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Extreme Heat, Birth Outcomes, and Socioeconomic 
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ABSTRACT We inves ti gate the effect of extreme heat on birth out comes and how this 
effect may vary by fam ily socio eco nomic sta tus (SES). We cre ate a detailed data set 
by linking indi vid ual-level data on approx i ma tely 4 mil lion new borns in Span ish pro-
vin cial cap i tals between 1990 and 2016 with pre cise mete o ro log i cal data on the tem-
per a tures chil dren expe ri enced through out their ges ta tion. The out comes are pre term 
birth, low birth weight, and very low birth weight. Socioeconomic sta tus is assessed 
using par ents’ highest occu pa tional level. We find that the inci dence of neg a tive birth 
out comes increased for chil dren exposed to extreme heat in early ges ta tion. Further, the 
effect is con cen trated mostly among chil dren from a low socio eco nomic back ground. 
Given the impor tance of birth out comes for the next gen er a tion’s well-being, our results 
high light the poten tial con tri bu tions of extreme tem per a tures to the wid en ing of preex-
isting socio eco nomic inequalities. The fore casted increase in extreme cli matic events 
makes the results of this study concerning, espe cially for low-SES chil dren.

KEYWORDS Temperature • Birth out comes • SES inequalities

Introduction

The aver age global tem per a ture has risen by approx i ma tely 1.5ºC since the pre in-
dus trial period (Cramer et al. 2018), and cli mate fore cast ers expect even more severe 
increases in the com ing decades (Beniston et al. 2007; Fischer et al. 2012). Concerns 
about ris ing global tem per a tures have stim u lated research on the con se quences of 
cli matic con di tions. A grow ing body of research has been inves ti gat ing the con se-
quences of extreme tem per a tures, seasonality, and mete o ro log i cal phe nom ena on a 
broad array of social out comes, such as income, mor tal ity, mor bid ity, fer til ity, cog-
ni tive abil ity, edu ca tional achieve ment, men tal health, and birth out comes (Barreca 
et al. 2018; Currie and Rossin-Slater 2013; Dell et al. 2014; de Oliveira et al. 2021; 
Deschênes et al. 2009; Isen et al. 2017; Wilde et al. 2017).

In this arti cle, we pro vide novel evi dence on the con se quences of extreme heat on 
birth out comes and its var i a tions across socio eco nomic groups. We ask two research 
ques tions. First, does extreme heat dur ing ges ta tion affect birth out comes? Second, 

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/5/1631/1646327/1631conte.pdf by guest on 17 April 2024

https://doi.org/10.1215/00703370-10174836
https://doi.org/10.1215/00703370-10174836


1632 R. Conte Keivabu and M. Cozzani

is the effect of extreme heat strat i fied by paren tal socio eco nomic sta tus (SES)? To 
address these ques tions, we cre ate an exhaus tive data set. We link indi vid ual-level 
data on approx i ma tely 4 mil lion new borns in Span ish pro vin cial cap i tals between 
1990 and 2016 with pre cise mete o ro log i cal data on the tem per a tures chil dren expe ri-
enced through out ges ta tion.

The pre na tal period may have life long impli ca tions. It rep re sents a sen si tive 
stage of human devel op ment, and even small adverse events while in the womb may 
have pro found con se quences on fetal devel op ment and birth out comes (Almond and 
Currie 2011; Almond et al. 2018; Barker 1990), which influ ence chil dren’s future 
well-being (Black et al. 2007; Härkönen et al. 2012; Palloni 2006; Torche 2018). 
Climate affects birth out comes: prolonged expo sure to extreme heat in utero may 
com pro mise fetal growth, increas ing the inci dence of adverse birth out comes, such 
as low birth weight (LBW) and pre term birth (PTB) (Chen et al. 2020; Deschênes 
et al. 2009).

Yet, less is known about whether these con se quences are the same for chil dren 
from dif fer ent socio eco nomic back grounds. Three large review stud ies on the con-
se quence of cli mate on birth out comes iden ti fied only a hand ful of stud ies inves ti
gat ing whether SES mod er ates the adverse con se quences of extreme tem per a tures 
on birth out comes (Bekkar et al. 2020; Chersich et al. 2020; Zhang et al. 2017). 
Further, these stud ies led to mixed results. Four stud ies found that low-SES chil-
dren are more vul ner a ble to extreme tem per a tures in China, Vietnam, and New 
York City (Chen et al. 2020; Le and Nguyen 2021; Liu et al. 2022; Ngo and  Horton 
2016). By con trast, one arti cle found no clear het ero ge neous effect in Seoul, Korea 
(Son et al. 2019), another found no dif fer ences in Hungary (Hajdu and Hajdu 
2021), and yet another found a larger risk among socially advan taged moth ers in 
California (Basu et al. 2018).

Our study builds on this lit er a ture and con trib utes in sev eral ways to the under-
stand ing of the het ero ge neous effect of extreme heat on birth out comes. First, 
whereas most pre vi ous stud ies focused on a sin gle mea sure of birth out comes, we 
study mul ti ple indi ca tors: LBW, PTB, and very low birth weight (VLBW). Second,  
with two excep tions (Basu et al. 2018; Hajdu and Hajdu 2021), prior stud ies on 
extreme heat in urban pop u la tions focused on a sin gle city. Here, we pro vide a 
com pre hen sive account of the het ero ge neous effect of extreme heat on the  
Span ish urban pop u la tion, study ing all  births over a 27-year period (1990–2016). 
Spain rep re sents an inter est ing case study because aver age tem per a tures increased 
faster there than in other Euro pean countries (Cramer et al. 2018) and because it 
has sig nifi  cant crosscity var i a tion in cli matic con di tions. Third, given the mixed 
results from devel oped countries (Basu et al. 2018; Hajdu and Hajdu 2021; Ngo 
and  Horton 2016; Son et al. 2019), our com pre hen sive results from Spain pro vide 
new impor tant, incre men tal evi dence on the socio eco nomic het ero ge ne ity of the 
effect of extreme tem per a tures on birth out comes. We believe that study ing how 
the con se quences of cli matic events inter act with SES is an impor tant way to com-
pre hend how cli mate change could shape socio eco nomic inequalities in the future. 
Moreover, we con trib ute to the broader lit er a ture on the unequal con se quences of 
dis rup tive life events and their strat i fi ca tion by SES in a pop u la tion (Aquino et al. 
2022; Bernardi 2014; Conley 2008).
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Background

Extreme Temperatures and Birth Outcomes: Biological Mechanisms

Changing cli matic con di tions, par tic u larly extreme heat, may expose moth ers and 
fetuses to new envi ron men tal stress ors, harming mater nal well-being and fetal devel-
op ment. First and fore most, preg nant women expe ri ence hor monal, met a bolic, and 
ana tom i cal changes that cause phys i cal strain and make them more sus cep ti ble to 
extreme cli matic con di tions (Chersich et al. 2020; Laburn 1996; Wells 2002). These 
mater nal char ac ter is tics trans late into vulnerabilities for the fetus, whose abil ity to 
absorb and dis si pate heat depends entirely on the mother: approx i ma tely 85% relies 
on mater nal blood cir cu la tion, and the remaining 15% depends on amni otic flu ids and 
the pla cen tal walls (Laburn 1996; Polin et al. 2011).

Extreme heat can lead to mater nal hyper ther mia, which has been shown to have 
ter a to genic effects,1 lead ing to birth defects. In ani mal stud ies on guinea pigs, a heat-
wave in the 1960s was linked to mis car riages as well as birth defects, such as micro-
ceph aly, anen ceph aly, reduced limb length, and heart and renal defects (Edwards 
1998; Graham 2005). In human stud ies, the ter a to genic effects of mater nal hyper-
ther mia are more mixed. Some stud ies linked prolonged expo sure to sau nas and hot 
tubs to birth defects (Duong et al. 2011; Milunsky et al. 1992), whereas other stud ies 
contested these find ings (e.g., Ravanelli et al. 2019). Maternal hyper ther mia seems 
to be linked to ges ta tional anom a lies through the dis rup tion of pro tein con for ma tion 
and func tion among devel op ing tis sues (Polin et al. 2011). Fetal hyper ther mia is also 
likely to occur because the fetus’ rap idly forming tis sues pro duce a large amount 
of heat—approx i ma tely twice the amount that adult tis sues pro duce (Laburn 1996). 
Fetal brain devel op ment is one of the most heat-pro duc ing pro cesses dur ing fetal 
for ma tion, but brain tis sues are also those more sen si tive to heat (Laburn 1996). 
Maternal hyper ther mia is also linked to intra uter ine fetal growth restric tion through 
pla cen tal deficiencies, such as reduced uter ine and umbil i cal blood flow (Regnault 
et al. 2005). There is no com plete con sen sus on how prolonged such heat expo sure 
has to be to lead to fetal health insults. Both a body tem per a ture increase beyond 2°C 
for more than an hour and prolonged milder body tem per a ture increases (i.e., 0.6°C) 
trig ger adverse effects (Regnault et al. 2005).

Medical lit er a ture on ges ta tional hyper ther mia sug gests that the preg nancy stage at 
which extreme heat expo sure occurs mat ters for fetal devel op ment. The ter a to genic 
effects of early-preg nancy hyper ther mia on limbs and other organs have been doc-
umented (Graham 2005; Polin et al. 2011). Similarly, ani mal stud ies also found that 
heat expo sure is linked with intra uter ine growth restric tions in the first and sec ond 
tri mes ters of ges ta tion (Bell et al. 1987; Regnault et al. 2005). Yet, the epi de mi o log i-
cal and social sci ence lit er a ture on the effect of heat on birth out comes has pro duced 
mixed results on tri mes ter sen si tiv ity: some stud ies found larger esti ma tes in the first 
and sec ond tri mes ters (Cho 2020; Ngo and Horton 2016), and oth ers found larger 
esti ma tes in the sec ond and third tri mes ters (Chen et al. 2020; Deschênes et al. 2009; 

1 That is, hyper ther mia may affect cell and tis sue devel op ment in the fetus.
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Hajdu and Hajdu 2021). These dif fer ences may be related to a fail ure to account for 
selec tive mor tal ity of fetuses exposed in early preg nancy (Bruckner and Catalano 
2018; Hajdu and Hajdu 2021).

SES and the Stratified Effect of Extreme Heat

Some stud ies on the effect of extreme heat on birth out comes inves ti gated poten-
tial var i a tion across pop u la tion sub groups. For exam ple, in their sem i nal work, 
Deschênes et al. (2009) found dif fer ences across racial groups in the United States. 
Other stud ies found dif fer ences in the effect of extreme heat by mater nal age, mater-
nal body mass index (BMI), and smok ing and alco hol con sump tion (for a review, 
see Zhang et al. 2017). Here, we focus on SES because its inter ac tion with cli matic 
con di tions may have impli ca tions for how future cli mate change could affect the 
inter gen er a tional trans mis sion of SES across gen er a tions and, more gen er ally, socio-
eco nomic inequalities.

Whether SES could buffer the effect of pre na tal expo sure to extreme heat is an 
open ques tion. Theoretical debate cen ters on whether par ents rec og nize that a par-
tic u lar event could harm the fetus and whether they will respond to this pos si ble 
insult (Almond and Mazumder 2013). Empirical stud ies inves ti gat ing pre na tal health 
insults have found mixed results regard ing whether pre na tal adverse expo sures are 
miti gated by SES (Torche and Conley 2016).2 In this sec tion, we out line at least 
three sets of mech a nisms that may lead to a strat i fied effect of extreme tem per a tures:  
(1) dif fer en tial expo sure, (2) dif fer en tial resources, and (3) dif fer en tial sus cep ti bil ity.

First, dif fer en tial expo sure occurs when con di tions related to a mother’s socio eco-
nomic back ground reduce or exac er bate her expo sure to extreme tem per a tures. Hous-
ing con di tions vary based on socio eco nomic back ground. For exam ple, high-SES 
indi vid u als are more likely to inhabit the coolest and greenest areas of a city (Taylor 
et al. 2018). Further, SES influ ences access to cooling tech nol o gies. LowSES indi
vid u als may be less likely to pur chase air con di tion ing and prop erly insu late their 
homes owing to mon e tary con straints. Finally, SES-related work envi ron ments and 
occu pa tional char ac ter is tics may influ ence the effect of extreme tem per a tures. On 
the one hand, work ers in man ual occu pa tions (e.g., agri cul tural work, con struc tion) 
and those work ing in bak er ies, res tau rants, and laundries con duct phys i cally intense 
tasks in hot and often poorly ven ti lated areas (Varghese et al. 2018). Such work-
ers are there fore the most exposed to heat-related risks. On the other hand, white-  
col lar work ers are the least at risk; they do not per form stren u ous phys i cal work 
and are often pro vided with air con di tion ing and proper insulation to pro tect them 
from uncom fort able tem per a tures in the work place. White-col lar work ers are also 
likely to have more con trol over their work sched ules, enabling them to avoid risks 
related to extremely hot weather. Also, higher wages and appro pri ate work con tracts 

2 For exam ple, some stud ies suggested that SES mit i gates the effects of pre na tal mater nal stress (Brown 
2018; Cozzani et al. 2022; Duncan et al. 2017). By con trast, other stud ies found null results (Brown 2020; 
Persson and Rossin-Slater 2018), and one study found an oppo site effect (Torche and Villarreal 2014). 
Nonetheless, each stressor (e.g., stress, pol lu tion, tem per a tures) may have its own spe cific mech a nisms, 
which may or may not be mod er ated by paren tal SES.
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may con fer other ben e fits to whitecol lar work ers. For instance, they may be  able 
to spend long sum mer vaca tions in milder areas to avoid extremely hot sum mers, 
or they may use pri vate means of transportation rather than the more crowded (and 
there fore  hot ter) pub lic ones.

Second, SES-related cul tural and social cop ing resources may mod er ate the effect 
of extreme heat. For exam ple, higher SES indi vid u als achieve, on aver age, more 
years of edu ca tion and have a bet ter grasp of cru cial health knowl edge (Abel 2008), 
which may lead them to choose less risky behav iors dur ing high tem per a tures. They 
may also have access to more social sup port, allowing preg nant women to avoid 
stren u ous tasks, such as long errands on very hot days (Kawachi et al. 1997; Pampel 
et al. 2010).

Third, dif fer en tial sus cep ti bil ity (Forastiere et al. 2007; Liu et al. 2022) is another 
chan nel through which extreme heat may have a strat i fied effect on a pop u la tion. 
SES shapes inequalities in health and mor bid ity (Mackenbach et al. 2008). Lower 
sta tus indi vid u als have, on aver age, higher BMI and a higher inci dence of car dio-
vas cu lar dis eases and dia be tes (Basto-Abreu et al. 2018; Schultz et al. 2018); these 
rela tion ships also hold for preg nant women (Baron et al. 2015). Because extreme 
tem per a tures are more det ri men tal for indi vid u als with a preexisting med i cal con di-
tion (Kovats and Hajat 2008), lower SES women and their off spring may be more 
sus cep ti ble to extreme cli matic events.

Span ish Climate, Extreme Events, and Forecast

Spain’s Med i ter ra nean cli mate is char ac ter ized by tem per ate, rainy win ters and warm, 
dry sum mers (Lionello et al. 2006). However, its prov inces dem on strate sig nifi  cant 
cli mate dif fer ences: the north is colder and rain ier than the south. Figure 1 dis plays 
the aver age yearly tem per a tures (1990–2016) for each Span ish prov ince cap i tal in our 
empir i cal anal y sis. Mean tem per a tures vary from approx i ma tely 10°C (50°F) in the 
north to 20°C (68°F) in the south, denoting geo graphic var i abil ity.

In the last decades, the Span ish Med i ter ra nean cli mate has been unsta ble and 
affected by cli mate change, becom ing warmer more quickly than in other Euro pean 
countries (Cramer et al. 2018; Fischer et al. 2012; Perkins-Kirkpatrick and Lewis 
2020). A nota ble exam ple is 2003, which saw the hot test sum mer in Europe since 
1500 AD (Stott et al. 2004). Climatic pro jec tions fore cast a future inten si fi ca tion of 
extreme phe nom ena. For exam ple, cli mate fore cast ers expect a 20-fold increase in 
hot days in the Ibe rian Peninsula in 2071–2100 com pared with 1961–1991 (Fischer 
et al. 2012).

Data, Variables, and Methods

Span ish Birth Certificates

To esti mate the effect of extreme tem per a tures on birth out comes, we com bine  
indi vid uallevel infor ma tion from Span ish birth cer tifi  cates with detailed mete o ro log
i cal data. The Span ish birth cer tifi  cates, pro vided by the Span ish National Statistical  
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Institute (Instituto Nacional de Estadistica, INE), are admin is tra tive data cov er ing 
the uni verse of new borns in Spain every year. The data are col lected from the birth 
cer tifi  cates sub mit ted by a par ent of the child at the time of the new born’s inscrip tion 
in the civil reg is ter. The cer tifi  cates con tain anthro po met ric mea sures of chil dren that 
are con sis tent with hos pi tal records, espe cially for frail deliv er ies (Juárez et al. 2012).

We include only chil dren born in a pro vin cial cap i tal between 1990 and 2016. 
This restric tion allows us to com bine birth cer tifi  cate data with pre cise mete o ro log i
cal data. The final, larg est ana lytic pop u la tion con sists of 4,314,381 sin gle ton births 
(more than 40% of the new born pop u la tion in Spain in the period con sid ered).

We com bine births with mete o ro log i cal data from the date of con cep tion, with 
an approach sim i lar to Deschênes et al.’s (2009). Because pre cise birthdates are not 
avail  able, we assume that all  chil dren were born in the mid dle of the month; we 
then count back ward to the month of con cep tion using ges ta tional age. This strat-
egy is pref er a ble because birthdate may be an out come of tem per a ture (Currie and 
 Rossin-Slater 2013; Deschênes et al. 2009).

Meteorological Data

We draw on the E-OBS daily gridded mete o ro log i cal data avail  able in the  
Copernicus Climate Data Store (https:  /  /cds  .climate  .copernicus  .eu  /#!  /home). Several 
Euro pean mete o ro log i cal insti tu tions and uni ver si ties gather envi ron men tal obser va-
tions on-site, which meteorologists used to con struct these gridded val ues (Cornes 
et al. 2018). This data set con tains accu rate and com plete his tor i cal cli matic data 
from 1950 to 2020 with high spa tial res o lu tion for many countries in Europe and the 
Med i ter ra nean area. The data for Spain are daily tem per a tures that numer ous cli matic 
sta tions col lect and inter po late for the whole coun try (Cornes et al. 2018). We use 
the gridded mete o ro log i cal data to extract the tem per a ture esti ma tes for areas clos est 

Fig. 1 Average temperature by Spanish provincial capitals, 1990–2016. The color in each province refers 
to the average of its provincial capital. The legend is reported in Celsius, with a Fahrenheit range of 
50°F–68°F.
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to the cen ter of the pro vin cial cap i tal. Additionally, we extract avail  able infor ma tion 
on other cli matic var i ables: aver age pre cip i ta tion, rel a tive humid ity, wind speed, and 
solar radi a tion. Total pre cip i ta tion is the daily mil li me ters of rain, snow, and hail. 
Humidity, mea sured in per cent ages, denotes the rel a tive humid ity each day; 100% 
indi cates that the air is sat u rated with water. Wind speed is mea sured in meters per 
sec ond. Surface short wave downwelling radi a tion is a mea sure of solar radi a tion cal-
cu lated in watts per square meter.

Variables

We use three birth out comes as depen dent var i ables. First, PTB indi cates whether a 
child is born before the 37th week of ges ta tion. This var i able, mea sured sep a rately 
from ges ta tional age in weeks, has no miss ing val ues because the INE imputes them; 
in approx i ma tely 12% of cases, ges ta tional age in weeks is miss ing.3 Second, LBW 
(<2,500 grams) is a paren tal report at the time of the inscrip tion in the civil reg is ter. 
A study com par ing the report in the reg is ters with hos pi tal records found that data are 
accu rate for frail deliv er ies (i.e., PTB and LBW; Juárez et al. 2012). Third, we mea-
sure whether the child had VLBW (<1,500 grams). Following com mon prac tice in 
the lit er a ture, we focus on binary indi ca tors for PTB, LBW, and VLBW because they 
are good pre dic tors of fetal envi ron ment, fetal health impair ments, and future devel-
op men tal poten tial (Boardman et al. 2002; Torche and Conley 2016).

The main inde pen dent var i ables are tem per a ture bins counting the num ber of days 
within a range of mean tem per a tures by tri mes ter: cold days (<5°C/<41°F); days in 
the com fort zone (5°C–25°C/41F°–77°F); warm days (>25°C–32°C/>77°F–89.6°F); 
and hot/extremely hot days (>32°C/>89.6°F). These bins resem ble those adopted in 
the lit er a ture (Barreca et al. 2016; Cho 2020; Hovdahl 2020). However, in sen si tiv ity 
ana ly ses using dif fer ent mea sures of tem per a tures, we find con sis tent results (dis-
cussed later). The ref er ence cat e gory in the mod els is 5°C–25°C (the com fort zone): 
the results can be interpreted as the effect of an extra day with extreme tem per a tures 
rel a tive to a day in the com fort zone.

Our key strat i fy ing var i able is the highest SES among par ents, mea sured as the 
highest occu pa tional level of the mother and father. In the years cov ered in our study, 
the only com pa ra ble mea sure of SES pro vided on birth cer tifi  cates is mater nal and 
pater nal occu pa tion, mea sured by the onedigit International Standard Classification 
of Occupations (ISCO) 1968 and 1988. To ensure com pa ra bil ity between the 1968 
and 1988 ISCO mea sure ments, we cat e go rize par ents as high, medium, and low SES 
by rely ing on the aver age International Socio-eco nomic Index of occu pa tional sta tus 
(ISEI) score of each ISCO one-digit cat e gory (Ganzeboom and Treiman 1996). Those 
with high SES have an ISEI of 60 or above, medium SES indi cates an ISEI of 40–59, 
and low SES is an ISEI below 39.

For 1990–2006, SES is mea sured by ISCO-68 in 12 categories: (1) pro fes sion als, 
tech ni cians, and asso ci ate pro fes sion als; (2) man ag ers and leg is la tors; (3) cler i cal 

3 We rep li cated ana ly ses with out those cases, and the results were fully con sis tent with those presented in 
the main text (see Table S1, online appen dix).
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sup port work ers; (4) sales man and shop own ers; (5) sales and ser vices ele men tary 
occu pa tions; (6) agri cul tural, for estry, and fish ery work ers; (7) pro duc tion work ers, 
trade work ers, and plant and machine oper a tors; (8) army; (9) stu dents; (10) unpaid 
houseworkers; (11) retired; and (12) no infor ma tion. We code the 12 categories into 
three broad groups: high SES includes categories 1 and 2; medium SES is catego-
ries 3 and 4; and low SES is categories 5, 6, and 7. We also cre ate a cat e gory for 
stay-at-home moth ers, which includes cat e gory 10; inac tive/no infor ma tion cov ers 
 categories 11 and 12.

For 2007–2016, SES is assessed with the ISCO-88 in 14 categories: (1) leg is la tors, 
senior offi cials, and man ag ers; (2) pro fes sion als; (3) tech ni cians and asso ci ate pro fes
sion als; (4) clerks; (5) ser vice and shop and mar ket sales work ers; (6) skilled agri cul tural 
and fish ery work ers; (7) craft and related trade work ers; (8) plant and machine oper a tors; 
(9) ele men tary occu pa tions; (10) stu dents; (11) unpaid houseworkers; (12) inac tive; (13) 
army; and (14) no infor ma tion. In this case, high SES is indi cated by categories 1 and 2, 
medium SES is categories 3 and 4, low SES is indi cated by categories 5–9, stay-at-home 
moth ers are cat e gory 11, and inac tive/no infor ma tion is categories 12–14. In the pooled 
anal y sis, we also include births to inac tive/no-infor ma tion par ents. In the het ero ge neous 
ana ly ses, we focus on high-, medium-, and low-SES mea sures across par ents. Moreover, 
we also pro vide sup ple men tary ana ly ses using mater nal edu ca tion, which is avail  able for 
2007–2016; the results are con sis tent with those presented in the main text.

We include mother, child, con tex tual, and cli matic con trols in the ana ly ses. Mother 
and child con trols include mother’s age and mother’s age squared, the new born’s sex, 
whether the child is the first born, mother’s mar i tal sta tus, and migra tion back ground 
that we cap ture with a binary var i able indi cat ing whether the mother has a non- 
Span ish back ground (0 = native Span ish; 1 = non-Span ish). Contextual con trols are 
the share of females par tici pat ing in the labor force, the prov ince-cohort share of 
females with ter tiary edu ca tion, pop u la tion den sity, the log a rithm of the pro vin cial 
GDP per capita, and veg e ta tion’s leaf area index. Climatic con trols are solar radi a-
tion, aver age pre cip i ta tion, wind speed, and rel a tive humid ity.

Empirical Strategy

To esti mate the effect of extreme tem per a tures on birth out comes, we com pute lin ear 
prob a bil ity mod els. When we inves ti gate the het ero ge neous effect, we esti mate the 
mod els sep a rately by SES. We define the model as fol lows:

P(Y = 1)i = θ jTR1TBINTR1pymjj∑ + θ jTR2  TBINTR2 pymjj∑ +∑ jθ j
TR3TBINTR3 pymj

+ θθXi +αpy + γpt + δm + εi ,  (1)

where i denotes the indi vid ual; p, y, and m are the prov ince, year, and month of con-
cep tion, respec tively; and j is an index of the four mean tem per a ture bins. P(Y = 1)i 
is the prob a bil ity that a given birth out come equals 1. TBINTR1 are the tem per a ture 
bins (defined as spec i fied ear lier) that a child expe ri enced in the first tri mes ter (TR1) 
of ges ta tion; TBINTR2 and TBINTR3 are the respec tive var i ables representing the 
sec ond and third tri mes ters. Xi is a vec tor of con trol var i ables (defined ear lier). α py 
accounts for prov ince × year trends, γ pt is the prov ince × poly no mial qua dratic in the 
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year-month of con cep tion time trend, and δm is the con cep tion month fixed effects. 
More pre cisely, the prov ince × year fixed effects allow us to cap ture the 50 pro vin
cial cap i tal–spe cific yearly var i a tions in fac tors such as eco nomic growth over the 
27 years of our anal y sis. The prov ince × poly no mial qua dratic in the year-month of 
con cep tion time trend and con cep tion month fixed effects allow us to account for 
the prov ince’s spe cific sea sonal trends. Results are also robust to alter na tive fixed 
effects spec i fi ca tions (discussed later). The stan dard errors are clus tered at the 
 pro vin cial cap i tal level. Because of the unpre dict abil ity of extreme weather con di-
tions, we expect the effect of tem per a ture to be orthog o nal to other fac tors affect ing 
birth out comes. Our results are unchanged by the inclu sion of the large set of con trol 
var i ables men tioned ear lier (results avail  able upon request ).

Results

 Descriptive Statistics

To con tex tu al ize our ana ly ses, we show in Table 1 the dis tri bu tion of var i ables by 
paren tal SES. In the period con sid ered (Jan u ary 1990–Decem ber 2016), we find no 
sub stan tive dif fer ences in expo sure to hot days (>32°C/>89.6°F), which aver ages 
between 0.31 and 0.35 days of preg nancy across SES groups. Although the num ber of 
hot days seems rather small, approx i ma tely 10% of our ana lytic sam ple (N = 423,221) 
expe ri enced at least one day above 32°C dur ing ges ta tion.

Newborns show a neg a tive gra di ent in birth out comes across paren tal SES groups. 
The prev a lence of PTB is approx i ma tely 5.8% for high-SES off spring and increases 
to 7.7% for low-SES off spring. Similar dif fer ences by SES are observed for the inci-
dence of LBW: 4.7%, 5.5%, and 6.7% for high-, medium-, and low-SES chil dren, 
respec tively. Approximately 0.5% of high-SES off spring have VLBW, com pared 
with 0.9% for low-SES off spring.

The Effect of Extreme Temperatures on Birth Outcomes by SES, Trimester,  
and Newborn’s Sex

In this sec tion, we describe our results for the effect of extreme heat dur ing the entire 
ges ta tional period on birth out comes in the full sam ple and by SES. We also describe 
the results by tri mes ter of ges ta tion and by new born’s sex.

Table 2 dis plays the results for the full sam ple and by SES for the effect of tem per-
a tures across the entire ges ta tional period on the like li hood of PTB, LBW, and VLBW. 
The coef fi cients presented in the table are mul ti plied by 100; they can be interpreted as 
the per cent age-point change in a cer tain birth out come with an addi tional day fall ing 
within a cer tain tem per a ture bin rel a tive to being in the ref er ence bin.

In the full sam ple (col umns 1–3), we observe a non sig nifi  cant increase in LBW and 
VLBW for each addi tional day above 32°C (89.6°F) rel a tive to the com fort zone, and 
we do not observe any increase in PTB. We observe a het ero ge neous effect of extreme 
heat by SES (col umns 4–12). An addi tional day above 32°C (89.6°F) rel a tive to the 
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1640 R. Conte Keivabu and M. Cozzani

Table 1 Descriptive sta tis tics

High SES Medium SES Low SES

Mean % N (SD) Mean % N (SD) Mean % N (SD)

Birth Outcomes
 PTB 5.77 85,618 6.39 73,238 7.72 100,527
 LBWa 4.74 68,611 5.45 60,664 6.74 84,158
 VLBWa 0.54 7,743 0.64 7,178 0.85 10,648
Newborn
 Sex (male) 51.64 873,722 51.62 723,225 51.58 671,425
 Firstborn 54.15 803,006 56.95 652,735 50.64 659,191
Mother
 Mother is mar ried 95.4 1,614,298 78.06 894,598 64.61 841,018
 Mother’s age 33.19 (4.18) 31.91 (4.75) 29.49 (5.62)
 Non-Span ish 4.6 77,767 5.68 65,086 18.11 235,803
Contextual Characteristics
 Female employ ment 0.44 (0.11) 0.43 (0.11) 0.43 (0.11)
 Share of females with 

ter tiary degree 0.39 (0.11) 0.39 (0.13) 0.39 (0.13)
 Population den sity  

(per km2) 348.44 (291.80) 295.63 (279.01) 239.70 (256.40)
 ln(GDP) 10.33 (1.31) 10.12 (1.28) 9.84 (1.30)
 Vegetation’s leaf area 

index (m2/m2) 2.01 (0.79) 2.06 (0.69) 2.04 (0.82)
Climate
 Solar radi a tion (W/m2) 1,017 (4.35) 1,017 (4.35) 1,017 (4.32)
 Relative humid ity (%) 66.25 (11.91) 66.50 (11.64) 67.01 (11.26)
 Precipitation (mm/day) 1.34 (1.48) 1.29 (1.45) 1.28 (1.46)
 Wind speed (m/sec) 0.36 (0.90) 0.34 (0.94) 0.31 (0.98)
Temperature
 Cold days (<5°C/ 

<41°F) 13.11 (17.55) 13.08 (19) 12.88 (19.15)
 Comfort zone (5°C– 

25°C/41°F–77°F) 228.36 (26.42) 227.77 (26.50) 227.94 (26.88)
 Warm days 

(>25°C–32°C/ 
>77°F–89.6°F) 32.14 (25.7) 32.74 (26.11) 26.72 (26.72)

 Hot days (>32°C/ 
>89.6°F) 0.31 (1.39) 0.33 (1.42) 0.35 (1.42)

% SES 37.73 1,482,984 29.16 1,146,060 33.12 1,301,743

Notes: Descriptive sta tis tics are displayed by SES and exclude those with out SES infor ma tion and those 
who are inac tive. These sta tis tics are com puted on the larg est sam ple for each SES group. N = 3,930,787.
a The over all num ber of obser va tions for LBW and VLBW is 3,807,535 births.

com fort zone increases the risk of LBW and VLBW (β = 0.026 and β = 0.020, respec-
tively; p < .05) only among low-SES new borns. We also observe a reduc tion in the 
risk of LBW for high-SES off spring (β = −0.28; p < .05), and we spec u late that this 
decrease is related to pro tec tive behav ior dur ing extreme heat among high-SES par ents 
(e.g., avoid ance of car ry ing out activ i ties in the heat). Additionally, we find that expo
sure to cold reduces the risk of adverse birth out comes mostly for medium-SES (PTB:  
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β = − 0.09, p < .05; LBW: β = − 0.07, p < .05) and low-SES par ents (LBW: β = − 0.04; 
p < .05). However, the effect size of these coef fi cients is minus cule—at only a frac tion 
of the coef fi cients for extreme heat. A pos si ble expla na tion for the decrease in neg a tive 
birth out comes with tem per a tures below 5°C could be related to the broad avail abil ity 
of heating tech nol o gies that allow one to reduce the neg a tive impact of cold spells and 
to increase the time spent indoors (Chirakijja et al. 2019).

Figure 2 dis plays the results of the effect of extreme heat (>32°C/>89.6°F) by 
SES and tri mes ter of ges ta tion; full results are presented in Table S2 in the online 
appen dix. The fig ure dis plays the per cent agepoint change in birth out comes and 
95% con fi dence inter vals for each addi tional day of extreme heat rel a tive to the ref er
ence bin. Overall, we find that an addi tional day above 32°C (89.6°F) has a neg a tive 
impact only on low- and medium-SES off spring, espe cially for such tem per a tures 
expe ri enced in early preg nancy. For PTB, we do not find any sta tis ti cally sig nifi  cant 
effect across all  tri mes ters, except among low-SES off spring in the third tri mes ter. 
For LBW, heat in the first tri mes ter increases the risk of adverse birth out comes for 
low- and medium-SES off spring (β = 0.033 and β = 0.047, respec tively; p < .05). 
Heat in the sec ond tri mes ter increases the risk only for low-SES off spring (β = 0.085;  
p < .05), which also shows the highest mag ni tude in terms of effect size. For VLBW, 
low SES con sis tently shows the highest point esti ma tes in the effect of extreme heat 
across all  tri mes ters (β = 0.023, β = 0.023, and β = 0.017, for the first, sec ond, and 
third tri mes ters, respec tively), but only effects in the sec ond and third tri mes ter reach 
sta tis ti cal sig nifi  cance at con ven tional lev els (p < .05). We also com pare coef fi cients 
for medium- and low-SES off spring with those of high-SES off spring using a for-
mula for nonnested mod els (Clogg et al. 1995). All coef fi cients are sta tis ti cally dif
fer ent (p < .05) except the coef fi cient on VLBW for lowSES off spring for the effect 
of heat in the first tri mes ter.

Finally, because some stud ies high lighted the greater sen si tiv ity of male fetuses to 
shocks in utero rel a tive to females (DiPietro and Voegtline 2017; Fukuda et al. 2014), we 
rep li cated our ana ly ses presented in Table 2 by the new born’s sex (see Figure S1, online 
appen dix). Results show that extreme heat impacts the risk of LBW equally for low-SES 
males and females, but it has a larger impact on VLBW for males (β = 0.030; p < .05) 
than for females (β = − 0.007; non sig nifi  cant). These coef fi cients are sta tis ti cally dif fer ent 
(p < .05). Overall, new born males appear to be slightly more affected by extreme heat 
while in utero.

Effects Size and Magnitude

The pre ced ing dis cus sion describes our coef fi cients in terms of their sta tis ti cal sig nif
i cance. This prac tice has been crit i cized because the sub stan tive sig nifi  cance of such 
find ings is unclear (Bernardi et al. 2017; McCloskey and Ziliak 1996). We bench mark 
our esti ma tes with results from pre vi ous research. To this aim, we com pile a table of 
com pa ra ble stud ies using tem per a ture bins to esti mate the effect of heat on LBW, the 
most com pa ra ble out come. Table 3 dis plays the sum mary of coef fi cient size (by SES, 
where pos si ble) among our selec tion of stud ies. Research using tem per a ture bins has 
found small changes in birth out comes for one addi tional hot day, on the order of a 
frac tion of a per cent age point. Our base line esti mate for LBW is the lower bound 
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Fig. 2 Estimated effect of extreme heat (>32°C/>89.6°F) on birth outcomes, by SES and trimester of 
pregnancy. PTB = preterm birth. LBW = low birth weight. VLBW = very low birth weight. Estimates 
are obtained from Table S2 (online appendix), which also displays full estimates for other temperature 
bins. Coefficients, scaled by 100 to enhance readability, can be interpreted as percentagepoint changes 
in the specific birth outcome. Each model includes fixed effects for province × year of conception, the 
provincespecific polynomial quadratic in the centurymonth of conception, and the month of conception. 
Demographic control variables include the mother’s marital status, the mother’s age, age squared, whether 
the child is the firstborn, and the mother’s ethnic origin. Contextual controls include population density, 
the female employment rate, the logarithm of the provincial GDP, the provincial cohort–specific share of 
women with a tertiary degree, and vegetation’s leaf area index. Climatic controls include relative humidity, 
solar radiation, wind speed, and average precipitation. Whiskers represent 95% confidence intervals.
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1645Extreme Heat, Birth Outcomes, and Socioeconomic Heterogeneity

(an increase of 0.029 per cent age points), and Liu et al.’s (2022)  coef fi cients for low 
edu cated moth ers is the upper bound (an increase of 0.19 per cent age points). Yet, the 
sec ondhighest esti mate is our coef fi cient on the effect of an addi tional day above 
32°C (89.6°F) for low-SES moth ers exposed in the sec ond tri mes ter (an increase of 
0.085 per cent age points). Overall, we believe our esti ma tes are in line with com pa-
ra ble research.

Despite the small mag ni tude of one addi tional day of extreme heat, the esti ma tes 
become sub stan tially larger for lon ger spells of extreme heat. For exam ple, five days of 
extreme heat rel a tive to the ref er ence bin dur ing the sec ond tri mes ter of preg nancy would 
increase the risks of LBW and VLBW for low-SES off spring by approx i ma tely 0.425 and 
0.115 per cent age points, respec tively. Compared with the sam ple aver age, these fig ures 
trans late into non triv ial increases of 5% and 14% for LBW and VLBW, respec tively.

Supplementary Analyses

Testing Explanations for Heterogeneous Effects

The het ero ge neous effect of extreme tem per a tures may be explained by selec tive 
fetal deaths in utero (Bruckner and Catalano 2018; Hajdu and Hajdu 2021). For 
exam ple, one of the SES groups may expe ri ence a dis pro por tion ate num ber of fetal 
deaths among frail fetuses when exposed to extreme heat. Consequently, a decrease 
in frail births for a par tic u lar SES group could erro ne ously sug gest a het ero ge neous 
effect on birth out comes. We col lect admin is tra tive data on late fetal deaths pro vided 
by INE from 1990 to 2016 and esti mate Eq. (1) by SES, using late fetal deaths as an 
out come. Figure 3 shows that heat stress increases the occur rence of late fetal deaths 
only for low and mediumSES moth ers in the first tri mes ter. This result sug gests that 
selec tive mor tal ity does not drive our results. Rather, we observe an addi tional neg a-
tive out come among medium and lowSES moth ers, suggesting that our coef fi cients 
for the first tri mes ter may be a con ser va tive esti mate of the effect of heat.

Another pos si ble expla na tion for the het ero ge neous effect of extreme tem per a-
tures is that heat waves depress fer til ity (Barreca et al. 2018). Fertility deci sions may 
be strat i fied if highSES par ents are more aware of the risk of extreme tem per a tures 
and thus time con cep tion to avoid hot peri ods and pro tect their new born’s health. To 
test this sce nario, we cre ate a prov ince-year-month data set includ ing the num ber 
of con cep tions for each SES group and com bine it with tem per a tures in the month 
the con cep tion occurred. Figure 4 dis plays three regres sion mod els4 in which the 
log a rithm of the num ber of con cep tions for each SES group in each prov ince-year-
month is regressed against the prior prov inceyearmonth tem per a ture bins. We find 
that con cep tions decrease with hot days regard less of the SES group, suggesting that 
selec tive fer til ity strat e gies do not under lie our results.

4 Models are esti mated with tem per a ture bins defined as in Eq. (1). Models include prov ince × year and 
prov ince × month fixed effects and con trols for pop u la tion den sity, female employ ment rate, the log a rithm 
of the pro vin cial GDP per capita, the pro vin cial cohort–spe cific share of women with a ter tiary degree, a 
veg e ta tion index, rel a tive humid ity, solar radi a tion, wind speed, and aver age pre cip i ta tion.
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1646 R. Conte Keivabu and M. Cozzani

Finally, we explore whether disparities in expo sure may be a pos si ble expla na tion 
for the het ero ge neous effects of extreme tem per a ture. We use OECD data to com pare 
the pro por tion of house holds with access to air con di tion ing by SES group.5 We find 
a gra di ent in air con di tion ing access among Span ish house holds, with 55% of high-
SES indi vid u als hav ing access to air con di tion ing at home, com pared with only 38% 
for low-SES indi vid u als. This result sug gests that advan taged moth ers may be more 
likely to access air con di tion ing to shel ter their off spring from intense heat stress.

Sensitivity Analyses and Robustness Checks

We per form our ana ly ses again, this time using dif fer ent indi ca tors of tem per a ture and 
heat. First, we rep li cate our ana ly ses using a heat index that com bines tem per a ture  

5 Data are drawn from the OECD’s 2011 Environmental Policy and Individual Behaviour Change sur vey. 
Information on the data set is avail  able at https:  /  /www  .oecd  .org  /environment  /households  .htm.

Fig. 3 Estimated effect of extreme heat (>32°C/>89.6°F) on late fetal deaths by SES and trimester. Coef-
ficients, scaled by 100 to enhance readability, can be interpreted as percentagepoint changes in late fetal 
deaths. Each model includes fixed effects for province × year of conception, the provincespecific poly-
nomial quadratic in the century-month of conception, and the month of conception. Demographic con-
trol variables include the mother’s marital status, the mother’s age, age squared, whether the child is 
the firstborn, and the mother’s ethnic origin. Contextual controls include population density, the female 
employment rate, the logarithm of the provincial GDP, the provincial cohort–specific share of women with 
a tertiary degree, and vegetation’s leaf area index. Climatic controls include relative humidity, solar radia-
tion, wind speed, and average precipitation. Whiskers represent 95% confidence intervals.
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1647Extreme Heat, Birth Outcomes, and Socioeconomic Heterogeneity

with humid ity to com pute a more accu rate esti mate of per ceived tem per a ture (for 
more infor ma tion on this index, see Opitz-Stapleton et al. 2016). These results are 
fully con sis tent with an effect of heat on LBW con cen trated among low-SES off-
spring (Table S3, online appen dix). Second, we rede fine tem per a ture bins as <0°C, 
0°C–5°C, >5°C–20°C (the ref er ence bin), >20°C–25°C, >25°C–30°C, and >30°C.6 
Consistent with results presented ear lier, we find that an addi tional day above 30°C 
(86°F) increases the risk of LBW only for low-SES off spring (Table S4, online 
appen dix). The effect size for an addi tional day above 30°C is smaller than that for 
an addi tional day above 32°C (89.6°F), likely due to the lower heat threshold. Third, 
we test whether the inabil ity to cool off at night (the so-called trop i cal nights) has a 
det ri men tal effect on birth out comes. We define a trop i cal night as a day with a min
i mum tem per a ture above 20°C (68°F) (Cantos et al. 2019). Our results do not show 
any effect of trop i cal nights on birth out comes (Table S5, online appen dix).

6 These categories, respec tively, are <32°F, 32°F–41°F, >41°F–68°F (ref er ence bin), >68°F–77°F, 
>77°F–86°F, and >86°F.

Fig. 4 Estimated effect of temperatures on the number of conceptions (logged). Temperature bins are 
cold days (<5°C/<41°F), days in the comfort zone (5°C–25°C/41°F–77°F), warm days (>25°C–32°C/ 
>77°F–89.6°F), and hot days (>32°C/>89.6°F). Estimates are obtained by generating a province-year-
month-SES data set with the number of conceptions for each cell and the number of days within a certain 
temperature bin. Models include province × year and province × month fixed effects. Contextual controls 
include population density, the female employment rate, the logarithm of the provincial GDP, the provin-
cial cohort–specific share of women with a tertiary degree, and vegetation’s leaf area index. Climatic con-
trols include relative humidity, solar radiation, wind speed, and average precipitation. Whiskers represent 
95% confidence intervals.
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1648 R. Conte Keivabu and M. Cozzani

Most stud ies on the het ero ge neous effect of extreme heat on birth out comes have 
used mater nal edu ca tion as the SES indi ca tor (as sum ma rized in Table 3). We rep-
li cate our ana ly ses for the sub group of new borns (2007–2016) for which we have 
avail  able infor ma tion on moth ers’ edu ca tional lev els, distinguishing between moth-
ers who have a university degree and those who do not. For the out come of LBW, 
the results are con sis tent with an effect of heat expo sure in the sec ond tri mes ter of 
preg nancy for moth ers hav ing less than a uni ver sity degree (β = 0.122; p < .05). We 
also rep li cate the ana ly ses in the same period (2007–2016) with our clas si fi ca tion of 
SES based on occu pa tional sta tus. These results are fully con sis tent with those using 
edu ca tional indi ca tors (Table S6, online appen dix).

In addi tion, our main esti ma tes are robust to a range of fixedeffects spec i fi ca tions 
(see Table S7 in the online appen dix). For both LBW and VLBW, the effect of heat 
among lowSES off spring is unchanged by alter na tive com bi na tions of fixed effects 
in the prov ince, month of con cep tion, year of con cep tion, and the qua dratic poly no-
mial in the cen tury-month of con cep tion.

Following com mon prac tice in the lit er a ture, we con duct a pla cebo test using 
expo sure to tem per a ture bins in the 9 months before con cep tion by SES, as in Table 2  
(see Table S8, online appen dix). The ana ly ses show no det ri men tal effect of heat, lend-
ing sup port to our results. Because some auto cor re la tion in assigning lagged pla cebo 
tem per a tures within the same pro vin cial cap i tal may pro duce sig nifi  cant effects, we 
com pare the effect of expo sure to tem per a tures beyond 32°C (89.6°F) from Table 2  
with pla cebo esti ma tes in Table S8 (online appen dix). All the coef fi cients in Table 2 
for low-SES off spring are sta tis ti cally dif fer ent (p < .05) from pla cebo esti ma tes.

Discussion and Conclusion

This arti cle inves ti gates the effect of extreme heat on birth out comes and whether 
the effect is het ero ge neous among socio eco nomic strata. We found two main results. 
First, we observed a neg a tive effect of expo sure to tem per a tures above 32°C (89.6°F) 
on birth out comes, such as LBW and VLBW, par tic u larly when extreme tem per a tures 
occurred in early preg nancy. We found no sub stan tial effect on the prob a bil ity of 
PTB, suggesting that heat may influ ence fetal growth rather than pre ma tu rity. More-
over, we also found evi dence suggesting that male fetuses may be more sus cep ti ble 
to insults in utero, in line with prior stud ies (Currie and Schwandt 2016; DiPietro and 
Voegtline 2017).

The sec ond and most rel e vant find ing is that SES mat ters for the pos si ble con
se quences of hot tem per a tures on birth out comes. On the one hand, we find that 
low-SES moth ers are more likely to deliver infants with poor birth out comes after 
expo sure to hot tem per a tures in utero. Although we could not exten sively test mech a-
nisms, our ancil lary ana ly ses sug gest that this pat tern is not accounted for by selec tive 
mor tal ity in utero or planned fer til ity. The gra di ent in access to air con di tion ing pro-
vi des evi dence suggesting that paren tal resources pro vide shel ter from extreme tem-
per a tures. Low-SES moth ers might expe ri ence higher lev els of mate rial dep ri va tion 
and lack the resources to adapt to envi ron men tal stress ors. Additionally, they might 
live in poorer areas of a city with out the refresh ing effects of green spaces and reside 
in build ings with out proper insulation from out side weather con di tions. On the other 
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hand, some high-SES moth ers who are exposed to extreme heat dur ing preg nancy 
seem to reduce the risk of deliv er ing chil dren with poorer birth out comes. A pos si ble 
inter pre ta tion of this find ing is that highSES par ents may try to com pen sate for the 
expo sure to extreme heat (Bernardi 2014; Torche 2018). For exam ple, the avail abil ity 
of air con di tion ing, the pos si bil ity of vacation ing in an area with milder weather, and 
the extra care taken dur ing hot days could be mech a nisms for this effect.

Regarding other stud ies on urban pop u la tions, our results show ing a det ri men tal 
effect of extreme tem per a tures on birth out comes only among low-SES moth ers are 
in line with stud ies in Guangzhou (China) and New York City (Liu et al. 2022; Ngo 
and Horton 2016). However, our results con trast with research find ing that highly 
edu cated moth ers in California were the most vul ner a ble to extreme heat (Basu et al. 
2018) and with research from Hungary dem on strat ing no mean ing ful dif fer ences 
across SES groups (Hajdu and Hajdu 2021). Because these stud ies mea sured the 
impact of heat using tem per a ture bins and alter nate assess ments and inves ti gated 
dif fer ent con texts as case stud ies, meth od o log i cal and coun try dif fer ences do not 
explain these mixed results.

Our study is not free of cave ats. First, our focus on an urban pop u la tion calls for 
cau tion in gen er al iz ing the results to rural areas. Second, data lim i ta tions prevented 
us from test ing whether preexisting health con di tions account for our find ing of an 
SES gra di ent. Third, one pos si ble source of bias in our study is the influ ence of air 
pol lu tion (Chersich et al. 2020), which might affect both mater nal health and the fetus 
(Slama et al. 2008). Unfortunately, data on air pol lu tion for most Euro pean countries 
are avail  able only begin ning with the early 2000s, which largely does not over lap 
with our obser va tion period of 1990–2016.7 Nevertheless, pre vi ous stud ies that con-
trolled for air pol lu tion found a per sis tent neg a tive effect of tem per a ture on birth out-
comes (Ngo and Horton 2016). Finally, our use of tem per a ture bins assumes a lin ear 
effect of each day in a tem per a ture bin on birth out comes. In real ity, there may be 
some nonlinearities or thresh old effects.

Future research should focus on four main gaps we did not tackle in this arti cle. 
First, we focused on dif fer ences among socio eco nomic groups, but inequal ity may 
also change across time. Future research should inves ti gate whether the avail abil ity 
of more afford able elec tric ity and air con di tion ing tech nol o gies might have reduced 
the risks asso ci ated with heat stress in the later cohorts, as found in one study in 
Australia (Li et al. 2018) or in stud ies on heat-related mor tal ity (Achebak et al. 2019; 
Barreca et al. 2016). Second, it is impor tant to inves ti gate the mech a nisms explaining 
heterogeneities between SES groups and the prev a lence of neg a tive out comes among 
low-SES moth ers. Third, as men tioned ear lier, research should fur ther inves ti gate 
SES heterogeneities in the con se quences of extreme heat to explain the conflicting 
results in the lit er a ture. Fourth, it may be valu able to directly assess whether there are 
nonlinearities or thresh old effects of tem per a ture on birth out comes.

7 For exam ple, the Span ish Ministry of Ecological Change pro vided data on air pol lu tion gath ered by sta-
tions located in the major cit ies, but only since 2001. Moreover, the data set has sev eral miss ing val ues, 
pre vent ing us from ana lyz ing the entire sam ple of pro vin cial cap i tals. Consequently, intro duc ing this var i-
able in our anal y sis con sid er ably and nonrandomly shrinks the total sam ple, mak ing it incom pa ra ble with 
the sam ple in our main anal y sis.

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/5/1631/1646327/1631conte.pdf by guest on 17 April 2024



1650 R. Conte Keivabu and M. Cozzani

In con clu sion, this arti cle offers at least two impor tant les sons on the neg a tive 
effect of heat stress on birth out comes that inform pol icy mak ing. First, dis ad van-
taged preg nant women waiting for a male new born may be par tic u larly sus cep ti ble 
to cli mate con di tions, and they should be advised against this risk. Second, given 
the impor tance of birth out comes for the well-being of the next gen er a tion, the SES 
gra di ent in the effect of heat stress raises con cerns about the pos si ble cli mate change–
driven increase in socio eco nomic inequalities in future decades. ■
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