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A systematic review on the association of month and season
of birth with future anthropometric measures
Zeinab Hemati1,2, Mojtaba Keikha3, Roya Riahi2, Seyede Shahrbanoo Daniali2, Masoumeh Goudarzi2 and Roya Kelishadi2

BACKGROUND: Prenatal factors might have some health impacts later in life. This study aims to systematically review the current
literature on the association between season and month of birth with birth weight as well as with weight status in childhood.
METHODS: The search process was conducted in electronic databases, including papers published until April 2019 in ISI Web of
Science, PubMed, Scopus, and Google Scholar. The following search strategy was used with MeSH terms: (“Seasons”[Mesh]) AND
(“Obesity”[Mesh] OR “Pediatric Obesity”[Mesh] OR “Obesity, Abdominal”[Mesh] OR “Overweight”[Mesh] OR “Birth Weight”[Mesh] OR
“Body Height”[Mesh]). After the selection process, 50 papers were included in this systematic review.
RESULTS: This review showed that individuals who are born in cold season (winter month) have higher body mass index (BMI) and
weight in childhood. Birth in March was associated with lower weight and BMI in boys according to most studies. All studies, except
one of them, showed that season/month of birth was not associated with birth weight.
CONCLUSIONS: This systematic review confirms a relationship between season and month of birth with birth weight and body size
in childhood; however, the impact of confounding factors, for example, vitamin D status, should be considered in the underlying
pathway of this association.

Pediatric Research (2021) 89:31–45; https://doi.org/10.1038/s41390-020-0908-4

IMPACT:

● The results provide evidence for the effect of season and month of birth on body size in childhood.
● Our systematic review suggests that there is no pattern between birth weight and season/month of birth, and the occurrence

of low birth weight was more frequent among infants who were born in summer than others.
● Further research should focus on identifying the impact of confounding factors, for example, vitamin D status in the underlying

pathway of this association.
● There was response to the controversial findings about the effect of environment factors, such as season and month of birth,

and future anthropometric indices, such as obesity, weight, height, and birth weight.
● Obesity is a complex and multifactorial disorder; the findings of the current study would be useful in determining the

relationship pathway between the season and the month of birth with other underlying factors for childhood obesity.

INTRODUCTION
Childhood obesity is one of the most important global health
problems, and associated with several short- and long-term health
hazards, such as type 2 diabetes, hypertension, cardiovascular
diseases, and fatty liver disease.1 Although obesity is attributed to
the combination of a sedentary lifestyle and excess energy intake,
and biological factors, its predisposing factors are not well
understood. Childhood obesity is a public health problem even
in developing countries.2 The role of genetic factors has been
emphasized in family and twin studies,3,4 but it is not clear to what
extent individual susceptibility interacts with lifestyle and other
contextual factors in the development of overweight and obesity.5

The evidence is increasing and suggests that environmental
factors during early life may influence the development of
obesity.6–8

Season of birth is one type of natural experiment that can help
generate candidate environmental factors. Certain exposures tend
to fluctuate in a regular fashion within a year, while, at the group
level, other environmental and genetic factors remained relatively
stable.9 Season and month of birth provide direct support for the
“fetal origins of adult disease hypothesis” that intrauterine
exposures (independent of genetic effects) may have impacts
on health later in life.10,11 Evidence showed the effect of seasonal
variations in pre- and postnatal infant growth.12 One study
reported that infants born in summer had a higher risk of
high birth weight compared with those born in winter.13 The
results of a study in ∼500,000 participants in China showed
shorter leg lengths in individuals born in February–August, and
increased waist circumference (WC) in individuals born in
March–July.11
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Another study indicated that infants born in March and
September have a higher risk of obesity than infants born in
October and November.14 The effects of seasonality of birth on
body mass index (BMI) later in life have yielded inconclusive
results. In a Canadian study, winter is the peak season for adults’
BMI.5 In the British study, the first 6 months of the year,3 and in a
Chinese study spring and summer,7 are the peak season for adults’
BMI, but studies from Finland and the United Kingdom found no
seasonal variation in adult BMI.15 Therefore, the importance of
seasons and months of birth on pre- and postnatal BMI from other
studies has been controversial; the aim of this study is to
systematically review and summarize the scientific literature on
the associations between season/month of birth on birth weight
and body size later in life.

MATERIALS AND METHODS
This review was designed in accordance with the protocols of
systematic review and meta-analysis (PRISMA).

Search strategy
The search process was conducted in electronic databases,
including papers published until 24 April 2019 in ISI Web of
Science, PubMed, Scopus, and Google Scholar using the following
keywords: (seasons OR season OR seasonal OR “season of birth” OR
seasonality OR “month of birth” OR “month-of-birth” OR “birth
month” OR month) AND (obesity OR “body mass index” OR weight
OR “body weight” OR “overweight” OR “body size” OR adiposity
OR “body fatness” OR “BMI” OR fatness OR “body size” OR obese OR
“waist circumference” OR “adipose tissue” OR “waist-to-hip ratio” OR
“waist-to-height ratio” OR “waist to hip ratio” OR “waist to height
ratio” OR “waist–hip ratio” OR “waist hip ratio” OR height OR “leg
length” OR “birth weight”) AND (birth) and a combination of them.
All elements were searched using both controlled vocabulary

terms (Medical Subject Headings) and free-text words. The
following search strategy was used with MeSH terms: (“Seasons”[-
Mesh]) AND (“Obesity”[Mesh] OR “Pediatric Obesity”[Mesh] OR
“Obesity, Abdominal”[Mesh] OR “Overweight”[Mesh] OR “Birth
Weight”[Mesh] OR “Body Height”[Mesh]).

Hand searching. To increase the sensitivity and to select more
studies, the reference list of the published studies was checked
as well.

Inclusion and exclusion criteria
We included all cross-sectional, case–control, and longitudinal studies
on the relationship between season and month of birth with weight,
height, and obesity in children and adolescents and birth weight in
neonates. We did not consider any time or language limitation.
Limitations were applied to exclude conference papers,

editorials, letters, commentary, short survey, and note.

Data management
We used EndNote program for managing and handling extracted
references that were searched from databases. Duplicates were
removed and entered into a duplicate library.

Study selection strategy
In the systematic search, 20,717 unique references were identified
(Fig. 1). Of them, 20,125 were excluded on the basis of the title
and abstract. For the remaining 592 articles, the full text was
retrieved and critically reviewed. After the selection process, 50
papers were included in this systematic review.

Data collection process
Data extraction and abstraction and quality assessment
Two independent reviewers (Z.H. and M.K.) screened the titles and
abstracts of papers, which were identified by the literature search,

for their potential relevance, or assessed the full text for inclusion
in the review. In the case of disagreement, the discrepancy was
resolved in consultation with an expert investigator (R.K.).
The quality of the articles was evaluated using the

Newcastle–Ottawa Scale for cohort and cross-sectional studies.16

This quality scale contained three sections on which a maximum
of 9 points was given: the items patient selection (max. of 4
points), comparability (max. of 2 points), and outcome (max. of 3
points). The qualitative scores for each study are listed in Tables 1
and 2.

RESULTS
In this systematic review, we studied the association between
month and season of birth with weight, height, and obesity in
childen and adolescents, and we also considered the effect of
season or month of birth on birth weight in neonates. Different
outcomes such as birth weight, weight (weight Z-score), BMI,
overweight/obesity, and height (height Z-score) were studied.
Among all included studies, 13 studies provide information on
month of birth, 17 studies on season of birth, and 25 studies on
both season and month of birth and body size outcomes. The
study design and characteristics for all included studies according
to the outcome (body size or birth weight) are shown in Tables 1

Articles identified through electronic database
search (n = 44,304)

(PubMed; 6012; Scopus: 21,557; ISI: 15,804;
MeSH in Pubmed: 931)

Articles screened by title
and abstract (n = 20,717)

Excluded non-relevant
articles (n = 20,125)

Retrieved full text
(n = 592)

Articles identified through
reference checking (n = 0)

Full-text articles assessed
for eligibility (n = 592)

Excluded full texts (n = 542)

Studies included in the systematic review
(n = 50)

Removed duplicates
articles (n = 23,587)

Fig. 1 PRISMA Flow Diagram. Papers’ search and review flowchart
for selection of primary study.
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and 2. The association between month and season of birth with
weight, height, and obesity is shown in Table 1, and characteristics
of included studies on birth weight are presented in Table 2.
Included studies have been conducted in different countries

across the world.

Effects of season and month of birth on weight, overweight, and
obesity
In most studies, there was a significant relation between season/
month of birth and intended outcome, but in two studies, no
significant relationship was observed.14,17 According to most
studies, birth in the spring season (March) was associated with
higher weight and overweight/obesity in both sexes.3,7,18–21

However, several studies showed that those who were born in
cold season (winter month) had higher BMI and weight.5,22–25

Also, those born in March were associated with low weight and
BMI, especially in boys, according to most studies.14,18,23,26

According to the frequency of studies, the lowest weight and
BMI were observed among girls who were born in December
(Table 1; Supplementary Figs. S1 and S2).
Quality assessments of included studies were as follows:
The results of the quality assessment of the studies showed that

the articles were generally of good quality. Only 11% of articles
had scores of 4 and 5, and about 90% of papers received a score
>5. Overall, 43% of articles had a score >7.

Effects of season and month of birth on child’s height
Among all studies on height, in three studies, no significant
relationship between season/month of birth and height was
observed.27–29 The occurrence of short stature in those who were
born in cold seasons (winter) was more likely based on the
frequency of studies. However, a study by Krenz-Niedbala et al.30

showed that those who were born in cold season (born from
October to April) were taller than those who were born from May
to September. Also, studies by Henneberg and Louw22 and Puch
et al.31 reported that short stature was more frequent among hot
season-born individuals (Table 1 and Supplementary Figs. S3
and S4).

Effects of season and month of birth on birth weight
According to most studies, the occurrence of low birth weight was
more frequent among infants born in summer than others. No
pattern was observed for the association between high birth
weight and season/month of birth (Table 2; Supplementary
Figs. S5 and S6). Overall, only one study showed that season/
month of birth was not associated with birth weight.32

DISCUSSION
This systematic review evaluated the relationship between season
and month of birth on obesity, weight, and height and birth
weight. Several studies have assessed the effects of season and
month of birth on BMI categories. A study by Lv et al.7 on 487,529
Chinese men and women reported that month of birth was
independently associated with both BMI and WC. Birth months in
which subjects had higher measures of adiposity were
March–June for WC and March–July for BMI. The findings of this
study suggest that adults born in spring and early summer had
higher WC and BMI. A study in Hertfordshire, United Kingdom,
indicated that men born after winters using average temperatures
of December and January were more likely to have a higher BMI in
adult life.3 The Canadian study also reported seasonal effects on
obesity in adult life, and subjects born in winter/spring were more
likely to be morbidly obese (BMI ≥ 40 kg/m2).5 In another study,
the effects of season of birth on adult WC and BMI were shown.20

The season-of-birth pattern that has been most commonly
described is higher rates of obesity in individuals born in

winter–spring;18,33 however, different patterns in different age
cohorts have also been described.5 One study that was conducted
on Japanese school children (6–15 years) showed that, because of
the increase in the number of adipose tissues during the cold
conditions, birth weight and early exposure to cold conditions
have an association with obesity during adulthood.18

Another study in 1322 children at the age of 8 years (born in
1999 and examined in 2007) showed that the ultraviolet B–vitamin
D mechanism is responsible for the season-of-birth effect on later
body size.30 A previous study found adult obesity to be associated
with low vitamin D during the second or third trimester of
pregnancy.34 Another study showed that there was a significant
interaction of race by season of birth in the levels of weight gain in
early infancy, and there was no relationship between season of
birth and early infancy weight gain with sex, first-born status, birth
weight, study site, or initiation of breastfeeding.12 Other studies
from Finland and the United Kingdom found no interaction
between seasonal variation and adult BMI.14,32 It is possible that
the seasonality of birth in later BMI will emerge in adulthood and
is not present in childhood; however, no previous study examined
this. Only the Canadian study found no seasonal variation in BMI
among children aged 12–19 years.5 However, the study was cross-
sectional and did not include a follow-up of the children later
in life.
In the current study, we observed an association between

season and month of birth with infant height. The occurrence of
short stature in those who are born in cold seasons (winter) was
more likely based on the frequency of studies. In a study among
children aged 6–15 years in Tokushima, Japan, height gradually
decreases until March (from spring to winter) and then increases
from April, and reaches a peak in May or June; therefore, height
was influenced by variation in month and season of birth.18

A study by Krenz-Niedbala et al.,30 in Poland, among 1322
children aged 8 years showed that those who were born in cold
season (born in October–April) were taller than those in
May–September;30 also, studies by Puch et al.31 among 4672 girls
aged 5–18 years, and Henneberg and Louw22 among 1522 school
children aged 6–18 years in Africa, showed that short stature was
more frequent among individuals born in hot season. A study on
children born in May through October was found to be lighter
than those born in November through April. Another study on 562
girls and 546 boys in Bolivia demonstrated that children born
during February–May (the rainy season) were shorter, while
children born during the end of the dry season and the start of
the rainy season (August–November) were taller.23

Various mechanisms may explain these effects, including
changes in the force of gravity or electromagnetic field, global
factors (e.g., the total amount of energy reaching the earth acting
through ultraviolet-dependent production of vitamin D,
hemisphere-related climatic conditions) (e.g., solar radiation,
rainfall, hours of insolation, day length, and temperature), and
other environmental factors (e.g., physical activity or nutrition) or
cultural influences.10,31 On the other hand, exposure to sunlight
and in utero vitamin D exposure are the important mechanisms
that can have an effect on season of birth and child’s height. In the
present systematic review, we observed that there is no pattern
between birth weight and season/month of birth, and according
to most studies, the occurrence of low birth weight was more
frequent among infants who were born in summer than others.

Limitations of the study
Our review faces some limitations. Although controlled trials
support the role of maternal 25(OH) vitamin D as the causal
mechanism in the association of season of birth and birth
weight,35 controversial results are reported in other studies.36,37

Therefore, it is likely that additional mechanisms specific to certain
environments may also play a role, yet the physiological processes
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behind the resulting impact on birth weight remain unclear.
Vitamin D is important for bone development and may act as a
rate-limiting factor for growth. In accordance with the results of
the studies in the present systematic review, births in winter and
cold seasons may increase the risk of overweight and obesity in
individuals. Although there are prospective and longitudinal
(cohort) studies in the present systematic review, there are some
factors that may affect the relationship between season and
month of birth with birth weight and body size, such as air
temperature and climate change.38–40 Geographic differences,
latitudes, and ethnic differences, as well as the possible role of
confounding factors in the relationship between levels of sunlight
exposure and subsequent levels of vitamin D should also be taken
into account. Consequently, the exact determination of the
relationship between exposure and outcomes of this review
becomes difficult. In addition to the possible role of the above-
mentioned factors, it may also be necessary to consider the cohort
or even period effect to determine the relationship pathway
between season and month of birth and BMI.41–46 In spite of these
limitations, this review provides comprehensive information on
the association of season of birth with future weight status.

CONCLUSION
The results of the studies included in the present systematic
review showed that children who were born in cold seasons have
a higher BMI than those born in other seasons. However, given the
possible role of confounding factors in the relationship between
season and month of birth with birth weight and body size, we
suggest assessing vitamin D levels and other potential confound-
ing factors in future studies. The current findings should be
confirmed by future longitudinal studies.

Effects of season and month of birth on weight, overweight, and
obesity
This review showed that individuals who are born in cold season
(winter month) have higher BMI and weight in childhood.

Effects of season and month of birth on child’s height
We observed the relationship between season and month of birth
with infant height. The occurrence of short stature in those who
are born in cold seasons (winter) was more likely based on many
studies.

Effects of season and month of birth on birth weight
All studies, except one of them, showed that season/month of
birth was not associated with birth weight.
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