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Abstract

Introduction: Premature birth (PTB) is a common cause of infant mortality and can
lead to long-term complications and disorders. Considering that the prevalence of
PTB may vary in the seasons, the changes in preterm birth rates during the seasons
were investigated in this study, along with exploring the factors affecting the
occurrence of preterm births.

Methods: In this cross-sectional study, data collected from pregnant women at
Taleghani Hospital to investigate 140 cases of preterm births, concentrating on
seasonal differences, maternal age, gravidity, previous abortion history, newborn
gender, weight, umbilical cord pH, and the Apgar score measured at ten minutes birth.
Results: The study found that preterm birth rates vary by season, peaking in autumn
at 29.3% and dropping to 19.5% in winter. The gender distribution of preterm infants
was nearly equal, with a slight majority of boys. The average gestational age of mothers
remained stable across seasons, and there was no significant difference in average baby
weight among different maternal age groups. The average umbilical cord artery pH
was 7.26, and the mean birth weight was 2,223 grams. Additionally, Spearman's
analysis showed a positive correlation between gestational age and both ten-minute
Apgar scores and birth weight. However, no significant associations were found
between umbilical cord artery pH and gestational age, delivery type, or infant gender.
Conclusions: Preterm birth rates are not significantly affected by seasons, while
longer gestational periods lead to heavier newborns and better Apgar scores. Umbilical

cord pH remains unaffected by gestational age, delivery method, or baby gender.

INTRODUCTION
INTRODUCTION

Preterm birth (PTB), defined as a delivery before 37
weeks of gestation, and is a significant global health
issue, with approximately 15 million cases occurring
annually and a substantial burden on families and
healthcare systems [ 1,2]. Premature birth is responsible
for 75% of perinatal mortality and more than half of
morbidity throughout life [3, 4]. In 2020, the rate of
preterm birth ranged from 4% to 16% among babies
born in different countries. It is estimated that around
13.4 million babies were born preterm during that year.
In 2015, PTB-related complications were the leading
causes of child under-5 mortality and the second most
common cause of child death after congenital
abnormalities in the United States and China [5-7].

In high-income countries, although most hyperthermic
babies survive, they are at a higher risk of developing
neurological, respiratory, and digestive disorders [3, 8,
9]. According to reports, PTB has long-term
consequences such as increased risks of cerebral palsy,
impaired learning, visual disorders, hearing loss, and
chronic noncommunicable diseases later in life [S]. In
addition, PTB and its associated sequela have enormous
negative impacts on the family and society [4, 6, 7].

The probability of premature birth can be influenced by
various factors, including maternal age, underlying
diseases, vitamin D level, allergies, viral and bacterial
diseases, air temperature, and air pollution [4, S, 10].
Today's societies face significant challenges related to
air pollution, particularly during colder seasons when
pollution levels are closer to the earth's surface due to
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climate change. This can increase the risk of pollutants
entering the human body and causing respiratory,
neurological, and digestive disorders [4].

Studies have identified seasonal patterns in PTB rates,
with variations observed in different regions and
populations. In the United States, for example, autumn
has been identified as the peak season for preterm birth,
while in the United Kingdom, Greece, and Japan,
preterm birth rates show an annual pattern with two
peaks, one in winter and the other in summer [1, 2].
These variations may be influenced by climatic factors
such as temperature, humidity, and daylight length, as
well as seasonal habits, religious practices, and social
customs [1].

The possibility of premature birth may be higher in cold
seasons or with more pollution due to the following
factors: Changes in temperature and air pollution [4].
The prevalence of viral diseases in the seasons [11].
Seasonal changes can impact environmental factors like
temperature and humidity, which have been linked to
preterm births. Understanding these correlations can
lead to targeted interventions that mitigate risks
associated with adverse weather condition. Given the
dangers associated with PTB for both the mother and
the infant, a leading cause of infant mortality that can
result in lasting health issues for mothers, this study
examined the seasonal variations in PTB rates and
delved into the factors influencing its occurrence.

METHODS

This is a cross-sectional study that aimed to investigate
the frequency distribution of premature births during
the years 2018-2019 at Taleghani Medical Education
Center of Tehran affiliated to Shahid Beheshti
University of Medical Sciences. The information was
obtained from the files as well as the obstetrics and
gynecology department. After extraction by the
researcher, the results were confirmed by the second
person. Although this study did not specifically focus on
different cultural groups or exclude any particular
cultural background, it is important to acknowledge the
broad applicability of the findings within the sample.
This study’s data were collected from all patients
admitted to this Hospital during the specified time
period, reflecting a diverse patient population
representative of the general demographic served by the
hospital. Therefore, while the study does not include a
formal cross-cultural validation, the results are relevant
to a wide range of individuals within this context.

In this study, a complete enumeration sampling method
was utilized to collect data on pregnant women who
delivered before 36 weeks of gestation. The sample
consisted of 140 individuals from a total of 148 women
who gave birth prematurely (less than 37 weeks) at
Taleghani Hospital over a two-year period. Mothers
who delivered before 20 weeks of pregnancy, babies

born weighing less than 500 grams, and multiple
pregnancies were excluded from the study. This
research focused on births that took place between 20
weeks and 36 weeks and 6 days of gestation, without
examining the factors contributing to premature birth.
The inclusion criteria were as follows:

- Gestational age between 20 weeks and 36 weeks plus 6
days

- Single Pregnancy

- Weight of the larger newborn was 500 grams or more

Data Analysis

Statistical analysis was conducted using SPSS version 20
software in this study. This research employed a variety
of techniques, including the Chi-square statistical test,
ANOVA, T-test, and the bootstrap method, to analyze
the data. The Chi-square statistical test and a 5% margin
of error were used to evaluate the equality of preterm
birth frequencies between seasons. ANOVA and T-test
were used to compare means, while the bootstrap
method was utilized to establish a 95% confidence
interval to determine the likelihood and frequencies of
occurrence.

Ethical Considerations

Throughout the study, the privacy and confidentiality of
the patients were prioritized. All stages, including data
collection and utilization, were conducted in a manner
that protected the secrets and identities of the patients.
The information obtained from the patients remained
completely confidential and was treated with the utmost
care. Moreover, full compliance with the principles of
scientific ethics and trustworthiness has been ensured in
the utilization of texts and information derived from
other articles, magazines, and scientific sources. This
study is based on the doctoral thesis of Aram Jafari,
which has been approved by the ethics committee of
Shahid Beheshti University of Medical Sciences
(IR.SBMU.MSP.REC.1398.920).

RESULTS

The average age of mothers who experienced preterm
birth was 31.77. These mothers were categorized into
five age groups: under 20 years (N=6), 20-24 years
(N=11), 25-29 years (N=33), 30-34 (N=30), years, 35-
39 years (N=29), and 40 years or older (N=14). The
distribution was as follows in Table 1. The proportion of
women who are pregnant for the first time (Gravid 1)
was 30.9%, while the proportion of those who have been
pregnant once (Gravid 2) was 30.9%, and more than 1
times (Gravid >2) was 38.2%. Concerning the mother's
abortion history, the percentage of mothers who had no
abortions was 73.2%, while 18.7% had one abortion, and
8.1% had more than one abortion, according to the
study'’s findings.

Table 2 displays the percentages of PTB in various
seasons and the Figure 1 displays PTB frequency in
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months. Also, the gender distribution of babies in the
study was nearly even, with boys accounting for 51.2%
and girls for 48.8%. Table 3 presents data on the
occurrence and proportions of mothers' gestational
ages. The statistical analysis revealed no significant
differences in the average gestational age of mothers
experiencing preterm births across different seasons of
the year. Table 3 displays data on the frequency and
distribution of mothers' gestational ages. In this study
the neonates were categorized into five groups based on
their weight (Table 4). The frequency of babies in each
weight category is shown in Table 4. The average weight
of babies was 2223 grams. Proportion of female
newborns was 48.8% and male newborns was 51.2%.

According to the results, the average weight of babies
born in different seasons is not significantly different
from each other (p-value =0.416). The study found that
the average weight of babies in different age groups of
mothers is not significantly different from each other (p-
value =0.346). Additionally, according to the study's
findings, there is no correlation between the number of
mothers' pregnancies and the weight of babies born (p-
value =0.378). Furthermore, the average weight of male
newborns is not significantly different from that of
female newborns (p-value =0.536). However, the
average weight of neonates in different gestational age
categories is significantly different from each other (p-
value < 0.001) (Figure 2). Moreover, according to

(p-value < 0.001) in the occurrence of cesarean section
(75.6%) and vaginal delivery (24.4%) that is shown in
figure 3. However, the T-test indicated that the
weighted average of the two groups was not significantly
different (p-value =0.812). Furthermore, there was no
significant difference in the average gestational age
between the vaginal and cesarean delivery groups (p-
value = 0.152). On the other hand, the average age of
mothers in the cesarean delivery group (32.77 years)
and vaginal delivery group (28.62 years) showed a
significant difference (p-value = 0.005).

The average pH of the umbilical cord in newborns was
7.26, with a standard deviation of 0.12 (The minimum
pH recorded was 6.59, and the maximum pH was 7.47).
The study found that there was no significant difference
in the average pH of the arterial umbilical cord across
different gestational age categories, as determined by
the ANOVA test (p-value = 0.328) (Figure 4).

Table 1. The percentages of mothers who had PTB

Age group (years percentages of mothers who had
old) PTB

under 20 5.8%, (95% CI = 2.4%, 10.4%)
20 to 24 9.2%, (95% CI = 4.6%, 15.1%)
25029 27%, (95% CI = 15.6%, 29.8%)
30to 34 24.2%, (95% CI = 18.4%, 35%)
35039 24.2%, (95% CI = 16.5%, 32.1%)
40 or older 11.7%, (95% CI = 6.2%, 17.8%)

Table 2. The percentages of PTB in various seasons

Spearman's test, there is a significant positive correlation Seasons percentages of PTB
’ . . Spring 24.4% (95% CI = 16.8%, 32.2%)
between gestational age and newborn weight with a Summer 26.8% (95% CI = 19.0%, 35.1%)
correlation coefficient of 0.742 (p-value < 0.001). Based autumn 29.3% (95% CI = 21.7%, 37.5%)
on the type of delivery, there was a notable distinction Winter 19.5% (95% CI = 12.7%, 26.9%)
Table 3. Gestational age
Frequency Percent Minimum Maximum
<24 1 0.8 0.0 2.5
24-27 11 8.9 4.1 14.8
28-31 12 9.8 4.8 15.4
32-33 22 17.9 11.5 24.8
34-36 77 62.6 53.7 71.1
Table 4. Neonate weight groups’ frequency
Frequency Percent Minimum Maximum
<1000 9 7.3 3.2 12.3
1000-1500 12 9.8 4.7 15.6
1500-2000 23 18.7 12.0 25.6
2000-2500 31 252 17.5 33.1
2500-3000 30 24.4 17.1 31.7
>3000 18 14.6 8.7 21
total 123 100 100 100
Table 5. Apgar descriptive statistics
Statistic Minimum Maximum
N 123 114 132
Min 0
Max 9
Mean 7.27 6.75 7.75
Std. Dev 2.889 2.387 3.291
N 123 114 132
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Also, there was no clear association between gestational
age and arterial umbilical cord pH, as indicated by
Spearman's test (p-value = 0.396). Moreover, the
average umbilical cord pH of newborns born in different
seasons did not significantly differ from each other, as
determined by the ANOVA test (p-value = 0.437). The
study did not find a clear correlation (p-value = 0.376)
between the age groups of mothers and arterial
umbilical cord pH and similarly, there was no significant
association between the sex of newborns and the pH of
the arterial umbilical cord, as determined by the
ANOVA test (p-value = 0.129). Also there was no
significant correlation between the mode of delivery

(vaginal or caesarean section) and the mean pH of the
arterial umbilical cord in newborns, as indicated by the
ANOVA test (p-value = 0.336).
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Figure 4. Umbilical cord pH means in the gestational age categories
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Figure S. Apgar scores of neonates in different gestational age
categories

Table S provided statistical descriptions of Apgar scores
of newborns. The mean Apgar score of newborns did
not show a significant difference in the age groups of
mothers (p-value =0.517), and there was no significant
difference in Apgar scores of male and female newborns
(p-value =0.659). Additionally, there was no correlation
coefficient between the Apgar score of newborns and
the pH of the umbilical cord (p-value =0.519).
Furthermore, there was no significant difference in
Apgar scores between vaginal birth and cesarean birth
(p-value =0.191).

As seen in figure S, there is a significant difference
between the average Apgar score of neonates were born
in different gestational age categories in this study (p-
value < 0.001), with a positive and a correlation
coefficient of 0.466. Also, Neonatal Apgar scores
showed a significant variation across different weight
groups (p<0.001). Furthermore, there was a positive
correlation between neonatal weight and Apgar scores,
with a correlation coefficient of 0.5.
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DISCUSSION

Given the dangers associated with PTB for both the
mother and the infant, a leading cause of infant mortality
that can result in lasting health issues for mothers, this
study examined the seasonal variations in PTB rates and
delved into the factors influencing its occurrence. The
results of this study confirms the direct relationship
between gestational age and birth weight of babies.
This study found that the prevalence of preterm birth
varied across seasons, with the highest rate in fall and the
lowest rate in winter. According to a study conducted in
the United States, conceptions occurring in late winter
and early spring were the most common among births
[12]. However, that study did not examine premature
birth, while the present study included all causes of
premature births and did not focus on a specific cause.
Additionally, the mentioned study investigated the
season of conception, and it was not possible to calculate
the season in which the birth occurred since these births
were premature and occurred between 20-36 weeks.
Another study conducted in England found that the
frequency of premature birth was different between
seasons and was highest in winter [13].

A study in Norway found that fetuses conceived in July
had the lowest rates of preterm birth and early preterm
birth, while those conceived in December had the
highest rates [ 1]. This finding is consistent with seasonal
patterns observed in other countries. In addition to
seasonal variations, the review highlights the
importance of considering nondifferential errors in
assigning the date of the last menstrual period (LMP) as
potential confounders in studies examining the
relationship between season and preterm birth [14].
Proper avoidance of these errors is crucial for accurate
analysis.

Another study conducted in the United States reported
the prevalence of premature births occurring in the same
seasons [15] but did not investigate the causes of
premature birth. However, the studies mentioned
earlier were conducted in developed countries, which
could be an influential factor in this field. In contrast, a
study conducted in Bangladesh found that the
prevalence of premature birth was lowest in winter and
highest in autumn [16]. The current study's findings
follow this pattern to some extent, with the lowest
prevalence in the winter season (5.83%) and the highest
in the autumn season (9.13%). However, the results of
the statistical tests showed that this difference was
significant, and there was no significant difference in the
prevalence of premature birth between seasons with a p-
value greater than 0.05.

The development level of societies may be a reason for
the difference in the results of the studies conducted in
different countries compared to our study. Differences
in socio-economic status may also contribute to the
variations in the results of the studies, as premature birth

is more common in the lower socio-economic class
[17].

Exposure of pregnant women to high or low
temperatures can increase the likelihood of premature
birth [18]. Since air temperature varies across different
seasons, it is likely to be a contributing factor to the
difference in the prevalence of premature birth in
different seasons. Additionally, the difference in
temperature in different geographical latitudes and
countries can be one of the reasons for the variation in
the results of similar studies. These factors, including
temperature and geographical location, may explain the
different prevalence of premature birth in different
seasons and the variation in the results of this research
compared to other studies [19-21].

The present study revealed that there is a correlation
between gestational age and birth weight of preterm
babies, and the birth weight increases with increasing
gestational age. This result is consistent with the other
findings [22-24].

The correlation between the Apgar score of the 5Sth
minute of the baby and gestational age was observed in
Catlin E's study [25], which is consistent with the
findings of the present study. Birth weight has been
proposed as a factor influencing gestational age, and
gestational age, Apgar score, and birth weight of the
baby are interrelated factors. Increasing gestational age
as an independent factor can significantly impact the
baby's Apgar score, but since gestational age also has a
positive effect on the baby's weight, it can be a
confounding factor [22, 24].

Furthermore, the Apgar score of newborns can be
influenced by the method of delivery, whether it is
vaginal or cesarean. However, based on the statistical
analysis conducted in our study, there is no significant
difference observed in the Apgar scores between these
two delivery categories. These findings are consistent
with the results of Catlin E's study, which also examined
the relationship between Apgar scores and gestational
age [25]. Moreover, our study suggests that birth weight
may play a role in influencing gestational age, and all
three factors - gestational age, Apgar score, and birth
weight - are interconnected. It is worth noting that
increasing gestational age, as an independent factor, can
have a significant impact on the baby's Apgar score.
However, since gestational age also has a positive effect
on the baby's weight, it can potentially act as a
confounding factor. The search results provide
additional information on the association between
Apgar scores, delivery mode, and gestational age, as well
as the impact of maternal and fetal factors on birth
outcomes [22,26-28].

The study found that the average pH of the umbilical
cord in different gestational age groups was normal and
did not show any significant difference (p-value =
0.328), which is consistent with the findings of some
previous studies [22, 29]. Additionally, umbilical cord
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pH was not found to have a significant relationship with
mode of delivery [29, 30]. Furthermore, umbilical cord
pH was not found to have a significant relationship with
other variables such as the mother's age, baby's gender,
and season of birth [25, 28,29, 31, 32].

Limitations

This study was conducted within a single hospital, which
may limit the generalizability of the findings to other
settings or populations. Additionally, while the study
included a random sample of patients admitted during
the specified period, it did not control for potential
confounding factors such as socioeconomic status,
access to prenatal care, or environmental influences,
which could impact the results. Future studies should
consider a larger, more diverse population across
multiple sites to validate these findings further and
explore additional variables that may affect preterm
birth outcomes.

CONCLUSION

The prevalence of preterm birth does not show a
significant relationship with the seasons. The present
study confirms the direct relationship between
gestational age and birth weight of babies. However, the
arterial pH of the umbilical cord is not affected by
variables such as gestational age, type of delivery, and the
baby's gender. This study emphasizes the need for
further research to wunderstand the potential
environmental causes of preterm birth and the role of
seasonality in this complex clinical syndrome.
Identifying and addressing modifiable risk factors could
help reduce the global burden of preterm birth and

improve outcomes for affected infants and their families.

ACKNOWLEDGEMENTS

The authors express gratitude to Taleghani Medical
Education Center at Shahid Beheshti University of
Medical Sciences for Graduate Studies and all research
participants.

ETHICAL CONSIDERATION
This study is based on the doctoral thesis of Aram Jafari,
which has been approved by the ethics committee of
Shahid Beheshti University of Medical Sciences
(IR.SBMU.MSP.REC.1398.920).

FUNDING
This study is based on the student thesis and was not
funded by any institution.

AUTHOR CONTRIBUTION
Authors had equal contribution to designing study,
collecting data, revising the initial draft, and approving

the final draft.

CONEFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

1. WuY, Ye H, Yuan Y, Kong C, Jing W, Liu J, et al. Association
between season of conception, month of conception with
preterm birth in China: a population-based retrospective
cohort study. Reprod Health. 2023;20(1):88. doi:
10.1186/512978-023-01636-6 pmid: 37312160

2. Nelson DB, Spong CY. Seasonality Associated With Preterm
Birth-Are We Borrowing From Our Children? JAMA Netw
Open. 2022;5(2):e2145808. doi:
10.1001/jamanetworkopen.2021.45808 pmid: 35113167

3. Behrman RE, Butler AS. Mortality and acute complications in
preterm infants. Preterm birth: causes, consequences, and
prevention: National Academies Press (US); 2007.

4. Kim JJ, Axelrad DA, Dockins C. Preterm birth and economic
benefits of reduced maternal exposure to fine particulate
matter. Environ Res. 2019;170:178-86. doi:
10.1016/j.envres.2018.12.013 pmid: 30583127

S. Kim JJ, Axelrad DA, Dockins C. NCEE Working Paper. 2018.

6. Chen C, Zhang JW, Xia HW, Zhang HX, Betran AP, Zhang L,
et al. Preterm Birth in China Between 201S and 2016. Am J
Public  Health.  2019;109(11):1597-604. doi:
10.2105/AJPH.2019.305287 pmid: 31536409

7. Yu X, He C, Wang Y, Kang L, Miao L, Chen J, et al. Preterm
neonatal mortality in China during 2009-2018: A retrospective
study. PLoS  One.  2021;16(12):e0260611.  doi:
10.1371/journal.pone.0260611 pmid: 34879099

8. Smith J. Temperature measurement and thermoregulation in
the term and preterm infant: James Cook University; 2012.
9. Crump C. An overview of adult health outcomes after preterm

birth. Early Hum Dev. 2020;150:105187.  doi:
10.1016/j.earlhumdev.2020.105187 pmid: 32948365

10.  Calvert C, Brockway MM, Zoega H, Miller JE, Been JV,
Amegah AK, et al. Changes in preterm birth and stillbirth
during COVID-19 lockdowns in 26 countries. Nat Hum
Behav. 2023;7(4):529-44. doi: 10.1038/s41562-023-01522-y
pmid: 36849590

11.  Viereck E. Influence of cold on host-parasite interactions1963.

12.  Bodnar LM, Simhan HN. The prevalence of preterm birth and
season of conception. Paediatr Perinat Epidemiol
2008;22(6):538-45. doi: 10.1111/j.1365-3016.2008.00971.x
pmid: 19000291

13.  LeeSJ, Steer PJ, Filippi V. Seasonal patterns and preterm birth:
a systematic review of the literature and an analysis in a
London-based cohort. BJOG. 2006;113(11):1280-8. doi:
10.1111/j.1471-0528.2006.01055.x pmid: 17120349

14.  Weinberg CR, Shi M, DeRoo LA, Basso O, Skjaerven R. Season
and preterm birth in Norway: A cautionary tale. Int J
Epidemiol. 2015;44(3):1068-78. doi: 10.1093/ije/dyv100
pmid: 26045507

1S.  Konte JM, Creasy RK, Laros RK, Jr. California North Coast
Preterm Birth Prevention project. Obstet Gynecol.
1988;71(5):727-30. pmid: 3282191

16.  Hort KP. Seasonal variation of birthweight in Bangladesh. Ann
Trop Paediatr. 1987;7(1):66-71. doi:
10.1080/02724936.1987.11748476 pmid: 2439008

17.  Heo S, Fong KC, Bell ML. Risk of particulate matter on birth
outcomes in relation to maternal socio-economic factors: a
systematic review. Environ Res Lett. 2019;14(12). doi:
10.1088/1748-9326/ab4cd0 pmid: 34108997

18.  He]R, LiuY, Xia XY, Ma WJ, Lin HL, Kan HD, et al. Ambient
Temperature and the Risk of Preterm Birth in Guangzhou,
China (2001-2011). Environ  Health Perspect.
2016;124(7):1100-6. doi: 10.1289/ehp.1509778 pmid:
26672059

19.  Chersich MF, Pham MD, Areal A, Haghighi MM, Manyuchi A,
Swift CP, et al. Associations between high temperatures in
pregnancy and risk of preterm birth, low birth weight, and
stillbirths: ~ systematic review and meta-analysis. BMJ.
2020;371:m3811. doi: 10.1136/bmj.m3811 pmid: 33148618

Copyright ©2024 The Author(s); Published by Advances in Nursing and Midwifery. This is an open access article, distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/) which permits others to copy and
redistribute material just in noncommercial usages, provided the original work is properly cited.


http://dx.doi.org/10.1186/s12978-023-01636-6
http://dx.doi.org/10.1186/s12978-023-01636-6
http://ncbi.nlm.nih.gov/pubmed/37312160
http://dx.doi.org/10.1001/jamanetworkopen.2021.45808
http://dx.doi.org/10.1001/jamanetworkopen.2021.45808
http://ncbi.nlm.nih.gov/pubmed/35113167
http://dx.doi.org/10.1016/j.envres.2018.12.013
http://dx.doi.org/10.1016/j.envres.2018.12.013
http://ncbi.nlm.nih.gov/pubmed/30583127
http://dx.doi.org/10.2105/AJPH.2019.305287
http://dx.doi.org/10.2105/AJPH.2019.305287
http://ncbi.nlm.nih.gov/pubmed/31536409
http://dx.doi.org/10.1371/journal.pone.0260611
http://dx.doi.org/10.1371/journal.pone.0260611
http://ncbi.nlm.nih.gov/pubmed/34879099
http://dx.doi.org/10.1016/j.earlhumdev.2020.105187
http://dx.doi.org/10.1016/j.earlhumdev.2020.105187
http://ncbi.nlm.nih.gov/pubmed/32948365
http://dx.doi.org/10.1038/s41562-023-01522-y
http://ncbi.nlm.nih.gov/pubmed/36849590
http://dx.doi.org/10.1111/j.1365-3016.2008.00971.x
http://ncbi.nlm.nih.gov/pubmed/19000291
http://dx.doi.org/10.1111/j.1471-0528.2006.01055.x
http://dx.doi.org/10.1111/j.1471-0528.2006.01055.x
http://ncbi.nlm.nih.gov/pubmed/17120349
http://dx.doi.org/10.1093/ije/dyv100
http://ncbi.nlm.nih.gov/pubmed/26045507
http://ncbi.nlm.nih.gov/pubmed/3282191
http://dx.doi.org/10.1080/02724936.1987.11748476
http://dx.doi.org/10.1080/02724936.1987.11748476
http://ncbi.nlm.nih.gov/pubmed/2439008
http://dx.doi.org/10.1088/1748-9326/ab4cd0
http://dx.doi.org/10.1088/1748-9326/ab4cd0
http://ncbi.nlm.nih.gov/pubmed/34108997
http://dx.doi.org/10.1289/ehp.1509778
http://ncbi.nlm.nih.gov/pubmed/26672059
http://ncbi.nlm.nih.gov/pubmed/26672059
http://dx.doi.org/10.1136/bmj.m3811
http://ncbi.nlm.nih.gov/pubmed/33148618

Darvish et al.

Adv Nurs Midwifery

20.

21.

22.

23.

24.

25.

26.

Syed S, O'Sullivan TL, Phillips KP. Extreme Heat and
Pregnancy Outcomes: A Scoping Review of the
Epidemiological Evidence. Int J Environ Res Public Health.
2022;19(4). doi: 10.3390/ijerph19042412 pmid: 35206601
Bekkar B, Pacheco S, Basu R, DeNicola N. Association of Air
Pollution and Heat Exposure With Preterm Birth, Low Birth
Weight, and Stillbirth in the US: A Systematic Review. JAMA
Netw Open. 2020;3(6):e208243. doi:
10.1001/jamanetworkopen.2020.8243 pmid: 32556259

Rahi E, Baneshi MR, Mirkamandar E, Haji Maghsoudi S,
Rastegari A. A Comparison between APGAR Scores and Birth
Weight in Infants of Addicted and Non-Addicted Mothers.
Addict Health. 2011;3(1-2):61-7. pmid: 24494118

Conti G, Hanson M, Inskip H, Crozier S, Cooper C, Godfrey
KM. Beyond Birthweight: The Origins of Human Capital.
SSRN Electronic Journal. 2020. doi: 10.2139/ssrn.3614244
Sole-Navais P, Flatley C, Steinthorsdottir V, Vaudel M,
Juodakis J, Chen J, et al. Genetic effects on the timing of
parturition and links to fetal birth weight. Yearbook of
Paediatric Endocrinology. 2023. doi: 10.1530/ey.20.12.3
Catlin EA, Carpenter MW, Brann BSt, Mayfield SR, Shaul PW,
Goldstein M, et al. The Apgar score revisited: influence of
gestational age. ] Pediatr. 1986;109(5):865-8. doi:
10.1016/50022-3476(86)80715-6 pmid: 3772665

Fajar JK, Andalas M, Harapan H. Comparison of Apgar scores
in breech presentations between vaginal and cesarean delivery.

27.

28.

29.

30.

31.

32.

Tzu  Chi  Med  J.  2017;29(1):249.  doi:
10.4103/tcmj.temj_S_ 17 pmid: 28757760

Mu Y, Li M, Zhu J, Wang Y, Xing A, Liu Z, et al. Apgar score
and neonatal mortality in China: an observational study from a
national surveillance system. BMC Pregnancy Childbirth.
2021;21(1):47. doi: 10.1186/512884-020-03533-3 pmid:
33430809

Shokrpour M, Reza PPS, Sharifi M, Kamali A. Prevalence of
Cesarean Section and Analysis of Neonatal Apgar Score and
the Mean Time of Second Phase of Labor in Pregnant Women.
Med Arch. 2019;73(6):399-403. doi:
10.5455/medarh.2019.73.399-403 pmid: 32082008

Higgins C. Umbilical-cord blood gas analysis. Acutecaretesting
org. 2014.

Wirds JW, Duyn AE, Geraerts SD, Preijer E, Van Diemen-
Steenvoorde JA, Van Leeuwen JH, et al. S100 protein content
of umbilical cord blood in healthy newborns in relation to
mode of delivery. Arch Dis Child Fetal Neonatal Ed.
2003;88(1):F67-9. doi: 10.1136/fn.88.1.f67 pmid: 12496231
Malin GL, Morris RK, Khan KS. Strength of association
between umbilical cord pH and perinatal and long term
outcomes: systematic review and meta-analysis. BMJ.
2010;340:c1471. doi: 10.1136/bmj.c1471 pmid: 20466789
Olofsson P. Umbilical cord pH, blood gases, and lactate at
birth: normal values, interpretation, and clinical utility. Am J
Obstet Gynecol. 2023;228(55):51222-540. doi:
10.1016/j.ajog.2022.07.001 pmid: 37164495

Copyright ©2024 The Author(s); Published by Advances in Nursing and Midwifery. This is an open access article, distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/) which permits others to copy and
redistribute material just in noncommercial usages, provided the original work is properly cited.

18


http://dx.doi.org/10.3390/ijerph19042412
http://ncbi.nlm.nih.gov/pubmed/35206601
http://dx.doi.org/10.1001/jamanetworkopen.2020.8243
http://dx.doi.org/10.1001/jamanetworkopen.2020.8243
http://ncbi.nlm.nih.gov/pubmed/32556259
http://ncbi.nlm.nih.gov/pubmed/24494118
http://dx.doi.org/10.2139/ssrn.3614244
http://dx.doi.org/10.1530/ey.20.12.3
http://dx.doi.org/10.1016/s0022-3476(86)80715-6
http://dx.doi.org/10.1016/s0022-3476(86)80715-6
http://ncbi.nlm.nih.gov/pubmed/3772665
http://dx.doi.org/10.4103/tcmj.tcmj_5_17
http://dx.doi.org/10.4103/tcmj.tcmj_5_17
http://ncbi.nlm.nih.gov/pubmed/28757760
http://dx.doi.org/10.1186/s12884-020-03533-3
http://ncbi.nlm.nih.gov/pubmed/33430809
http://ncbi.nlm.nih.gov/pubmed/33430809
http://dx.doi.org/10.5455/medarh.2019.73.399-403
http://dx.doi.org/10.5455/medarh.2019.73.399-403
http://ncbi.nlm.nih.gov/pubmed/32082008
http://dx.doi.org/10.1136/fn.88.1.f67
http://ncbi.nlm.nih.gov/pubmed/12496231
http://dx.doi.org/10.1136/bmj.c1471
http://ncbi.nlm.nih.gov/pubmed/20466789
http://dx.doi.org/10.1016/j.ajog.2022.07.001
http://dx.doi.org/10.1016/j.ajog.2022.07.001
http://ncbi.nlm.nih.gov/pubmed/37164495

