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Abstract:

Sunlight exposure during pregnancy could be implicated in the physiological development and growth of the fetus, as well as
long-term health after birth. Although several studies suggest the involvement of ultraviolet radiation-mediated vitamin D syn-
thesis, current knowledge regarding the effects of sunlight exposure during pregnancy remains limited. We aimed to (i) summa-
rize the existing body of research studying the influence of sunlight exposure on fetal growth-related birth outcomes and long-
term health outcomes and (ii) determine its implications for therapeutics and public health policy. Of the studies identified on
birth outcomes, the majority (5/8) demonstrated an association between sunlight exposure and reduced adverse birth outcomes
(e.g., low birth weight, preterm births, small for gestational age, etc.), 2/8 studies showed no association, and 1/8 suggested a neg-
ative association between sunlight exposure and reduction of these adverse birth outcomes. Of the studies examining long-term
health outcomes, sunlight exposure during pregnancy was shown to promote skeletal growth and development (2/6), and reduce
the incidence of multiple sclerosis (2/6), asthma (2/6) and pneumonia (1/6). However, several of these studies used different
methodologies and populations making it difficult to compare and integrate findings. Based on these results, we examined: the
importance of exposure at different stages of pregnancy, proposed mechanisms by which sunlight exposure could lead to optimal
outcomes, epidemiological differences influencing the findings, and necessary practical considerations prior to the implemen-

tation of public health policy recommendations. While these findings are promising, more rigorous research is warranted to

support these recommendations.

Introduction

Sunlight consists of infrared, visible, and ultraviolet (UV)
radiation and plays a critical role in regulating normal
physiological functions, including vitamin D production and
synthesis of hormones such as serotonin in the brain [1,2];
however, little is understood about its effects during pregnan-
cy on offspring. Exposure to environmental stressors during
critical periods of growth and development of the offspring
could have severe consequences on its short- and long-term
health [3], suggesting that differences in level of exposure

to sunlight during pregnancy could considerably impact
immediate and long-term outcomes. This is highly relevant
in both developing regions with abundant sunlight exposure,
as well as in regions, such as Canada, where greater seasonal
differences result in a lower amount of exposure to sunlight
for several months of the year.

Overexposure to UV rays during pregnancy is
associated with increased adverse risks in mothers including
skin damage and cancers [4]. At the same time, exposure to
UV is essential for chemical reactions involved in conversion

pathways of cholesterol to vitamin D for several functional
roles; these include calcium and phosphate homeostasis, in-
sulin metabolism, bone growth, and remodeling, cell growth
mediation and promotion of immune function [2]. Pregnant
women are increasingly more susceptible to vitamin D defi-
ciency [5], suggesting there is a greater demand for vitamin D
in the body during pregnancy. Maternal vitamin D deficiency
during pregnancy is associated with unfavourable outcomes
including low gestational birth weight (BW), stillbirths,
preterm birth, vitamin D deficiency, hypocalcemia, and
childhood obesity [6-8]. Low BW (<2500 g), stillbirth, and
preterm births are birth outcomes indicative of fetal growth
restrictions, while vitamin D deficiency, hypocalcemia, and
chronic health outcomes suggest long-term consequences of
this deficiency in later development. These outcomes sug-
gest a threshold amount of UV exposure may be critical for
healthy offspring development.

Although no international or national guidelines
exist about the amount of UV or sunlight exposure preg-
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nant women should have, the World Health Organization’s
INTERSUN Programme developed in 1992 remains one of
the first international standards to include UV exposure as

a health consideration [9]. However, it is limited and only
provides general recommendations to the public to prevent
adverse health risks of UV exposure. Clinical trials suggest
vitamin D supplementation is ineffective in reducing long-
term risks in offspring associated with maternal vitamin D
deficiency [10]. Moreover, using supplementation could have
availability, cost-effectiveness, and ethical (vegetarian or veg-
an diets) issues. As production of vitamin D depends primar-
ily on exposure to sunlight [11], there might be therapeutic
value in considering effects of UV exposure during pregnan-
cy on offspring outcomes.

The objective of this commentary was to review
current knowledge to inform policies and considerations for
pregnant women living in Canada and regions with lower ex-
posure to UV. This article aimed to (i) examine existing liter-
ature on the effects of sunlight exposure during pregnancy on
immediate neonatal and long-term health outcomes, and (ii)
formulate considerations for therapeutics and public health
policy based on current evidence. We searched databases in-
cluding PubMed/MEDLINE, EMBASE and Google Scholar,
and no time, setting, or language restrictions were imposed
on the search strategy. Primary research articles such as case
studies, systematic reviews and meta-analyses, were included.
Studies concerning maternal outcomes and animal studies
were excluded. We hypothesize that low sunlight exposure
during pregnancy is associated with adverse fetal growth-re-
lated birth outcomes and long-term disease outcomes. As a
result, we anticipate a public health benefit in implementing
regional health policy recommendations.

UV exposure and fetal growth-related birth
outcomes

Several studies around the world have considered indicators of
fetal development such as BW, preterm births and gestational
size, which are common metrics for fetal growth. In a New
Zealand study by Tustin et al. looking at seasonal variations
over a 5-year period, exposure to bright sunlight during the
first trimester was confirmed to increase BW [12]. Anoth-

er New Zealand study determined prenatal seasonal peak
exposures to sunlight was associated with increased BW and
heights [13]. Both of these studies used a robust methodology
in measuring meteorological data, based on intensity and du-
ration of exposures specific to maternal residence, and adjust-
ing for behavioral factors, such as smoking during pregnancy.
A longitudinal study in Norway suggested UV-induced ma-
ternal vitamin D during pregnancy is essential for improved
BW outcomes by determining increased vitamin D deficiency
prevalence in pregnant women living in northern latitudes
with lower exposure to sunlight [14]. Although pregnancies
during darker seasons were associated with poorer outcomes
in this study, this study is limited as there were no other
exposure measurements. More recently however, Zhang and

colleagues confirmed this trend in the first study of its kind in
China, determining prenatal sunlight exposure was associated
with healthy BW and reduced incidence of small for gesta-
tional age infants [15]. In particular, this study demonstrated
prenatal exposure to increasing levels of sunlight exposure in
the second trimester of pregnancy was most strongly associat-
ed with these positive fetal growth outcomes.

In contrast, a cross-sectional study in America con-
ducted by Thayer determined that average annual UV index
positively correlated with low BW [16]. However, the analysis
revealed both racial differences and income disparities had
a strong association with differences observed with low BW
outcomes, suggesting these factors are effect modifiers (i.e.,
lower income families generally had low BW outcomes inde-
pendent of UV exposure). The association between preterm
birth rates and the average annual UV index were correlated
revealing a greater incidence of preterm births with increasing
exposures. However, a strong association with poverty factors
was also seen. This association was similar to BW trends ob-
served in this study, which utilized the same method of data
collection, suggesting it had similar limitations.

Other studies suggested no association between sun-
light exposure and BW outcomes in newborn infants [17-19].
Pereira et al. considered the odds ratio of small for gestational
age (BW<10™ centile for gestational week) and proportion of
optimal BW in 140,000 births in Western Australia [15], while
Elter et al. compared individual BW to mean BW for 3,333
births in Turkey; both studies observed no significant effects
[17]. In both studies, sunlight hours were used as exposure
measures and statistical analysis adjusted for meteorological
and pregnancy-related variables. A recent study examined
vitamin D intake through sunlight and neonatal outcomes
including BW in an African population in Ghana [19], using
structured questionnaires for exposure assessment. This study
reported no difference when recorded sunlight exposure was
compared to gestational age and Apgar scores, which are used
as a measure of the infants’ general health status and respon-
siveness immediately at birth [19]. As year-round sunlight
duration and intensities are consistently high in Ghana [20],
homogeneity of exposures in this particular ethnic group or
region could explain the lack of difference. While UV expo-
sure appears to be independent of these outcomes, the utiliza-
tion of self-reports for exposure measurements could increase
the risk of subjective reporting bias and is a limitation of this
study.

UV exposure and long-term conditions and
disease outcomes

When compared to birth outcomes associated with UV ex-
posure, literature considering long-term outcomes of UV ex-
posure during pregnancy is more limited. Despite this, there
have been several original studies that examine association
between UV radiation and the incidence of multiple sclerosis
(MS) in offspring. In the longitudinal study conducted in
1,524 participants identified from an Australian birth regis-
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tration database, lower exposures to ambient UV during the
first trimester of pregnancy was associated with an increased
risk of MS in offspring [21]. The authors suggested vitamin
D may be implicated in genetic mechanisms, which increase
interactions with a locus determining susceptibility to MS.
This was also considered by Vio Streym and colleagues, who
used the national register database to analyze birth co-

horts in Denmark to identify associations between seasonal
exposures and long-term conditions including MS, type 1
diabetes, cancer, schizophrenia, ischemic heart disease and
pneumonia [22]. The findings of this study demonstrated that
incidence of MS and pneumonia in young subjects depended
on their season of birth, suggesting low sunlight exposure in
the winter months resulted in low maternal vitamin D levels
during pregnancy.

Moreover, Wernerfelt et al. performed both a
cross-sectional and a retrospective cohort study in the
United States, examining the effects of sunlight exposure
during pregnancy and the probability of asthma incidence
in the offspring [23]. In the first cross-sectional study, data
was collected from 264,701 individuals who responded to
the 1997-2008 National Health Interview Survey regard-
ing self-reported asthma condition, year of birth, region of
residence and was associated with hours of sunlight expo-
sure based on historical meteorological data obtained from
weather stations. Although this study used surveys subjecting
the data to reporter bias, it enabled the measurement of key
behavioral data such as smoking, time spent outside, etc. The
second retrospective cohort study created birth month-re-
gion-year cohorts and evaluated them using national hospital
discharge data to determine asthma status, while sunlight
exposure data was obtained from a national database. Both
studies accordantly demonstrated that maternal exposure to
sunlight, notably in the second trimester of pregnancy, lowers
the risk for the development of asthma later in life.

Additionally, one prospective cohort study conduct-
ed by Sayers and Tobias suggests UV exposure is implicated
in skeletal development during childhood [24]. This study ex-
amined 6,995 children in a Finnish cohort after UV exposure
in the third trimester of pregnancy, based on meteorological
monitoring data, and demonstrated a positive relationship
with bone mass and size in later childhood. These findings
suggest vitamin D levels during pregnancy have direct effects
on fetal periosteal bone formation. In the study performed by
Waldie and colleagues, follow-up was performed on infants of
the maternal birth cohorts at regular intervals until the age of
26 and it was similarly determined that the prenatal duration
of exposure to sunlight differentially influenced participant
stature depending on age. However, it is notable that none of
these studies made adjustments for environmental, genetic,
or social factors in their analysis and this may have an impact
on the validity of these results.

Considerations by stages of pregnancy

According to the developmental origins of health and disease
hypothesis [3], environmental conditions during fetal devel-
opment ultimately determine the health and burden of disease
in the later stages of life. The majority of the evidence con-
sidered thus far suggests UV exposure is critical for different
windows of vulnerability throughout fetal development. The
first trimester is when the formation of the nervous system
occurs [25]. It is possible that UV exposure interventions
could be utilized in order to reduce risk of developing diseas-
es or long-term conditions, such as MS, in later childhood or
adulthood.

Additionally, reported associations between timing of
exposures and positive birth outcomes, suggest these inter-
ventions could be useful in the second and third trimester.
The second trimester marks the beginning of lung develop-
ment and production of surfactant [26]. The findings made
in the studies conducted by Wernerfelt et al. suggest sunlight
exposure during the second trimester could lead to a reduced
risk of developing asthma in later life [23]. This is conceivable
as surfactant dysfunction is a risk factor for chronic airway
inflammation, a signature of asthma. Similarly, interventions
in the third trimester maybe essential to lowering the risk of
pneumonia [22], as it is the stage when key developmental
events for normal lung development occur. Larger BW out-
comes could also suggest UV-induced vitamin D is implicated
in normal fetal growth. There were also effects described in
the third trimester [24], when skeletal development is occur-
ring in the fetus and the presence of UV-induced maternal vi-
tamin D could be required. By determining these time points,
it may be possible to target sunlight exposures, particularly in
mothers whose gestation overlaps with months where there is
a lower exposure to sunlight.

Considerations by mechanism

With exposure to sunlight, UV radiation-induced maternal
vitamin D synthesis was not the only possible mechanism
for fetal changes. Tustin et al. suggested sunlight exposure
early in gestation increased levels of insulin-like growth factor
(IGF)-1, a hormone involved in bone and tissue develop-
ment, to facilitate fetal growth [12]. Furthermore, Waldie et
al. speculated maternal melatonin production was inhibited
by sunlight, resulting in increased levels of growth hormone
(GH), a hormone similar to IGF-1 involved in growth and
metabolism, which could also progress fetal growth [13].
These proposals may suggest the involvement of a pathway
associated with melatonin production, which is critical in
regulating circadian rhythm and sleep-wake cycle signaling,
in fetal growth and development. This melatonin-dependent
pathway may be independent or interact with vitamin D to
increase GH/IGF-1 production.

Zhang et al. proposes the involvement of a UV radi-
ation-dependent vitamin B9 depletion pathway [15]. Vitamin
B9 consists of different forms including folate and folic acid,
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which are critical for cell growth. Not only has it been shown
that UV radiation can lower concentrations of folate in the
bloodstream, it is well established that folic acid deficiency
during pregnancy leads to neural tube defects and resulting
adverse birth outcomes [27,28].

Although it is yet to be investigated, it is important to
consider another mechanism of action might involve UV and
sunlight-induced production of maternal serotonin. Serotonin
is a neurotransmitter and hormone known to be involved in
fetal brain development; several studies suggest the use of
serotonin reuptake inhibitors during pregnancy to be linked
with an increased incidence of autism spectrum disorder after
birth [29,30]. Moreover, in conditions like seasonal affective
disorder, seasonal changes, including lower amounts of sun-
light and cold weather, could deplete levels of serotonin in the
brain leading to depression and other psychological effects.
Maternal depression is a known risk factor for detrimental
socio-emotional and cognitive development of children and
depression in adulthood [31,32]. It is therefore possible for
birth outcomes to depend on the action of sunlight and/or
UV exposure to act on any or a number of these pathways.
Future studies exploring these pathways are warranted to gain
more insights for the development of alternative therapeutic
strategies during pregnancy, especially for women living in
regions where access to sunlight is limited.

Epidemiological considerations

Epidemiological factors such as environment, time, and
demographics must also be considered. While most of the
original studies have been performed in industrialized coun-
tries in both the Northern and Southern Hemispheres, we
determined that the numbers of studies performed in devel-
oping regions of the world on UV exposure are vastly limit-
ed, and to date, no studies have investigated the association
between sunlight exposure during pregnancy and offspring
outcomes in Canada. Meteorological differences in Northern
continents can affect levels of exposure received, when com-
pared to Southern latitude countries. In fact, Canadian cities,
such as Iqaluit, have average hours of sunlight reach lows of
0.4 hours per day as well as an average UV index of 0 in the
winter months [33]. There are also racial, socioeconomic, and
geographical differences, as observed by Thayer et al. [16]. In
this study, in addition to higher birth outcomes in those living
in the North versus the South, there was a lower incidence
of low BW and prematurity observed for non-Hispanic black
women compared to non-Hispanic Caucasian women. Ngueta
et al. hypothesize that these outcomes may not directly be
linked to racial differences but rely instead on the closely
associated maternal fat mass [34]. According to this hypoth-
esis, there is a lower bioavailability of vitamin D due to its
lipophilicity, which causes it to be trapped in fat masses and
unable to act to prevent adverse birth outcomes.

Nonetheless, these individual-level differences are
particularly important in multicultural and diverse coun-
tries such as Canada, where policymakers must take into

consideration social determinants of health. Moreover, with
varying exposures to sunlight in different regions coupled
with differing methodologies to measure exposure effects in
settings with a range of resource availabilities, it becomes dif-
ficult to make inferences about UV exposure without intricate
epidemiological analysis. With genetic differences between
ethnicities, individual behavioral differences, and distinctive
exposure responses and capacities, another layer of complexi-
ty is added and must be accounted for when designing public
health policies and recommendations. This also suggests in-
terventions must be more personalized rather than assuming
a “one-size fits all” strategy.

Practical considerations for policy
implementation

Before policy implementation, further clinical trials compar-
ing UV exposure to vitamin D supplementation for pregnant
women with vitamin D deficiency are imperative. Though
limited in terms of regional representation and consistent
methodology, current literature suggests a therapeutic benefit
in implementing health recommendation guidelines for sun-
light exposure during pregnancy. Moreover, existing evidence
suggests the level of benefit depends on various genetic, envi-
ronmental, and behavioral factors. As a result, it is necessary
for policy recommendations to be developed after consulta-
tion with an interdisciplinary collaborative of atmospheric
science experts, healthcare professionals, medical scientists,
public health officials and policymakers. Due to geographical
variations in sunlight exposure, recommendations should be
designed at the provincial or regional level considering for the
intensity, duration, and other anticipated meteorological fac-
tors. Existing regional policies on environmental exposures,
such as the 2006 British Columbia Reproductive Care Pro-
gram Guideline for Tobacco Use in the Perinatal Period [35],
which provides recommendations as the current standard for
prevention and management of tobacco use and second-hand
smoke exposure during pregnancy, can be used as a guide in
developing novel recommendations for sunlight exposure.

Conclusions

Though scarce, the majority of available evidence suggests low
sunlight exposure is associated with adverse fetal growth-re-
lated birth outcomes and long-term health outcomes. One
study showed a conflicting association between sunlight ex-
posures and birth outcomes, while two other studies demon-
strated none. Exposure was implicated in long-term health
outcomes including skeletal system development and reduc-
ing the incidence of MS, pneumonia and asthma after birth.
This work has summarized and evaluated the main findings of
the current body of evidence, identifying key limitations and
implications to inform considerations for public health policy.
In particular, we recognized limitations of comparing findings
obtained through diverse methodologies and variable factors
(i.e., geography, racial differences, inherent genetic variations,
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outcomes. Studies identified using the search strategy presented in this review are displayed. Abbreviations: UV, Ultraviolet radia-

Table 1 | Summary of existing literature on the effects of ultraviolet exposure on fetal growth-related, neonatal and long-term
tion; IGF-1, insulin-like growth factor; GH, growth hormone; MS, multiple sclerosis.
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Table 1 (continued)| Summary of existing literature on the ef-
fects of ultraviolet exposure on fetal growth-related, neonatal
and long-term outcomes.
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socioeconomic factors, etc.) in these studies. We have also
incorporated considerations based on current understanding
of exposure effect at different stages in pregnancy, different
mechanisms of action, epidemiological factors, and practical
considerations prior to policy implementation. Nevertheless,
more research is necessary and future avenues should exam-
ine a way to quantify the threshold level of healthy exposure,
personalized therapeutics to account for the effectiveness of
sunlight exposure per individual, and therapeutic interven-
tions through non-UV-vitamin D mechanisms.
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