num ber of years usu ally re quired to 
achieve the highest level of ed u ca tion an in di vid ual reported hav ing com plet ed, plus 
the num ber of years at higher lev els. This cal cu la tion may cap ture mea sure ment er ror 
due to grade rep e ti tion or grade skip ping.

Fifth, the causal ef fects that I es ti mated are also lo cal to the sub pop u la tion of com-
pli ers and may not be gen er al iz able to other sub groups. Furthermore, the co ef fi cient 
of school ing was pos i tive but not sta tis ti cally sig nifi  cant in any of my model spec-
i fi ca tions, but the true ef fect may be pos i tive for some in di vid u als and neg a tive for 
oth ers, lead ing to no av er age ef fect. In my sub group an a ly ses, I in ves ti gated het ero-
ge ne ity according to mul ti ple sociodemographic char ac ter is tics. I iden ti fied no ef fect, 
but there may be un mea sured var i a tion.

Furthermore, Nigerians may also value larger body sizes for men, and it re mains 
un cer tain whether the re sults from my study ap ply to men too. Nigeria is also a large 
coun try, and there may be with in-coun try var i a tion in the so cio cul tural and con tex-
tual  var i ables  that might  ex plain my  re sults. However,  data were  not  avail  able  to 
as sess  so cio cul tural  norms,  val ues,  and pres sures  that  en cour age  larger  body  size, 
lim it ing my abil ity to as sess the ex tent to which these fac tors ex plain my re sults. This 
points to a need to ob tain such data and per form ad di tional het ero ge ne ity an a ly ses in 
fu ture stud ies.

Finally, my find ings may be par tic u lar  to the Nigerian con text (Brink 1989; Oe 
2009). Several stud ies have suggested that larger body sizes are cul tur ally val ued in 
other LMICs and have iden ti fied a pos i tive as so ci a tion be tween school ing and over-
weight/obe sity (Dinsa et al. 2012; Neupane et al. 2015). My find ings may also ap ply 
to those con texts. More re search is nev er the less nec es sary to as sess the gen er al iz abil-
ity of my re sults.

Conclusion

These lim i ta tions not with stand ing, this study iden ti fied that each ad di tional year of 
school ing was not caus ally as so ci ated with a change in wom en’s over weight or obe-
sity risk in Nigeria. The con trast be tween this find ing and pre vi ous re sults from HICs 
sug gests that con tex tual fac tors may play an im por tant role in calibrating the ef fect of 
school ing on wom en’s over weight and obe sity in dif fer ent countries and con trib ute 
to a null ef fect in the case of Nigeria. Furthermore, these re sults sug gest that cor re-
la tional stud ies are con founded by un ob served var i a tion and  thus over es ti mate  the 
causal ef fect of school ing on over weight and obe sity in Nigeria. This calls into ques-
tion the causal na ture of pos i tive as so ci a tions iden ti fied in other con texts and dem on-
strates the need for more ro bust qua si-ex per i men tal re search to ex am ine the ef fect of 
school ing on over weight and obe sity in LMICs. ■
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