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easonal variation in pregnancy hypertension
s correlated with sunlight intensity
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BJECTIVE: To examine seasonality of pregnancy hypertension rates,
nd whether they related to sunlight levels around conception.

TUDY DESIGN: Data were obtained for 424,732 singleton pregnan-
ies conceived from 2001 through 2005 in Australia. We analyzed
onthly rates of pregnancy hypertension and preeclampsia in relation

o monthly solar radiation.

ESULTS: Pregnancy hypertension rates, by month of conception,
ere lowest in autumn (7.3%) and highest in spring (8.9%). Higher sun-

ight intensity before delivery, but not around conception, was associ-
010;203:215.e1-5.
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unlight around conception may correlate with decreased rates of early-
nset preeclampsia (r � �0.51; P � .09).

ONCLUSION: The correlation between sunlight after conception and
regnancy hypertension was opposite to that hypothesized; however,
unlight levels before delivery did correlate with lower hypertension
ates. For sunlight or ambient temperature to explain seasonal variation,
he plausible exposure window is the period before delivery, but this
ay not apply to early-onset preeclampsia.

ey words: preeclampsia, pregnancy hypertension, seasons,

ted with decreased pregnancy hypertension (r � �0.67). Increased sunlight, vitamin D

ite this article as: Algert CS, Roberts CL, Shand AW, et al. Seasonal variation in pregnancy hypertension is correlated with sunlight intensity. Am J Obstet Gynecol
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regnancy hypertension is a leading
cause of morbidity and mortality for

oth mother and infant.1 It includes a
pectrum of disorders characterized by
he de novo onset of hypertension after
0 weeks of gestation and ranging from
ypertension alone (gestational hyper-
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ension) through proteinuria and/or
ultiorgan dysfunction (preeclampsia)

o seizures (eclampsia).
Previous studies have looked at sea-

onality of preeclampsia but only a few
ave examined the broader category of
regnancy hypertension.2,3 Most studies
ave been based in a single hospital.2,4-7

n the few population-based or large
ulticenter studies, preeclampsia rates
ere reported to be lower for summer
irths3,8,9 and autumn conceptions.10

easonal variation is also known to affect
ardiovascular mortality rates in general
opulations and possible explanatory

actors that have been suggested include
unlight intensity (due to resultant vari-
tions in vitamin D levels) as well as tem-
erature and humidity.11 Concurrently,
here is interest in a possible role for vi-
amin D insufficiency in early pregnancy
s a risk factor for preeclampsia. One
tudy reported that low serum vitamin D
n early pregnancy was associated with
n increased risk of preeclampsia.12 An-
ther study reported a reduced risk of
reeclampsia with higher intake of vita-
in D supplements.13

We used a maternal population data-
ase, which can longitudinally link
omen’s antenatal records and delivery
rts of pregnancies l

SEPTEMBER 2010 Americ
y month of conception. Our purpose
as not just to quantify the monthly
ariation, but also to examine the impli-
ations of using conception, rather than
elivery, as the basis for calculating preg-
ancy hypertension rates. We hypothe-
ized that any seasonality in preeclamp-
ia and pregnancy hypertension rates
ould be related to variation in early
regnancy exposure to sunlight inten-
ity, as synthesis from sunlight is gener-
lly the source of 80-90% of vitamin D in
umans.14 We used Bureau of Meteorol-
gy data to look for any plausible corre-

ation between pregnancy hypertension
ates and sunlight levels in early preg-
ancy or in the period before delivery.

ATERIALS AND METHODS
ata on all women giving birth in hospi-

al (�99% of births) in New South Wales
NSW), Australia, were available from
nonymized linked population data-
ases. The Midwives Data Collection
MDC) is a legislated surveillance system
f all births in NSW. The Admitted Pa-
ient Data Collection (APDC) has dis-
harge summaries of all hospital admis-
ions (public and private) and includes
nternational Classification of Dis-
ase-10 (ICD-10) diagnostic codes re-

ated to the admission. A MDC delivery

an Journal of Obstetrics & Gynecology 215.e1
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ecord was linked to a hospital admis-
ion for 99.1% of births in the study pop-
lation. Multiple pregnancies were ex-
luded because of their unique risk
actors.

Date of conception for each pregnancy
as estimated by subtracting the gesta-

ional age from the date of birth, but
dding 2 weeks as an average for time
rom last menstrual period to concep-
ion. Gestational age is well reported on
he MDC (85% perfect agreement) and
nly 57 birth records (0.01%) in the
tudy population were missing a gesta-
ional age. The primary outcome of
regnancy hypertension (hypertension
�140 mm Hg systolic and/or �90 mm
g diastolic] arising after 20 weeks) in-

luded gestational hypertension (hyper-
ension alone), preeclampsia (hyperten-
ion with proteinuria and/or multiorgan
isease) and eclampsia (seizures),15 and
as determined by a diagnosis in any
ospital record (including antenatal ad-
issions) or by check-off box notifica-

ion on the MDC birth record. Superim-
osed preeclampsia (on preexisting
ypertension) was not included in either
utcome, as the cause may differ. Preg-
ancy hypertension ascertainment is
reatest when cases are identified from
ither data source and when the broader

FIGURE 1
Distribution of monthly pregnancy
rates, by month of conception, 200

regnancy hypertension includes MDC code OHY
lgert. Seasonality of hypertension. Am J Obstet Gynecol 201
ategory of pregnancy hypertension is b

15.e2 American Journal of Obstetrics & Gynecolo
sed (sensitivity 82%, positive predictive
alue 92% compared with clinical crite-
ia extracted from medical records).16 A
iagnosis of preeclampsia (including
clampsia) was only available from the
ospital discharge summaries and was a
econdary outcome. Because it has been
uggested that the pathology of early-on-
et preeclampsia may differ from late-
nset preeclampsia, we also examined
reeclampsia rates subdivided into 2 cat-
gories: early-onset (delivery by �34
eeks) and later-onset preeclampsia

delivery after 34 completed weeks).17

NSW is in the Southern Hemisphere
nd the seasons are reversed from the
orthern Hemisphere; winter occurs in

une-August and summer in December-
ebruary. The NSW population is geo-
raphically concentrated; 75% of the
opulation live in the coastal areas cen-
ered on Sydney, which lies at 34° lati-
ude (similar to Los Angeles in distance
rom the equator). Monthly means of
aily solar radiation as measured by the
ureau of Meterology’s Sydney airport

tation were used to represent the expo-
ure for the state’s maternal population
y month. Solar radiation (sunlight en-
rgy) is reported as a daily average in
nits of megajoules per square metre
MJ/m2) of land surface, available on the

ertension and preeclampsia
005

R.
ureau’s website (www.bom.gov.au). p

gy SEPTEMBER 2010
he daily solar radiation is affected by
loud cover as well as by sunlight inten-
ity and length of the day.

Rates of pregnancy hypertension and
reeclampsia were calculated for monthly
onception cohorts of singleton preg-
ancies. Estimated conception dates for

he study population ranged from Janu-
ry 2000 through December 2005. To in-
estigate the nature of any association
etween hypertension rates and solar ra-
iation levels, we calculated Pearson cor-
elation coefficients (r) for different sun-
ight exposure “windows”: month of
onception, 1 month before conception,
month after conception, etc. The cor-

elation coefficient has a value of zero if
here is no correlation, a value of �1.0 if
he exposure and outcome are perfectly
nd positively correlated and a value of
1.0 if perfectly and inversely corre-

ated. We also used least squares linear
egression to model the slopes of the as-
ociations between average solar radia-
ion for each month (for all 5 years) and
he hypertension outcomes.

ESULTS
here were 424,732 singleton pregnan-
ies included in the monthly conception
ohorts in the study period (January
001 to December 2005) that were deliv-
red at �20 weeks’ gestation. The mean
nnual pregnancy hypertension rates
nd preeclampsia rates were 8.2% and
.8%, respectively. The mean monthly
regnancy hypertension rate peaked at
.9% for conceptions in October (mid-
pring in the Southern Hemisphere);
hereas, mean monthly preeclampsia

ates were high for conceptions from Oc-
ober through February (spring and
ummer). The rate of pregnancy hyper-
ension was lowest for conceptions in

ay (autumn) at 7.3% and preeclampsia
as lowest for conceptions in May-July

late autumn to midwinter) at about
.6%. Figure 1 shows the distribution of
onthly rates of pregnancy hyperten-

ion and preeclampsia based on the
onth the pregnancy was conceived.
ost women who had pregnancy hyper-

ension diagnosed still delivered at term
�37 weeks): 88.3% of those with any
hyp
1-2

PE
0.
regnancy hypertension (relative risk

http://www.bom.gov.au
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RR] of preterm birth, 2.20; 95% confi-
ence interval [CI], 2.13–2.28) and
8.2% of those diagnosed with pre-
clampsia (RR of preterm birth, 4.12;
5% CI, 3.98 – 4.27).
As an alternative, pregnancy hyper-

ension rates were also calculated by
onth of delivery. This made little dif-

erence to the magnitude of seasonal
ariation, although the month of inci-
ence was necessarily offset by about 8
onths. Calculated by month of deliv-

ry, the peak pregnancy hypertension
ate was 8.9% (August/September-late
inter/early spring) and the nadir was
.4% (January/February-summer).
Among the preeclampsia cases, there
ere 1339 (0.32%) with early onset, and
0,571 (2.5%) with late onset. The pat-
ern of seasonality was different for
arly-onset preeclampsia: the lowest rate
as for pregnancies conceived in No-
ember/December (0.26%) and the
ighest rate was for pregnancies con-
eived in April (0.39%). For later-onset
reeclampsia, the seasonal pattern was
he same as for the overall rate: lowest
as for conceptions in May/June (2.2%)

nd highest October-February (2.6%).
There was correlation between preg-

ancy hypertension rates and solar radi-
tion, but the correlations around con-
eption were opposite in sign to what
as hypothesized. Pregnancy hyperten-

ion was strongly and positively corre-
ated (r � �0.67) with solar radiation at

month after conception. This signifies
hat an increased level of sunlight around
onception was associated with an in-
reased rate of pregnancy hypertension.
owever, solar radiation intensity at 7
onths after conception was inversely

orrelated (r � �0.67) with pregnancy
ypertension rates. That is, more intense
unlight in the period before delivery was
ssociated with lower levels of pregnancy
ypertension. The associations between
regnancy hypertension and ambient
emperature were similar, except that the
trongest correlation was with ambient
emperatures 8 months after conception
r � �0.69). Only early-onset pre-
clampsia appeared to be inversely cor-
elated with sunlight levels in early preg-
ancy (r � �0.51 for mean solar

adiation in the month after concep- y
ion), but this did not reach the level of
tatistical significance (P � .09).

The association between mean solar
adiation in the month after conception
nd the ensuing pregnancy hypertension
ate is illustrated in Figure 2, A, a plot of
ean monthly pregnancy hypertension

ates (averaged over the entire 5 years)
gainst monthly solar radiation levels (5-

FIGURE 2
Pregnancy hypertension rate

, Mean pregnancy hypertension rate (month of c
fter conception. B, Mean pregnancy hypertensio
adiation 7 months after conception.
lgert. Seasonality of hypertension. Am J Obstet Gynecol 201
ear averages). The positive slope shows F

SEPTEMBER 2010 Americ
hat increased sunlight in this exposure
indow was associated with increased

ates of hypertension. Figure 2, B shows
regnancy hypertension rates plotted
gainst mean monthly solar radiation 7
onths after conception. In this plot, in-

reased sunlight in the month or so pre-
eding delivery is associated with de-
reased rates of pregnancy hypertension.

eption cohorts) vs mean solar radiation 1 month
ate (month of conception cohorts) vs mean solar
onc
n r

0.
igure 3 shows the association between

an Journal of Obstetrics & Gynecology 215.e3
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ean monthly solar radiation 1 month
fter conception and mean monthly
ates of early-onset preeclampsia. There
s an inverse correlation between sun-
ight levels and early-onset preeclampsia
ut the slope of the association was not
tatistically significant (P � .09).

OMMENT
e found a definite seasonality to the

ate of pregnancy hypertension in our
tudy population. Seasonality existed
hether pregnancy hypertension rates
ere calculated based on cohorts by
onth of conception or month of deliv-

ry. Both increased sunlight and in-
reased ambient temperature in the
onth(s) before delivery were associ-

ted with decreased rates of pregnancy
ypertension; whereas, increased sun-

ight and temperature around concep-
ion were associated with increased rates
f pregnancy hypertension.
To make sense of this seasonality, it

eeds to be related to a plausible expo-
ure at some gestational period or peri-
ds in pregnancy. There are several po-
ential mechanisms that might explain
n association between increased sun-
ight intensity and reduced hypertension
ates. One is seasonal variation in vita-
in D levels, because synthesis from

unlight is the main source of vitamin
.14 Population levels of vitamin D are

ow from midwinter to early spring

FIGURE 3
Mean rate of early-onset preeclam
cohorts) vs mean solar radiation 1

lgert. Seasonality of hypertension. Am J Obstet Gynecol 201
July-October in the southern hemi- p

15.e4 American Journal of Obstetrics & Gynecolo
phere),18,19 and low levels of vitamin D
re associated with an increased risk of
ypertension.20 A second potential ex-
lanation could be that increased sun-

ight levels lead to decreased hyperten-
ion rates via the resultant increase in
mbient temperature. One study re-
orted that a 10°C increase in daily min-

mum outdoor temperature is associated
ith a 2.5 mm Hg drop in systolic blood
ressure (SBP) in pregnant women,21

erhaps due to temperature-related va-
odilation.22 A third possible explana-
ion is that ultraviolet radiation may
ave a direct effect on blood pressure.23

inally, seasonal infections could play a
art, as preeclampsia may be an excessive
aternal inflammatory response24 and

ould be exacerbated by respiratory tract
nfections that typically peak in winter.
ll of these explanations would be con-

istent with an inverse correlation be-
ween sunlight intensity and pregnancy
ypertension rates, and would point to
he relevant exposure period to explain
easonality being the month or months
efore delivery. As pregnancy hyperten-
ion may commonly initiate in early
regnancy, periods of more intense sun-

ight, or higher ambient temperature
ay moderate the progression of the dis-

rder, so that relatively fewer women are
iagnosed with hypertension, and fewer
ight progress to severe disease.
In contrast, there is less basis to sup-

a (month of conception
nth after conception
ort a hypothesis that increased levels of w

gy SEPTEMBER 2010
unlight could lead to increased rates of
ypertension. Melatonin is a potentially
lausible early pregnancy exposure be-
ause it is a scavenger of free radicals and
an reduce placental oxidative stress
hich has been associated with early-on-

et preeclampsia,25 and concentrations
f melatonin are lower in summer than

n winter. One study has reported that
evels of melatonin were lower in women
ith severe preeclampsia; however, this
as only statistically significant from
32 weeks’ gestation.26 An alternate ex-

lanation is that seasonal variation in
regnancy hypertension may be a
arker or correlate for some other early

regnancy factor not yet discovered.
Our results were inconclusive with re-

pect to early-onset preeclampsia as a sep-
rate outcome. Increased levels of sunlight
n the month after conception did corre-
ate with lower rates of early-onset pre-
clampsia but the slope estimated by linear
egression did not reach the level of statis-
ical significance (P � .09).

The seasonality of pregnancy hyper-
ension in our study population is gener-
lly consistent with previous population
tudies of preeclampsia. A Washington
tate study of preeclampsia rates based
n month of conception found a pattern
imilar to the results of this study:
reeclampsia rates were lowest for con-
eptions in late autumn/midwinter
northern hemisphere) and highest for
onceptions in spring/summer.10 A Nor-
egian population study of rates based
n month of delivery found that pre-
clampsia was lowest for deliveries in
uly and August and highest in Novem-
er and December,9 implying that con-
eptions in late autumn had the lowest
ate and conceptions in early spring had
he highest rate of preeclampsia. A Swed-
sh study of all nulliparas aged �35 years
lso reported that the preeclampsia rate
as lowest for summer deliveries.3

A limitation of this study is that the
easurement of sunlight exposure is at

he population level. As a surrogate for
ndividual vitamin D levels, ambient
emperature exposures or other environ-

ental factors would result in attenua-
ion of any estimated effect. However,
andom misclassification of exposure
psi
mo

0.
ould be unlikely to result in a reversal
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f the nature of the correlation between
unlight exposure and pregnancy hyper-
ension (from inversely proportional to
roportional). Time lag could affect the
orrelations, because both vitamin D
evels and ambient temperatures would
ag changes in sunlight intensity, but
here was no inverse correlation with so-
ar radiation in any of the first 3 months
fter conception. An advantage to using
onth-to-month variation as the basis

or comparison in our study is that most
otential confounders are controlled for.
ggregate population characteristics

uch as mean maternal age, parity, body
ass index, and proportion with dark

kin change relatively little from month
o month. Only factors which vary

onthly are left as the explanation for
ariations in pregnancy hypertension
ates. This does leave open the potential
or confounding by factors such as ma-
ernal population physical activity levels,
iet, and weight gain, which even in a
emperate climate such as in this study
an vary from month to month.

Another possible limitation is that case
scertainment is not complete, as the esti-
ated sensitivity for pregnancy hyperten-

ion is 82% and milder cases are less likely
o be reported in our databases.16 This
ould mean that our results are more rep-
esentative of the severe end of the preg-
ancy hypertension spectrum. In addition,

he imprecision inherent in estimates of
estational age would likely have led to
ome underestimation of the true degree
f correlation between monthly sunlight

ntensity and hypertension rates.
There was seasonality in pregnancy

ypertension rates, and fluctuations in
unlight intensity (and ambient temper-
ture) did correlate with variations in the
ates of both pregnancy hypertension
nd preeclampsia. The nature of the cor-
elation suggests that the most plausible
ypothesis for sunlight and ambient
emperature as sigificant exposure fac-
ors is in the period before delivery and
he plausible exposure window for mel-
tonin would be in early pregnancy. The
ssociation between sunlight around
onception and early-onset preeclamp-
ia may be inversely proportional and
ould be consistent with a hypothesis
hat early pregnancy sunlight exposure m
ould affect the risk of early-onset pre-
clampsia. Further research is required
o elucidate the underlying mechanisms
ehind seasonal variation in pregnancy
ypertension. An important goal for
uch research is to measure the levels of
actors such as vitamin D and melatonin at
ifferent stages in pregnancy and different
easons of the year, and analyze these in
elation to pregnancy outcomes. f
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