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ABSTRACT

objectives
To investigate the seasonal variation of hypertensive disorders of pregnancy (HDP) in South Australia.

Study design 

Retrospective population study including 107,846 liveborn singletons during 2007-2014 recorded in the 
South Australian Perinatal Statistics Collection. Seasonal trends in incidence of HDP in relation to estimated 
date of conception (eDoC) and date of birth (DoB) were examined using Fourier series analysis.

Main outcome measures

Seasonality of HDP in relation to eDoC and DoB.

Results 

During 2007-2014, the incidence of HDP was 7.1% (n = 7,612). Seasonal modeling showed a strong 
relationship between HDP and eDoC (p<0.001) and DoB (p<0.001). Unadjusted and adjusted models 
(adjusted for maternal age, body mass index, ethnicity, parity, type of health care, smoking and gestational 
diabetes mellitus) demonstrated the presence of a peak incidence (7.8%, 7.9% respectively) occurring 
among pregnancies with eDoC in late Spring (November) and a trough (6.4% and 6.3% respectively) among 
pregnancies with eDoC in late Autumn (May). Both unadjusted and adjusted seasonal modelling showed 
a peak in the incidence of HDP for pregnancies with DoB in August (8.0%, 8.1% respectively) and a nadir 
among pregnancies with eDoB in February (6.2%).

Conclusion 

The highest incidence of HDP was associated with pregnancies with eDoC during late spring and summer 
and birth in winter, while the lowest incidence of HDP was associated with pregnancies with eDoC during 
late autumn and early winter and birth in summer. Nutrient intake, in particular vitamin D, sunlight 
exposure and physical activity may affect maternal, fetal and placental adaptation to pregnancy and are 
potential contributors to the seasonal variation of HDP.
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Introduction

Hypertensive Disorders of Pregnancy (HDP), including gestational hypertension, preeclampsia and eclampsia, 
are common heterogeneous complications of pregnancy and important contributors to maternal and perinatal 
morbidity and mortality worldwide[1]. From 2007 to 2014, HDP affected 7.1% of the South Australian pregnant 
population[2]. The pathophysiology of HDP is not completely understood[1], but risk factors are primipaternity, 
multifetal gestation, chronic hypertension, family or personal history of preeclampsia, gestational diabetes 
mellitus (GDM) and thrombophilias[3]. Environmental factors are also likely to play a role in the pathogenesis 
of HDP[3].

Seasonal trends in incidence of HDP have been investigated in an effort to contribute to the knowledge of 
environmental risk factors for HDP. Seasonal variability of antenatal blood pressure[4] and HDP[5,6] have been 
studied with conflicting results. There is a great diversity in studies on seasonality of HDP and dissimilarities 
between study populations, regions of the world, climates, environmental exposures and statistical methods 
make it hard to interpret and harmonize results[5–7].

The aim of this South Australian study was to assess the seasonal variation in the prevalence of HDP for women 
in a large population birth registry according to estimated date of conception (eDoC) and date of birth (DoB) 
for each pregnancy.

Materials and methods 

This was a retrospective population study among all singleton live births of at least 400 g birth weight or 20 
weeks of gestation in women without pre-existing hypertension, with a known body mass index (BMI) in South 
Australia from 2007 to 2014. Data was sourced from the South Australian Perinatal Statistics Collection (SAPSC), 
maintained by the Pregnancy Outcome Unit (POU) of SA Health. The SAPSC collects information regarding the 
characteristics and outcome of all births in South Australia, notified by hospital and homebirth midwives and 
neonatal nurses using a Supplementary Birth Record (SBR). The majority of the South Australian population 
resides in the metropolitan area of Adelaide, the state capital. Adelaide is a coastal city at latitude 34° 55’ 
South with a temperate climate, with long hot dry summers (December, January, February) and short cold rainy 
winters (June, July, August).

Hypertensive disorders of pregnancy included all types of clinically reported hypertensive disorders of 
pregnancy, defined as blood pressure ≥140/90 on two occasions at least four hours apart, or ≥ 170/110 on one 
occasion ± proteinuria. The SAPSC does not record information on proteinuria, so preeclampsia reports could 
not be confirmed. The eDoC was DoB and gestational age at birth. Gestational age was determined by best 
obstetric estimation and based on the dating ultrasound (performed at 8-13 weeks’ gestation) supported by 
the first day of the last menstrual period or by review of other ultrasonography. The database does not indicate 
how gestational age was determined for individual women, but in the studied time period 98.5% of the women 
had an antenatal ultrasound.

Other studied variables included maternal age, body mass index (BMI), ethnicity, type of health care, civil status, 
parity, gravidity, and smoking at conception and in the second half of pregnancy. BMI was calculated before 20 
weeks’ gestation with the formula BMI = weight in kg / (height in m)2. Underweight was defined as <18.5 kg/m2, 
normal weight 18.5-24.9 kg/m2, overweight 25.0-29.9 kg/m2, obese 30.0-39.9 kg/m2 and morbidly obese >40.0 
kg/m2. BMI was recorded in the SAPSC since 2006 and was complete for 70.1% of cases between 2007 and 
2014. Ethnicity was divided in Caucasian, Aboriginal or Torres Strait Islander (ATSI), Asian and other. Medical 
and obstetric conditions studied were pre-existing diabetes mellitus, asthma and GDM. GDM was listed in the 
SAPSC when the clinician documented that the woman had GDM. All patients had a glucose challenge test at 
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28 weeks’. Patients with an abnormal glucose challenge test [≥ 7.8 mmol/L) underwent a glucose tolerance test 
(GTT); fasting glucose ≥ 5.5. mmol/l and/or 2 hour value ≥ 8 mmol/L were the cut-off values used to diagnose 
GDM over these 7 years]. Birth and fetal variables studied were fetal sex, birth weight in grams and gestation 
at birth. Term birth was defined as birth between 37-42 weeks of gestation. Early preterm birth (ePTB) was 
defined as birth before 34 weeks of gestation, and preterm birth (PTB) was defined as birth before 37 weeks 
of gestation. Small for gestational age (SGA) was defined as a neonate born with a birth weight below the 10th 

percentile of the expected birth weight for the Australian population[8].

Data analyses
Data analysis was performed with SPSS version 21.0 (SPSS inc, 2013). Differences were considered significant 
when the p-value was less than 0.05. Fisher’s exact test and chi square test were used to compare categorical 
variables.

Seasonality of HDP in relation to eDoC and DoB was initially investigated using an univariate regression analysis. 
The model was run with and without adjustment for potential confounders defined a priori (maternal age, BMI, 
ethnicity, parity, type of health care, tobacco use in second half of pregnancy and gestational diabetes using 
effects coding). The average of all months together was used as the reference in the model. Covariates were 
removed from the model via backward elimination if their inclusion was non-significant (p>0.05). Subsequently, 
multivariate logistic regression models were fit by specifying a full model with all available data on potential 
modifiers and confounding variables defined a priori (see above).

In the primary analysis, seasonal patterns in HDP were investigated using Fourier series methods (single cosinor 
analysis)[9]. Fourier series are considered to be the natural mathematic models for seasonality. Borrowing the 
following equation [10,11] to model the underlying seasonality of eDoC and DoB the first p pairs of term of the 
Fourier series was employed:

In this series θ
i is the point in the annual cycle that the ith day on which conception/birth occurred. Denoting 

the number of days between 1 January 1950 and the ith day of conception/birth as Di, we calculated this angle 
in radians thus: θi= 2π (Di mod 365.25)/365.25. Thus, seasonal effect of the eDoC and DoB on the binary 
pregnancy outcome is modelled by adding S(θi , p) to the linear predictor of a logistic regression model so that 
βi and γi become parameters in a simple linear model. In these data, the first pair of Fourier terms (F1 model: 
sine and cosine) was significant based on a likelihood ratio test (α =0.10), permitting their use in the model. 
Akaike information criterion was used to compare models for best fit.

Ethics

The existence of personal identifying information in the SAPSC was eliminated to ensure that confidentially of 
all patient records was maintained. The study protocol was approved by the Human Research Ethics Committee 
of the South Australian Department of Health [HREC/13/SAH/97].
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Results 
Incidence of HDP and study characteristics
Between 2007 and 2014, South Australia had 107,846 live, singleton births of a gestation 20-42 weeks and a 
birthweight ≥400 grams in women without pre-existing hypertension, with a known body mass index (BMI). 
The incidence of HDP was stable throughout the study period at 7.1% (n=7,612, p=0.890, Table I). 

Table I. Incidence of pregnancy hypertensive disorders in South Australia from 2007-2014.

             HDP, Hypertensive Disorders of Pregnancy

Compared to normotensive pregnancies, risk factors for HDP included maternal age <30 years or >40 years, 
BMI >30, nulliparity, Caucasian and ATSI descent, public patients, no fixed partner and a history of pre-existing 
diabetes or asthma. HDP was less common in women who smoked during their pregnancy and Asian women 
(Table II). HDP was associated with GDM, iatrogenic birth, ePTB, PTB and SGA babies.
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Table II. Characteristics of the study population

 * Analysis of 107,612 subjects (18,582 smoking vs. 89,030 non-smoking)
 ** Analysis of 107,719 subjects (12,488 smoking vs. 95,231 non-smoking) 
 *** SGA, Small-for-gestational age, 10th percentile of the expected birth weight for the Australian population.
 **** Early preterm birth, birth before 34 weeks of gestation
 ***** Preterm birth, birth before 37 weeks of gestation. 
 HDP, Hypertensive Disorders of Pregnancy; BMI, Body Mass Index; ATSI, Aboriginal or Torres Strait Islander.

Maternal age (in years)   < 

20

20-25

25-30

30-35

35-40

> 40

BMI

< 18.5 Underweight

18.5-25 Normal weight

25-30 Overweight

30-40 Obese

> 40 Morbid obese

Parity

Nulliparous

Multiparous

Ethnicity

Caucasian

ATSI

Asian

Other

Type of healthcare

Public patient

Private patient

Civil status

With stable partner

Without stable partner

Smoking

At time of conception*

Second half of pregnancy**

Medical complications

Pre-existing diabetes

Asthma

Fetal sex

Male

Female

Onset of labor

Spontaneous

Iatrogenic

Obstetric complication

GDM

SGA***

Early preterm birth****

Preterm birth***** 

 

416 

1,418 

2,358 

2,033 

1,091 

296 

 

89 

2,194 

2,118 

2,532 

679 

 

4,644 

2,968 

 

6,558 

236 

522 

296 

 

6,264 

1,348 

 

6,652 

960 

 

1,260 

733 

 

108 

773 

 

3,955

3,657

 

1,341

6,271

 

702

889

290

1,075

 

5.5

18.6

31.0

26.7

14.3

3.9

 

1.2

28.8

27.8

33.3

8.9

 

61.0

39.0

 

86.2

3.1

6.9

3.9

 

82.3

17.7

87.4

12.6

 

16.6

9.6

 

1.4

10.2

 

52.0

48.0

 

17.6

82.4

 

9.2

11.7

3.8

14.1

 

3,883 

15,849 

30,625 

31,164 

15,380 

3,333 

 

3,148 

47,905 

27,204 

18,652 

3,325 

 

42,178 

58,056 

 

80,910 

2,593 

11,518 

5,213 

 

79,478 

20,756 

89,533 

10,701 

 

17,322 

11,755 

 

592 

6,642 

 

51,472

48,762

 

55,853

44,381

 

6,795

8,065

1,127

5,583

3.9

15.8

30.6

31.1

15.3

3.3

 

3.1

47.8

27.1

18.6

3.3

 

42.1

57.9

 

80.7

2.6

11.5

5.2

 

79.3

20.7

89.3

10.7

 

17.3

11.7

 

0.6

6.6

 

51.4

48.6

 

55.7

44.3

 

6.8

8.0

1.1

5.6

 

4,299 

17,267 

32,983 

33,197 

16,471 

3,629 

 

3,237 

50,099 

29,322 

21,184 

4,004 

 

46,822 

61,024 

 

87,468 

2,829 

12,040 

5,509 

 

85,742 

22,104 

96,185 

11,661 

 

18,582 

12,488 

 

700 

7,415 

 

55,427

52,419

 

57,194

50,652

 

7,497

8,954

1,417

6,658

 

4.0

16.0

30.6

30.8

15.3

3.4

 

3.0

46.5

27.2

19.6

3.7

 

43.4

56.6

 

81.1

2.6

11.2

5.1

 

79.5

20.5

89.2

10.8

 

17.2

11.6

 

0.6

6.9

 

51.4

48.6

 

53.0

47.0

 

7.0

8.3

1.3

6.2

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.057

< 0.001

< 0.001

< 0.001

0.312

 

 

< 0.001

 

 

 

< 0.001

< 0.001

< 0.001

< 0.001

Characteristic n % n % n %

All births pNormotensiveHDP

  7,612    100,234   107,846 
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Seasonal variation of HDP
The highest incidence of HDP was observed among pregnancies with eDoC in November (7.90%) and the lowest 
in May (5.61%, Figure 1A). Unadjusted and adjusted Fourier modelling showed that HDP was significantly 
related to season of eDoC (p<0.001). Both unadjusted and adjusted seasonal modelling showed a peak in the 
incidence of HDP for pregnancies with eDoC in November (7.88% and 7.95% respectively) and a nadir in May 
(6.26% and 6.25%, respectively).

In addition, the highest incidence of HDP was observed among pregnancies with DoB in September (8.36%) and 
the lowest in February (6.04%, Figure 1B). Unadjusted and adjusted Fourier modelling showed that HDP was 
significantly related to season of DoB (p<0.001). Both unadjusted and adjusted seasonal modelling showed the 
peak in the incidence of HDP for pregnancies with DoB in August (7.96% and 8.08% respectively) and a nadir 
among pregnancies with eDoB in February (6.23% and 6.19%, respectively).

Unadjusted models showed a better fit when seasonality of HDP was assessed based on DoB [-2log likelihood: 
54967.090 (DoB) versus 54976.600 (eDoC)], and also adjusted models showed a better fit for seasonality of 
HDP based on DoB [-2log likelihood: 51978.032 (DoB) versus 54987.699 (eDoC).
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Figure 1. Fitted seasonality for Hypertensive Disorders of Pregnancy (HDP) by date of conception (A) and 
date of birth (B). The histograms represent the observed probability of HDP by estimated date of conception 
and date of birth (divided into calendar months). The dashed line represents the unadjusted Fourier fit for 
the incidence of HDP. The bold line represents the adjusted Fourier fit for the incidence of HDP by eDoC. The 
adjusted fit was adjusted for maternal age, BMI, ethnicity, parity, type of health care, tobacco use in second half 
of pregnancy and gestational diabetes mellitus.
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Discussion

Seasonality of HDP
The incidence of HDP in South Australia demonstrates a seasonal variation related to eDoC and DoB. The peak 
incidence of HDP was observed among pregnancies with an eDoC at the end of spring (November) and a DoB 
at the end of winter (August). The lowest incidence of HDP was seen among pregnancies with an eDoC during 
late autumn (May) and a DoB at the end of summer (February). Published data on seasonality of HDP is highly 
diverse and differences between study populations, regions of the world, climates, environmental exposures 
and statistical methods make it difficult to interpret and harmonize results[5–7]. Additionally, in small studies 
with low numbers of eclampsia and preeclampsia, misclassification could temper the seasonal effect. Studies 
from areas with a temperate climate with dry summers like the South Australian climate, similarly show 
seasonality of HDP [12–14].

Date of birth showed a better model
We identified a seasonal variation in HDP related to eDoC and DoB. Significant and adequate seasonal 
modelling of incidence of HDP in relation to both eDoC as DoB was shown but the ‘DoB model’ provided 
a better fit, the difference was however small. This is in contrast with a previous study observing that date 
of conception showed stronger correlation to the risk of preeclampsia than date of birth[15]. In our cohort 
the majority of the pregnancies complicated with HDP resulted in term birth (85.8%), representing late-onset 
HDP. In the study by Phillips et al. of primiparous women only, the majority of patients (63.4%) had preterm 
preeclampsia[15] representing early-onset HDP and a group of women with more severe disease compared to 
our study population. The pathogenesis of early onset and term preeclampsia are likely to be different[1,3].

Possible explanations
We found seasonal variation in the incidence of HDP after adjusting for maternal age, BMI, ethnicity, parity and 
type of health care, tobacco use in second half of pregnancy and gestational diabetes. Some of these known 
risk factors for HDP may alter the vascular and/or immune adaptation to pregnancy. However, they change 
relatively little between seasons and are not or barely modifiable, while seasonal variation of tobacco use[16] 
and gestational diabetes[17] have been described in the literature previously. This suggests that other factors 
may contribute to seasonality of HDP. 

Pregnancy is a physical stress-test. Most maternal organs must adapt and elevate their function to meet the 
demands of pregnancy. Many factors are involved to ensure appropriate adaptation. The etiology of HDP 
is still elusive, but it involves exposures that occur before HDP are clinically recognized. Pathophysiological 
mechanisms explaining (the seasonality of) HDP may have their origin prior to, early or late in pregnancy. HDP 
are thought to be caused by both vascular and immune maladaptation, two processes intimately associated 
with each other that lead to inflammation[3]. Vascular maladaptation associated with pre-pregnancy higher 
blood pressure, overweight/obesity leads to inflammation and endothelial cell dysfunction, while maternal-
paternal immune maladaptation may lead to poor spiral artery remodeling by the invading cytotrophoblasts, 
followed by inflammation and ischemia/reperfusion affecting the syncytiotrophoblast[3].

Vitamin D status is seasonal and may explain the seasonal variation in HDP. Vitamin D is involved in many 
physiological processes that regulate blood pressure and placentation. Firstly, vitamin D enhances dietary 
calcium absorption[18], which in turn has an inverse relationship with blood pressure and suppression of 
vascular smooth muscle cell proliferation[19]. Additionally, it has been suggested that vitamin D may be a 
potent endocrine suppressor of renin biosynthesis and thus regulates the renin-angiotensin system, which 



84

Seasonality of hypertensive disorders of pregnancy: 
a South Australian population study

4

plays a critical role in the regulation of blood pressure[19]. Thirdly, vitamin D may have an immune-modulatory 
effect by balancing T helper cells[20] and it promotes induction of T regulatory cells (Tregs)[21,22]. Tregs play 
a role in placentation and are essential for pregnancy success[21]. It is therefore plausible that vitamin D may 
contribute to placentation and the required maternal vascular adaptation to pregnancy.

Sunlight, specifically ultraviolet B radiation, is important for synthesis of vitamin D in the skin with diet and 
supplements also contributing[23,24]. The dietary intake of vitamin D in pregnancy has been shown to be 
highest in spring and lowest in autumn[25]. It is therefore not surprising that serum vitamin D levels show 
periodicity, with highest concentrations in summer and autumn and lowest in winter and spring[26]. In some 
populations, but not all, vitamin D deficiency is associated with pregnancy and birth outcomes, including HDP, 
GDM and SGA infants[27–31]. Low vitamin D levels in both early and late pregnancy have been associated 
with the development of preeclampsia[28–30], while a study of Irish and New Zealand women showed that 
preeclampsia has been associated with season, but not with vitamin D levels at 15 weeks’ gestation[31]. Results 
on the efficacy of vitamin D supplements for the prevention of preeclampsia of randomized controlled trials 
(RCTs) is equivocal and high quality RCTs are required[32,33]. 

However, other factors that vary by season may also contribute to the seasonal variation of HDP. The intake 
of other nutrients that have been associated with the development of HDP, including calcium[34], folate[35] 
and zinc[36], also have been shown to differ by season[25]. Interestingly, studies from areas with a distinct dry 
season in their climate show more consistent seasonality in HDP than those from areas without a distinct dry 
season. Meteorological factors, including ambient temperature, humidity, barometric pressure and sunlight 
exposure have been suggested to contribute to the periodicity of HDP[37]. Other risk factors for HDP with 
known periodicity are leisure-time physical activity[38,39], depression and anxiety[40,41] as well as illicit 
drug-use[42]. Unfortunately, due to the retrospective character of the present study, we lacked sufficient 
information to explore potential mechanisms explaining the seasonal variation in HDP we observed. Although 
the difference between eDoC and DoB models was small, the better fit with the DoB model may suggest that 
seasonality in particular late-onset HDP is a late gestation effect.

Strengths and limitations
A major strength of population-based studies, such as the current study, lies in the large number of cases 
(107,846 subjects) that we have analysed and the overall representation that these provide. Our study is limited 
by the available data. Some potential relevant factors were not collected during the study period. Data on BMI 
has been recorded since 2007 but is not complete for the studied years. Validation studies have shown that 
notifications of births in SA made by hospital and homebirth midwives and hospital neonatal nurses on the SBR 
were robust for the parameters studied[43]. The SAPSC records data on all births in South Australia, so the data 
herein for 107,846 births should be considered as a true representation of the South Australian population.

Conclusion
We identified a seasonal variation in HDP related to eDoC and DoB. We found that seasonal variation in HDP was 
more strongly related to DoB than to eDoC. The variation that we have observed may provide further insights 
into exposures that may be relevant for the pathophysiology of this heterogeneous syndrome. Exposure(s) early 
and late in pregnancy in relation to season and HDP deserve attention. These may include measuring nutrient 
levels (i.e. vitamin D, calcium, folate and zinc), monitoring meteorological factors (i.e. ambient temperature, 
humidity, barometric pressure and sunlight exposure) in pregnant women by season.
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