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Effect of relative humidity on preeclampsia
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Summary

Purpose of investigation: The authors aimed to determine the relationship between meteorological variables and hypertension in
pregnancy by using data from a national weather database. Materials and Methods. For this population-based observational study, the
database of the Korea National Health Insurance (KNHI) Claims of the Health Insurance Review and Assessment Service (HIRA) and
Korea Meteorological Administration was used. The 48,275 women with preeclampsia among 2,495,383 women who gave birth were
included. Monthly meteorological factors and preeclampsia prevalence for five years were statistically analyzed. Results: Among tem-
perature, relative humidity, sunlight duration, and rainfall, only relative humidity had a significant inverse correlation with the preeclamp-
sia prevalence (p < 0.001). The other meteorological factors were not associated with preeclampsia. Conclusion: Relative humidity
may be a significant factor for of the development of preeclampsia. Further monitoring of weather parameters during the entire preg-
nancy period may be the best method for verifying the present results in the development of preeclampsia.
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Introduction

Pregnancy-related hypertension is a major cause of ma-
ternal and fetal morbidity and mortality worldwide. Sea-
sonal variations have been definitively associated with
cardiovascular mortality [1]; likewise, clinicians have
suspected that seasonal variations influence the develop-
ment of preeclampsia. The results of prior studies have
been inconsistent, however, and cross-study comparisons
have been difficult owing to differences in the investi-
gated weather zones and variables such as temperature,
humidity, and sunlight intensity. Some studies showed
that in the Northern Hemisphere, preeclampsia at deliv-
ery was more prevalent in women who became pregnant
in summer (higher temperatures) and less prevalent in
women who became pregnant in winter (lower tempera-
tures). According to other studies, higher sunlight inten-
sity around the delivery time lowered preeclampsia
prevalence [2-5]. The results regarding the effect of hu-
midity have been even more varied across geographical
regions, early pregnancy or delivery seasons, and weather
zones [2, 4, 6-9]. To reliably determine the effect of sea-
sonality on hypertension in pregnancy, investigating
global weather variables in conjunction with large
amounts of population-based data would be reasonable.
Therefore, the authors aimed to determine the relation-
ship between meteorological data and hypertension in
pregnancy by using a national weather database.
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Materials and Methods

Data on preeclampsia from 2006 to 2010 were collected from
the Korea National Health Insurance (KNHI; Claims Database
of the Health Insurance Review and Assessment Service
[HIRA]). In South Korea, 97% of the population is obligated to
enroll in the KNHI program. Health insurance policies require
healthcare providers to allow HIRA to review the medical costs
incurred. The remaining 3% of the population is under the Med-
ical Aid Program. Thus, the HIRA database contains informa-
tion on all claims for approximately 50 million Koreans, and
nearly all disease-related information for the population can be
obtained from this centralized database. Exceptions include pro-
cedures that are not covered by insurance, such as cosmetic sur-
gery. Many epidemiological analyses that utilized this database
have been published. In accordance with the Act on the Protec-
tion of Personal Information Maintained by Public Agencies,
HIRA conceals individual identities when preparing claims data.
Studies using these data are therefore exempt from any institu-
tional review board review.

Diagnostic procedure codes of the International Classification
of Diseases, 10th Revision (ICD-10) were used to identify all
women who gave birth during the study period. The diagnostic
criteria for preeclampsia used in Korea are blood pressure >
140/90 mm Hg after 20 weeks’ gestation combined with protein-
uria (> 0.3 g/24 hours or > +1 in a urine dipstick; /CD-10 code
014).

Data on monthly averages of meteorological parameters, in-
cluding temperature (°C), sunshine duration (hours), relative hu-
midity (%), and rainfall (mm), were collected from the Korea
Meteorological Administration. The authors analyzed the monthly
prevalence rates of preeclampsia development and investigated
potential associations between the prevalence rate of preeclamp-
sia development and various meteorological factors by using an
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Figure 1. — Monthly variation in preeclampsia prevalence.

Table 1. — Multivariate regression analysis of the associ-
ation between preeclampsia prevalence and meteorologi-

cal factors.
Variable Estimate Standard fvalue p

error
Average temperature (°C) 0.489  0.39 1.25 0.215
Sunlight duration (hours)  -0.012  0.078 -0.22  0.83
Relative humidity (%) -1.33 0.47 -2.85  <0.001
Rainfall (mm) 0.033  0.018 1.85 0.069

autoregressive error model. Relative humidity was calculated with
the following equation [10]:
D = ey le*y, x 100%,

where @ is the relative humidity, ey, is the partial pressure of
water vapor (H,O), and e*, is the equilibrium pressure of water
vapor.

A two-sided p value < 0.05 was considered statistically signif-
icant. Statistical analyses were performed by using the SPSS ver-
sion 12.0 software.

Results

Over the 60-month period, 2,495,383 deliveries were
recorded and 48,275 women (1.93%) developed pre-
eclampsia. When the preeclampsia prevalence was ana-
lyzed across time, the mean monthly preeclampsia
prevalence over five years peaked in March and exhibited
a minimum in September (Figure 1). The low preeclamp-
sia prevalence in January was considered an outlier. The
mean temperature was highest in August (25.46°C) and
lowest in January (—0.34°C). The mean intensity of sun-
light was strongest in May (214.86 hours) and weakest in
December (150.02 hours). The mean relative humidity was
highest in July (81.2%) and lowest in April (60.02%; Fig-
ure 2). The mean rainfall was highest in July (368.98 mm)
and lowest in January (26.84 mm). Multivariate regression
analyses using the autoregressive error model showed that
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Figure 2. — Monthly variation in relative humidity.

only relative humidity was significantly and inversely as-
sociated with the prevalence of preeclampsia (p < 0.001),
whereas temperature, intensity of sunlight, and rainfall
showed no such associations (Table 1).

Discussion

The reported relationships between seasonal weather
variations and hypertension in pregnancy have been incon-
sistent among the geographical regions studied to date. In
this study, seasonal variations in preeclampsia in a temper-
ate zone were associated with relative humidity. Korea ex-
periences four distinct seasons, with winter, with its low
relative humidity, having the highest preeclampsia preva-
lence. As this is the largest nationwide population-based
study yet conducted using meteorological data, the authors
believe that it provides a definitive answer to the contro-
versy surrounding the seasonal variations in the occurrence
of preeclampsia. In particular, given that other studies did
not include all the four variables used in this study in their
statistical evaluations, the authors could reasonably assume
that the association they detected between relative humid-
ity and preeclampsia prevalence remains significant.

The present results on the association between lower rel-
ative humidity and higher incidence of preeclampsia are
consistent with those of some previous studies. A study
conducted in Kuwait included 28,262 deliveries and found
that pregnancy-induced hypertension at delivery time was
significantly associated with relative humidity [4]. Another
study also reported that lower humidity at the approximate
time of conception was associated with a higher incidence
of preeclampsia [2]. The consistent importance of relative
humidity in both prior studies as in the present study is in-
teresting.

The insignificant relationship between temperature and
preeclampsia in the present study is supported by another
carlier study. In 1995, Magann et al. showed that changes
in temperature at constant humidity did not affect the inci-
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dence of preeclampsia [11].

Some mechanisms to explain how humidity affects blood
pressure can be proposed. Humans reduce their body tem-
perature via perspiration, and high ambient humidity can
disturb this process [3]. Miyamoto et al. reported that re-
covery of core temperature after cooling was delayed in
women with preeclampsia [12]. This phenomenon was ex-
plained by a possible disturbance of the vasodilation
process and the properties of microcirculation in
preeclampsia. Therefore, it is understandable that relatively
low humidity can induce cardiovascular disturbance with
subsequent hypertension.

Considering that relative humidity is inversely related to
sunlight exposure and temperature for a given dew point
[13], temperature, sunlight intensity, and rainfall may be
closely correlated with relative humidity in terms of con-
trolling blood pressure, even though the associations with
these parameters were not statistically significant in the
present study. In particular, autonomic neurotransmitters,
hormones, and infections related to temperature variations,
as well as vitamin D level, immunomodulation, and level of
melatonin related to light intensity changes, could theoret-
ically be involved in the pathophysiological mechanism of
preeclampsia [14-22].

One factor that should be considered when interpreting
the present data is the time of data collection. The present
data describe the prevalence of preeclampsia at delivery.
The possibility of differential effects of weather factors on
hypertension according to gestational age has been sug-
gested [5]. Sunlight exposure during the conception month
was associated with increased rates of pregnancy-related
hypertension, whereas sunlight exposure at delivery re-
duced pregnancy-related hypertension. Given that the
pathophysiological mechanism of preeclampsia may in-
clude poor placentation in early pregnancy and consider-
ing the potential seasonal differences between conception
and delivery months, generalizing the present authors’ con-
clusion to all women with preeclampsia would be difficult.
Hereafter, a study using meteorological data at the time of
conception is needed for a more-complete evaluation.

The present conclusions may have clinical implications.
In particular, physicians could use the information this
study provides on the potential effect of humidity on hy-
pertension in pregnancy for counseling and management
of pregnant women at high risk of preeclampsia.

Nonetheless, the present study had some limitations.
First, the patients’ demographic data were not considered.
Access to individual information was limited because the
data were collected from national databases (KNHI Claims
Database of the HIRA Service and the database of the
Korea Meteorological Administration) with identifying in-
formation removed. Analyses accounting for confounding
variables such as patient age, parity, body mass index, ges-
tational age at delivery, history of smoking and alcohol con-
sumption, and multifetal pregnancy would result in more

reliable conclusions regarding the relationship between hu-
midity and preeclampsia. Second, although the present
study analyzed what the authors considered as the four
most important weather parameters (temperature, humid-
ity, rainfall, and sunlight intensity), other meteorological
factors such as latitude, altitude, aspect, sea proximity,
ocean currents, air pressure, and wind may also be impor-
tant effectors of blood pressure.

Future studies monitoring these specified global weather
parameters during the entire pregnancy period may be the
best approach to verify the present results and fully reveal
the role of meteorological factors, including humidity, in
the development of preeclampsia.

Conclusion

Based on the present data, unlike other meteorological
factors, relative humidity may be a significant factor of the
development of preeclampsia.
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