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Abstract
Introduction: Exposure to high environmental temperature during pregnancy has been associated with
lower birth weight, and an increased risk of preterm birth (PTB). The province of Piura is a region with a
higher environmental temperature than the rest of the country; however, it is unknown how temperature
would be impacting reproductive health in populations exposed to high basal temperatures.

Objective: To determine the association between maximum apparent temperature (HImax) during
pregnancy with birth weight and preterm birth in newborns in the province of Piura, 2011-2016.

Methods: Semi-ecological study, where maternal-perinatal data from Santa Rosa Hospital (N=17,788);
and maximum apparent temperature data were evaluated. Four exposure windows were analyzed: the
entire pregnancy, and each gestational trimester, which were assigned according to date of birth and
gestational age, categorized into quartiles. The association with birth weight was assessed by linear
regression; and Cox regression for PTB.

Results: A negative association was found between birth weight and HImax in all exposure windows,
except for the �rst trimester, the effect being greater during the third trimester. As for preterm birth, higher
HImax increased the hazard of PTB, with the highest effect seen in the P95 exposed group in every
exposure window; nonetheless, the �rst and second trimester being the most temperature-sensitive
exposure windows.

Conclusion: HImax during pregnancy is related to lower birth weight and higher PTB hazards, but with
different susceptibility according to the stage of pregnancy.

Introduction
The National Aeronautics and Space Administration (NASA) has reported an exponential increase in
global temperature anomalies from 1920 to the present (1). In addition, a number of unusual weather
events have affected the quality of life of people around the world, posing challenges to the health
systems of many countries (2). For example, rates of diarrhea and vector-borne diseases have increased
in tropical locations and hot climate regions (3, 4), also affecting the reproductive output of affected
populations (5).

Several studies have provided evidence on the effects of environmental contaminants and other factors
on human health (6, 7), with infants, the elderly, and pregnant women being the most vulnerable
populations (8, 9). Some studies have explored the effects of environmental temperatures on perinatal
outcomes, particularly birth weight and gestational age, indicating that elevated temperature may
increase the risks of preterm birth (PTB) (10). A review of the literature found that peaks in low birth
weight and preterm birth occurred mainly in the summer and winter seasons (11); however, the greatest
effect has been found to be associated with heat stress during exposure to elevated temperatures (12), or
in periods of rapidly increasing environmental temperature (13).
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During pregnancy, physiological and hormonal changes occur that can in�uence the body's ability to
thermoregulation (14). In high temperature environments, the functionality of the placenta may be
affected, hindering the growth and development of the fetus (15). This reveals the need to address the
effects in understudied equatorial countries, such as Peru, since most research focuses on very marked
seasonal temperatures.

Conditions such as low birth weight (LBW) are not only markers of perinatal morbidity and mortality, but
may also have repercussions in later life, leading to metabolic syndrome, type 2 diabetes, coronary heart
disease (16, 17), cancers, and reproductive, brain, or neurodegenerative disorders (18). All these
conditions have the potential to affect the economic status and quality of life of individuals. Therefore, it
is important to identify the factors that promote the development of these conditions.

The Piura region in northern Peru (latitude W80°37'58.15", longitude S5°11'40.16") is located close to the
equator and has some of the highest year-round temperatures in the country. It is possible that in this
region exposure to high temperatures is affecting pregnancies and fetal development and increasing the
risks of the aforementioned conditions.

Therefore, this study aimed to determine the effect of temperature and climate variability during the last
eight weeks of gestation on perinatal outcomes in Piura, an area located near the equator, during the
period 2011–2016.

Materials And Methods

Design and Area of Study
The present study is a retrospective semi-ecological design, which seeks to evaluate the association
between exposure to high environmental temperatures during pregnancy with birth weight and preterm
birth in the province of Piura, during the period 2011–2016.

The province of Piura is located in the department of Piura, northern Peru, with coordinates 4º 5' and 6º
22' south latitude, and 79º 00' and 81º 7' west longitude, with an altitude of 49 masl. The area has a
warm, desert and oceanic climate, with ambient temperatures above the national average due to its
proximity to the equator, which are around 30°C.

The province of Piura consists of 10 districts, with a total area of 6,211.61 km2. It has an estimated
population of 894,847 people, of which approximately 190,000 are women of reproductive age (15–45
years).

During 2011, a total of 16,247 live births were registered in the province of Piura, while the rest of the
provinces in the region reported between 2000–6000 births. Births are mainly attended at the Santa Rosa
de Piura Hospital (MINSA), located in the district of Castilla. This is a teaching hospital which attends the
largest number of births in the province of Piura along with the Cayetano Heredia Hospital (EsSalud).
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Study Population
The study population is composed of live births residing in the province of Piura during the years 2011–
2016. Maternal-perinatal information of neonates is stored in the Perinatal Informatics System (SIP) of
the Santa Rosa Hospital, whose registration begins in 2000.

The SIP is a software that allows recording and storing the information corresponding to the mother from
her �rst care in any of the health facilities, such as, for example, the mother's age, district of residence,
weight, height, diagnosis of preeclampsia, etc. Likewise, the information of the newborn is registered and
nested to its respective mother, �nding information such as birth weight, gestational age at birth, birth
weight and height at birth.

The database obtained from the SIP had records for the years 2000–2017, but the study only considered
years in which all months reported births. Based on this criterion, the period 2011–2016 was eligible for
the study.

Other inclusion criteria were single deliveries, maternal age range of 15 to 45 years, and maternal
residence in the province of Piura. Neonates weighing less than 500 grams, gestational age less than 20
weeks were excluded as these are considered miscarriages or abortion, twin deliveries, and those with
missing data on the outcome variables of interest. Figure 1 shows the �ow chart for the selection of
records.

Variables
Maternal and Neonatal variables

Birth Weight is de�ned as the weight assigned to the neonate immediately after birth. The data are
expressed in grams, are continuous in nature and on a ratio scale.

Preterm Birth is de�ned as the birth of the newborn prior to 37 completed weeks of gestation. The
variable is a qualitative, dichotomous, nominal variable. For its creation, information on gestational age
at birth was used according to the date of the last menstrual period registered in the SIP.

Other variables such as mother’s age at conception, pregestational body max index, pre-eclampsia,
gestational diabetes mellitus, work status, study level, urinary tract infection (UTI), smoking and newborn
sex were considered for the analysis.

Maximum environmental heat index

Maximum temperature and relative humidity (RH) data were obtained through NASA's POWER platform
(https://power.larc.nasa.gov/data-access-viewer/), which allows the download of gridded satellite
meteorological data. The data are produced using the MERRA-2 model, which provides geospatial
information starting in 1980 (https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/).
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The province of Piura is segmented into 4 grids, each with a resolution of 0.5° latitude by 0.625°
longitude. Historical meteorological information for the period 01/01/2010–31/12/2016 was
downloaded from each grid. Subsequently, the maximum temperature and relative humidity values were
averaged for each day. Once the daily average value was obtained, we proceeded to calculate the daily
average apparent temperature (HI) of the province, according to the formula indicated by the National
Oceanic and Atmospheric Administration (NOAA)
(https://www.wpc.ncep.noaa.gov/html/heatindex_equation.shtml). To do so, the temperatures were �rst
transformed to their equivalent in degrees Fahrenheit; then the indicated formula was applied:

Where: HI is the apparent temperature

T is the temperature in degrees Fahrenheit

RH is the relative humidity

Finally, the maximum apparent temperature (HImax) was converted to its equivalent in degrees Celsius,
obtaining a daily value.

Four exposure windows were constructed: whole pregnancy, third trimester, second trimester and �rst
trimester. For this purpose, the HImax was averaged according to the gestational age at birth of the
neonate, assigned according to the date of delivery. Exposure was separated into quartiles with an
additional level for above percentile 95, giving a total of 5 levels of exposure.

Ethical considerations
The present study did not represent any danger or harm to the neonates and mothers in the study, since
the database provided was anonymized, identifying the mother-infant dyad by means of a unique code.
Likewise, the database did not contain personal information that would allow the identi�cation of the
study subject. Only the district of residence of the mother was available to select the neonates according
to the inclusion/exclusion criteria.

The data on residence were not shared with persons outside the study, thus guaranteeing complete
con�dentiality of the data and anonymity of the study participants.

Statistical Analysis
Statistical analyses were carried out using STATA v.17 software. First, a description of the sample was
made, reporting the mean and standard deviation of quantitative variables if they showed normal
distribution; otherwise, the median and interquartile range were reported. For qualitative variables,
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absolute and relative frequencies expressed as percentages (%) were reported. Exposure was divided and
assigned according to HImax quartiles.

Bivariate analysis was performed between the outcome variables with the different covariates
considered; t-Student, ANOVA and Spearman regression were used for Birth Weight with the different
covariates, after evaluation of the assumptions of normality, homoscedasticity, or bivariate normality,
while Chi-square and U-Mann Whitney and t-Student were used for Preterm Birth with the different
covariates.

To evaluate the effect of exposure with birth weight, a crude linear regression analysis and adjusted for
covariates was performed, evaluating the assumptions of linearity, normality of residuals and
homoscedasticity; if the latter was not met, the modi�cation of the model with robust variances was
used. For Preterm birth, this outcome was considered as a time-to-event variable, determining gestational
age in weeks as the follow-up time, whose maximum follow-up value was 37 weeks (gestational age at
which a neonate is no longer considered preterm). A crude and adjusted Cox regression was performed.
The assumption of proportionality of hazards was assessed using Schoenfeld residuals analysis, while
the assumption of linearity of the model with the numerical variables was assessed using Martingale
residuals. A p-value < 0.05 was considered signi�cant.

Results
Table 1 shows the summary statistics of maternal and newborn characteristics. With respect to the
mothers, the average age was approximately 26 years. About 96% of the mothers indicated that they did
not have a job, dedicating themselves exclusively to home maintenance; and more than half of them had
a high school education. The prevalence of preeclampsia was 6.9%, while the prevalence of gestational
diabetes was less than 1%. Regarding birth outcomes, female neonates predominated; the average birth
weight was 3235 grams, and the median gestational age at birth was 39, and there was a 9.6%
prevalence of preterm birth. The mean HImax for each of the exposure windows was greater than 40°C.
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Table 1
Maternal, neonatal and exposure variables description (N = 17,788)β

Variables N (%)

Mother’s age (years)α 26.1 ± 6.9

Work status  

  Unemployed 16,896 (95.9)

  Employed 713 (4.1)

Study level  

  No education 490 (2.8)

  Elementary 3,543 (19.9)

  Secondary 10,040 (56.4)

  Higher education 3,715 (20.9)

Pregestational BMI (kg/m2)* 25.22 (4.4)

Pre-eclampsia  

  Yes 1,223 (6.9)

  No 16,565 (93.1)

Urinary Tract Infection  

  Yes 1,333 (7.5)

  No 16,455 (92.5)

Gestational diabetes mellitus  

  Yes 57 (0.3)

  No 17,731 (99.7)

Smoke  

For the variable Employment Status, the category "Employed" considers all pregnant women who
expressed that they were dependent or independent workers.

For the variable Education, the category "Higher Education" considers both university and technical
education.

αMean ± Standard deviation

* Median (interquartile range)

β Some variables may add up to less than 17,788 due to missing values.
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Variables N (%)

  Yes 860 (4.8)

  No 16,928 (95.2)

Newborn sex  

  Masculine 8,517 (47.9)

  Femenine 9,248 (52.1)

Gestational age at birth (weeks)* 39 (2)

Entire pregnancy HImax 42.3 ± 2.2

Third trimester HImax 42.6 ± 3.1

Second trimester HImax 42.4 ± 3.3

First trimester HImax 41.9 ± 3.4

Birth Weight (grams) 3235.2 ± 578.5

Preterm Birth (%)  

  Yes 1,701 (9.6)

  No 16,068 (90.4)

For the variable Employment Status, the category "Employed" considers all pregnant women who
expressed that they were dependent or independent workers.

For the variable Education, the category "Higher Education" considers both university and technical
education.

αMean ± Standard deviation

* Median (interquartile range)

β Some variables may add up to less than 17,788 due to missing values.

Table 2 shows a statistically signi�cant association between birth weight and the different covariates
apart from labor status, UTI and gestational diabetes; as for the continuous variables (maternal age,
pregestational BMI and gestational age), all showed a statistically signi�cant positive monotonic
correlation, with the coe�cient being higher with gestational age. With respect to the HImax, an
association was found with each of the different exposure windows, suggesting a decrease in birth
weight for each level of exposure, with the weight apparently being the lowest in the P95 group, especially
in the entire pregnancy and third trimester window.
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Table 2
Association between birth weight and covariates

Variables Birth Weight p

No (n = 17,788)

Mean ± SD

Mother’s age* 0.06 < 0.001

Work Status   0.416

  Unemployed 3234.3 ± 579.6  

  Employed 3252.3 ± 559.2  

Study levelα   < 0.001

  No studies 3201.4 ± 574.7  

  Elementary 3171.8 ± 601.8  

  Secondary 3242.3 ± 579.5  

  Higher education 3281.1 ± 547.6  

Pregestational BMI* 0.15 < 0.001

Pre-eclampsia   < 0.001

  Yes 3030.7 ± 609.4  

  No 3250.4 ± 573.3  

UTI   0.152

  Yes 3257.1 ± 559.7  

  No 3233.5 ± 579.9  

Gestational diabetes mellitus   0.066

  Yes 3375.6 ± 874.9  

  No 3234.8 ± 577.3  

Smoke   0.003

  Yes 3290.8 ± 559.3  

  No 3232.4 ± 579.3  

*Spearman correlation analysis.

α Analysis of Variance test (ANOVA). For the rest of the variables, the t-Student test was used.



Page 10/22

Variables Birth Weight p

No (n = 17,788)

Mean ± SD

Newborn sex   < 0.001

  Masculine 3201.9 ± 558.5  

  Femenine 3267.8 ± 591.5  

Gestational age* 0.42 < 0.001

Entire pregnancy HImaxα   < 0.001

  Q1 (< 40.9) 3260.5 ± 581.2  

  Q2 (40.9–42.1) 3255.5 ± 551.5  

  Q3 (42.2–44.4) 3217.7 ± 587.9  

  Q4 (44.5–45.7) 3240.0 ± 546.9  

  P95 (> 45.7) 3079.5 ± 724.4  

Third trimester HImaxα   < 0.001

  Q1 (< 40.0) 3286.3 ± 536.6  

  Q2 (40.0–42.6) 3259.1 ± 540.6  

  Q3 (42.7–44.6) 3262.8 ± 534.1  

  Q4 (44.7–47.8) 3213.7 ± 536.0  

  P95 (> 47.8) 2871.4 ± 968.8  

Second trimester HImaxα   < 0.001

  Q1 (< 39.7) 3272.1 ± 560.9  

  Q2 (39.7–42.6) 3220.5 ± 595.8  

  Q3 (42.7–44.7) 3236.4 ± 561.8  

  Q4 (44.8–47.7) 3211.5 ± 588.4  

  P95 (> 47.7) 3214.2 ± 609.9  

First trimester HImaxα   0.029

*Spearman correlation analysis.

α Analysis of Variance test (ANOVA). For the rest of the variables, the t-Student test was used.
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Variables Birth Weight p

No (n = 17,788)

Mean ± SD

  Q1 (< 39.2) 3252.4 ± 545.5  

  Q2 (39.2–42.0) 3241.2 ± 561.5  

  Q3 (42.1–44.5) 3229.4 ± 598.0  

  Q4 (44.6–47.6) 3225.7 ± 603.9  

  P95 (> 47.6) 3187.9 ± 614.8  

*Spearman correlation analysis.

α Analysis of Variance test (ANOVA). For the rest of the variables, the t-Student test was used.

Regarding preterm birth, in Table 3, there was no statistical signi�cance with employment status,
diagnosis of UTI, pregestational BMI and smoking. It was observed that the highest proportion of preterm
births occurred in the group of mothers with lower educational level; likewise, pre-eclampsia and
gestational diabetes were shown to be factors strongly associated with preterm birth. As for HImax, no
statistically signi�cant association was obtained with the third trimester exposure window, although this
can be considered marginal (p = 0.059); however, a slight trend is seen in terms of an increase in the
prevalence of preterm birth the higher the quartile of exposure of interest, and with a evident highest
prevalence for the P95 group.
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Table 3
Association between preterm birth and covariates

Variable Preterm Birth p

No (n = 16,565) Yes (n = 1,223)

n (%) n (%)

Mother’s age* 25 (11) 25 (12) < 0.001

Work status     0.191

  Unemployed 15,260 (93.4) 1,626 (9.6)  

  Employed 653 (91.8) 58 (8.2)  

Study level     0.001

  No studies 428 (88.6) 55 (11.4)  

  Elementary 3,141 (88.8) 398 (11.25)  

  Secondary 9,121 (90.9) 915 (9.12)  

  Higher education 3,378 (91.0) 333 (9.0)  

Pregestational BMIα 25.2 ± 4.5 25.2 ± 4.8 0.759

Pre-eclampsia     < 0.001

  Yes 1,008 (82.4) 215 (17.6)  

  No 15,060 (91.0) 1,486 (9.0)  

UTI     0.405

  Yes 1,214 (91.1) 119 (8.9)  

  No 14,854 (90.4) 1,582 (9.6)  

Gestational diabetes mellitus     < 0.001

  Yes 38 (66.7) 19 (33.3)  

  No 16,030 (90.5) 1,682 (9.5)  

Smoking     0.791

  Yes 779 (90.7) 80 (9.3)  

*Median (interquartile range), U-Mann Whitnney test.

α Mean ± SD, t-Student.

For the analysis between qualitative variables, the Chi-square test was used.
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Variable Preterm Birth p

No (n = 16,565) Yes (n = 1,223)

n (%) n (%)

  No 15,289 (90.4) 1,621 (9.6)  

Newborn sex     0.032

  Masculine 7,740 (91.0) 769 (9.0)  

  Femenine 8,315 (90.0) 922 (10.0)  

Entire pregnancy HImax     0.024

  Q1 (< 40.9) 4,013 (90.3) 430 (9.7)  

  Q2 (40.9–42.1) 4,068 (91.5) 376 (8.5)  

  Q3 (42.2–44.4) 4,002 (90.1) 438 (9.9)  

  Q4 (44.5–45.7) 3,251 (91.5) 303 (8.5)  

  P95 (> 45.7) 734 (72.7) 154 (17.3)  

Third trimester HImax     0.059

  Q1 (< 40.0) 4,032 (91.4) 379 (8.6)  

  Q2 (40.0–42.6) 4,008 (90.9) 400 (9.1)  

  Q3 (42.7–44.6) 4,050 (91.8) 361 (8.2)  

  Q4 (44.7–47.8) 3,204 (90.9) 322 (9.1)  

  P95 (> 47.8) 774 (76.4) 239 (23.6)  

Second trimester HImax     < 0.001

  Q1 (< 39.7) 4,071 (91.6) 372 (8.4)  

  Q2 (39.7–42.6) 3,980 (89.6) 462 (10.4)  

  Q3 (42.7–44.7) 4,407 (91.1) 398 (8.9)  

  Q4 (44.8–47.7) 3,178 (89.6) 368 (10.4)  

  P95 (> 47.7) 792 (88.7) 101 (11.3)  

First trimester HImax     < 0.001

*Median (interquartile range), U-Mann Whitnney test.

α Mean ± SD, t-Student.

For the analysis between qualitative variables, the Chi-square test was used.
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Variable Preterm Birth p

No (n = 16,565) Yes (n = 1,223)

n (%) n (%)

  Q1 (< 39.2) 4,041 (90.9) 406 (9.1)  

  Q2 (39.2–42.0) 4,096 (92.1) 350 (7.9)  

  Q3 (42.1–44.5) 3,974 (89.5) 464 (10.5)  

  Q4 (44.6–47.6) 3,196 (90.1) 353 (9.9)  

  P95 (> 47.6) 761 (85.6) 128 (14.4)  

*Median (interquartile range), U-Mann Whitnney test.

α Mean ± SD, t-Student.

For the analysis between qualitative variables, the Chi-square test was used.

Figure 2 shows the results of the adjusted linear regression analysis between birth weight and HImax by
exposure window. In the entire pregnancy window, it can be seen a statistically signi�cant decrease in
birth weight as from Q3 (β-coeff=-29.68 95%CI -50.75, -8.60, p = 0.006), with the biggest decrease for Q4
and P95 exposure groups, -36.86 (95%CI -58.21, -15.45, p = 0.001) and − 38.50 grams (95%CI -71.46, -5.53,
p = 0.022), respectively. This same association and behavior held for the third trimester exposure window,
with the greatest decrease for P95 with − 70.48 grams (95%CI -102.69, -38.28). For the second trimester
the effect of HImax over birth weight is seen in Q2, Q3 and Q4 groups. The �rst trimester exposure
window did not show any statistically signi�cant association. All coe�cients can be found in
Supplementary Table 1.

Figure 3 shows the association between HImax and the hazard of preterm birth, showing that for
exposure during the entire pregnancy and the third trimester, only those exposed to the P95 HImax
considerably increased the hazard for preterm birth HR = 1.93 (95%CI 1.58, 2.37, p < 0.001) and 2.76
(95%CI 2.30, 3.31, p < 0.001), respectively. Second trimester exposure window showed an increase of
preterm birth hazard in Q2 (HR = 1.36 95%CI 1.16, 1.59, p < 0.001), Q4 (HR = 1.36 95%CI 1.16, 1.61, p < 
0.001) and P95 (HR = 1.47 95%CI 1.16, 1.86, p = 0.001). For the �rst trimester, all HImax groups, except for
Q2, showed increased hazards for preterm birth, with the highest effect in the P95 (HR = 1.76 95%CI 1.42,
2.18, p < 0.001). All coe�cients can be found in Supplementary Table 2.

Discussion
The present study aimed to determine the association between maximum apparent temperature during
pregnancy with birth weight and preterm birth in newborns in the province of Piura, 2011–2016. For this



Page 15/22

purpose, regression models were generated considering 4 different exposure windows: entire pregnancy,
and for each of the trimesters of gestation.

It was obtained that exposure to upper quartiles of maximum temperature during the entire pregnancy,
and the third and second trimester, starting at 40°C, was associated with a decrease in birth weight, this
effect being greater during the third trimester, where Q4 and P95 was associated with a reduction of
66.08 and 70.48 grams, meaning that different stages of pregnancy progression are more susceptible
than others.

A recent meta-analysis (19) found that exposure to high temperature is associated with a decrease in
birth weight in a range of (-39.4 to -15.0 grams) similar to our results, however, it is not speci�ed whether
ambient temperature or apparent temperature was used, as in our case. In a retrospective study
performed in California, United States, where apparent temperature was evaluated similar to ours, it was
found that the greatest effect of temperature on birth weight at term occurred in the third trimester when
exposed to temperatures higher than 15°C (20).

It is postulated that one of the mechanisms by which temperature affects pregnancy is by promoting an
in�ammatory state of the placenta (21). It is possible that this mechanism is more relevant during the
third trimester of gestation, since it is during this stage that the growth rate of the fetus is higher, thus
explaining why we found a greater decrease in birth weight in this window of exposure, like other studies.

Regarding preterm birth, we found that there HImax affected overall gestation increasing in 93% the risk
for preterm birth when exposed to temperatures > 45.7°C (P95); but there is a greater susceptibility during
the �rst two trimesters of gestation since almost all groups of exposure showed increased hazard for
preterm birth, but the greater effect of HImax was found in P95 in the third trimester. In a study conducted
in Sabzevar, Iran, where maximum temperatures similar to ours were observed, the hazard of preterm
birth was found to increase with temperatures above 30°C (22). On the other hand, the greater
susceptibility found in the �rst 2 trimesters agrees with those obtained in a study performed in China
where more than 1 million records were evaluated, �nding that exposure to temperatures above 24°C was
associated with a 78% increase in the hazard of preterm birth in the �rst trimester, and a 41% increase in
the second trimester; while in the third trimester this effect was diluted (23). This increased susceptibility
during the �rst trimesters of gestation seems to be a characteristic mainly given in areas with a higher
basal temperature, since in an evaluation conducted in China (24), provinces considered as hot areas
showed a greater increase in preterm birth hazard during this period, as well as during the �rst week of
the third trimester of gestation.

It is possible that this increased susceptibility during the �rst trimesters of gestation is due to heat stress
impacting placental formation, as suggested by a model in pigs (25). The in�ammatory state would
cause de�ciencies in blood vessel formation, leading to inadequate oxygenation, and thus a constant
oxidative environment incapable of sustaining a pregnancy to term (26). However, it has been observed
that the risk of placental abruption associated with environmental heat stress occurs mainly in pregnant
women at term (27); therefore, the mechanism could be different.
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Although our study found signi�cant associations between HImax birth weight and preterm birth, there
are some limitations. The study design only allows us to assess exposure at the population level, creating
a ecological bias. To avoid these biases, future studies should include individual measurements.
Additionally, there are other factors that could modify exposure to temperature or heat stress, such as
having refrigeration equipment at home or at the workplace; or if the pregnant woman migrated to other
cities during different stages of pregnancy.

On the other hand, several studies have shown how pollutants, especially particulate matter (PM) < 10
and 2.5 µm and nitrogen oxides (NOx) signi�cantly increase the risk of adverse birth outcomes (28–30);
however, for the present study no information could be obtained regarding air pollutants. Likewise, social
and urban factors may play an important role in terms of thermal sensation, as socioeconomic status
and density of green areas interact with temperature effects (31).

On the other hand, it should be noted that most studies have been conducted in countries far from the
equator, evaluating Asian, European, and American populations (12, 13). In these regions, environmental
temperatures throughout the year would show considerable �uctuations. In addition, the monitoring
station only reported daily minimum and maximum temperature, so it was not possible to evaluate the
relationship with mean daily temperature. To our knowledge, our study is one of the �rst attempts to
evaluate the effect of temperature on birth outcomes in an equatorial country, which helps to establish
this area of research that is still novel in our region.

Since adverse birth outcomes can affect health in adulthood, increasing the risk of metabolic diseases,
new methods for assessing the effects of temperature and climate variability in pregnancy, such as the
novel approach used in the present study, are needed to contribute, �rst, to the understanding of
biological effects and response to exposure, and second, to optimize prenatal care controls by
considering other variables such as temperature.

Exposure to high maximum temperatures negatively affects fetal growth, especially during the third
trimester of gestation; while it affects the duration of pregnancy mainly when exposure occurs during the
�rst two trimesters. The thermal stress resulting from this exposure could be causing de�ciencies at the
placental level, both in the formation and functioning of the organ; however, these effects need to be
explored in future studies given the current situation of climate change.

The �ndings of this study could help to understand how temperature may affect reproductive health in
Piura, be useful to anticipate and adapt hospital obstetric services during periods of high heat; and
promote public health initiatives and campaigns that could help improve the impact of temperature
stress on birth outcomes. Finally, this study provides new insight into the assessment of temperature
exposure during pregnancy, which is during the stage of greatest fetal growth, which could ultimately
serve as a new tool for environmental epidemiology research and evaluation.
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Figures

Figure 1

Flow diagram for valid registries selection
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Figure 2

Forest plot of adjusted linear regression analysis between HImax exposure groups and birth weight in
different exposure windows.
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Figure 3

Forest plot of adjusted Cox regression analysis between HImax exposure groups and preterm birth in
different exposure windows.
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