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Abstract

Background: Although the effects of meteorological factors on the general 
population health are widely documented, little is known about their influence on 
human pregnancy and birth. The present study aims at analyzing the influence of the 
atmospheric conditions on premature births. 

Method: One hundred and eight nine cases of premature births were included 
in the study, with a gestational age between 24 to 37 weeks of amenorrhea. Cases with 
antepartum fetal death and those with uncertain gestational age have been excluded. 
Daily weather data were obtained using http://www.wunderground.com site.

A Pearson’s product-moment correlation was run to assess the relationship 
between weekly preterm birth incidence and the total number of premature births and 
the mean maximum and minimum temperature (Tmax, Tmin), maximum and minimum 
average humidity (Umax, Umin), maximum and minimum atmospheric pressure mean 
(P max, P min), average wind speed and average quantity precipitations, calculated 
for one calendar week.

Results: Approximately 7.7% of all births during the study period occurred 
before 37 weeks of gestation, the main reason for hospitalization being premature 
rupture of membranes (45%). The analysis revealed a moderate positive correlation 
between weekly preterm birth incidence and the average temperature (r=0.306, n=52, 
p=0.027) and a moderate positive correlation between weekly preterm birth incidence 
and temperature variation (r=0.307, n=52, p=0.007). Our study found no significant 
statistic correlation between the humidity variation, pressure variation, and wind 
speed.

Conclusions: The incidence of premature births can be influenced by 
variations of specific weather factors, especially during the weeks characterized by 
large fluctuations in temperature. The results obtained might inspire the construction 
of multicenter studies to investigate more thoroughly the adverse effects of some 
meteorological factors that can influence the outcomes of human pregnancy.
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Introduction
Preterm birth (PB) is defined as one that occurs 

between 20 and 37 weeks of gestation [1]. It represents the 
leading cause of neonatal mortality and also a major global 
public health issue [2].

Although we can identify the majority of risk 
factors, the pathophysiological pathways of preterm birth 
still remains unresolved, this fact being supported by the 
growing number of PB registered in recent years [3].

Furthermore, surviving infants present an increased 
long term risk of impaired neurodevelopment, metabolic 
syndrome or hypertension, representing an important 
current issue of care cost, family and society burdens [4].

In the last decades, an increased interest has beenis 
observed concerning the influence of environmental factors 
on the general population health [5]. 

Due to their limited ability to maintain temperature 
balance [6], pregnant women could be affected by weather 
and environmental factors, therefore the meteorological 
changes may influence the birth outcomes [7].

Recent studies associate the short-term exposure to 
extremely high [7] or low temperature with an increased 
risk of preterm birth [6].  Seasonal patterns of preterm birth 
have been shown to differ from country to country. 

Higher incidence of preterm birth was noticed 
during the winter in the northern latitudes countries such 
as England [8] or Sweden [6], while during spring and 
summer, the peak was registered in the countries towards 
southern latitudes such as Greece or Japan [9,10], thus 
suggesting a possible involvement in the PB etiology of 
factors that are different between geographic locations, 
such as the temperature [7].

The objective of the present study was to analyze on a 
weekly basis, the possible correlation between the incidence 
of preterm birth and several meteorological parameters, in 
an attempt to identify if the weather has a relevant impact 
on preterm birth in the region of Transylvania, Romania.

To our knowledge, this is the first study to explore 
the effects of atmospheric conditions on the incidence of 
premature births in the temperate climate of Romania.

Material and methods 
Study population 
A retrospective study was performed. All preterm 

birth (PB) recorded in the 1st Obstetrics and Gynecology 
Clinic of Cluj-Napoca, Romania (n=138 cases) between 
1.01.2014 and 31.12.2014 were included in the study. All 
the patients were residents of Cluj-Napoca, a city from the 
northwest region of Romania.

Preterm delivery was considered as a birth before 
37 completed weeks of gestation, having the gestational 
age confirmed by early ultrasound examination during 
the first trimester of pregnancy. Patients with an uncertain 
gestational age (lack of first trimester ultrasound) or 
antepartum fetal death were excluded. The study protocol 

was approved by the local ethics committee.
Environmental data
The Transylvanian Plateau is an area of 26,675 

square km, representing about 11.25% of Romanian 
territory. As it is surrounded by the Carpathian mountain 
chain the region presents a temperate climate, with oceanic 
influences, due to a large opening in the North-Western 
part, which ensures the circulation of air masses from the 
Western and North-Western part of the continent [11,12].

The expansion of the surrounding mountains leads to 
differences in altitude of some hundred meters, which leads 
to Foehn effects in the neighboring plateaus and hills and 
manifest as a sudden rise in temperature at the beginning of 
spring, rapid snow melt and intense winds [13]. 

As a rule, the relief with altitudes between 350 and 
550-800 m ensures a relative uniformity regarding the 
expansion of the values of climate elements. The mean 
temperature per year ranges from 8° to 11°, lower in the 
Eastern part. The mean temperature in summer is between 
18° and 21°, whereas the mean temperature in winter lies 
between -3° and -5°. Yearly the region has between 500-
700 mm rainfall, mainly during May - June, the least 
during the cold season. The relative humidity is 70-75%, 
higher (>80%) during the winter months, and lower during 
summer, 65-70% [14,15]. 

Statistical analysis
Daily weather data for the year 2014 were obtained 

using http://www.wunderground.com [16]. For every week 
the following parameters were recorded: average weekly 
temperature and its variation, average weekly humidity and 
its weekly variation, average weekly atmospheric pressure 
and its weekly variation, average weekly wind speed and 
average weekly precipitation quantity. The weekly variation 
of a parameter is defined as the difference between the 
minimal and maximal values during a certain week.  	

The statistical analysis was performed with the SPSS 
software package 17.0®. For correlation analysis Pearson 
correlation and bivariate regression were used. The number 
of PB was considered as the dependent variables and the 
meteorological factors were the independent variables. A 
value was considered significant in case of p < 0.05.

Results
A total number of 1803 births were recorded in 2014 

in 1st Clinic of Obstetrics and Gynecology Cluj-Napoca; 
138 (7.65%) having occurred before 37 weeks of gestation 
(WG) resulting in 161 premature infants and totalizing 
2493 days of hospitalization. 

The characteristics of the study population are 
presented in Table I. 

The median gestation age at admission was 33 
weeks, ranging between 24 and 36 weeks. The average birth 
weight was 2103g, with a minimal value of 490 g and a 
maximal value of 3400g. Premature rupture of membranes 
(PROM) was reported in 70 cases (50.35%) being a major 
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risk factor for prematurity in our hospital.  
The monthly incidence of PB in 2014 and the 

monthly meteorological parameters are described in 
Table II. In the present study the frequency of premature 
delivery was significantly higher in May, June and July, 
46% of all PB cases being reported in these months. The 
highest absolute value was recorded in July (17.99%). The 
maximum number of preterm births recorded in a week was 
represented by 10 PB noted in the third week of July. From 
the total number of weeks, in 7 weeks (not consecutively) 
no preterm birth was reported. 

Our study did not show any statistically significant 
correlation between the PB and humidity variation, pressure 
variation, wind speed or precipitation as demonstrated in 
Table III.

When analyzing the temperature characteristics of 
2014 a mean maximum temperature of 16°C and mean 
minimum temperature of 6°C were recorded, not different 
from the usual mean temperature per year of the region. 
The maximum temperature value of 35°C was observed in 
August and the minimum temperature value of -18°C in 
December.

The preterm births more frequently occurred during 
weeks with the biggest temperature differences.

A Pearson’s product-moment correlation was run 
to assess the relationship between weekly preterm birth 

Table I. Clinical characteristics of the study population.

Table II. Monthly frequency of the preterm birth and the 
meteorological parameters in Cluj-Napoca 2014.

incidence and the meteorological parameters defined in the 
Method section Table III.

The analysis revealed a moderate positive correlation 
between weekly preterm birth incidence and Temp_avg, 
r=0.306, n=52, p=0.027 and a moderate positive correlation 
between weekly preterm birth incidence and Temp_var, 
r=0.307, n=52, p=0.007.

If the ascending trend of the Temp_avg and Temp_
var is maintained, the linear regression model (p<0.027, 
respectively p<0.007) between PB and Temp_avg and 
Temp_var can explain 9.4 to 13.8 % of the preterm births 
in one week with similar meteorological characteristic. 

The number of preterm births in a week can 
be predicted with the regression equation of PB= 
1,636+.091(Tem_Avg) or PB= 0.720+0.073 (Tem_var) 
“Figure 1” and ”Figure  2”.

Table III. Pearson’s product-moment correlation between weekly preterm birth frequency and main meteorological parameters.
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Figure 1. Linear regression between the number of preterm birth and the average temperature.

Figure 2. Linear regression between the number of preterm birth and temperature variation.
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Discussion
The effect of meteorological factors on preterm 

birth incidence is an important topic of global interest and 
has been previously approached in several recent studies 
[6]. Seasonal weather changes are known to have an 
important effect on the overall human morbidity especially 
for the infectious and cardiovascular diseases [17], but the 
influence that it may have on the pregnancy outcomes is 
still a topic of debate [18].  

The present study, conducted in a region characterized 
by a temperate climate, has identified correlations between 
PB incidence and temperature variation, findings that can 
apply to others geographic regions with similar weather 
conditions. 

High temperature variations during a week were 
found to be associated with an increased risk of preterm 
birth, in agreement with other published studies [8].

In the era of “big data” weather information 
can be integrated to explain some aspects of premature 
births incidence and in creating specific patterns to each 
geographic area.

Although larger studies will be needed to support 
the pattern, the research had a homogenous medical 
context, sustained by protocols of prevention and treatment 
of preterm birth used in our hospital during the period 
under review.

Using the existing methods of weather forecast, 
these patterns can be used to anticipate the risk of a growing 
number of premature births on the following week that 
may require a special management of the resources in the 
Obstetrics and Neonatology services, thus having clinical 
and financial benefits.

The information obtained reinforces the idea that 
meteorological factors variation should be considered when 
calculating the risk score for preterm birth, depending on 
the geographic region.

Specific variation in the behavior of the 
meteorological factors may constitute a partial explanation 
for the different incidence of PB in the world, together with 
the quality of care, social and economic factors and race 
[4].

Available evidence sustains the relationships 
between weather changes or seasonality and hypertensive 
disorders of pregnancy [19], pregnancy length and birth 
weight. The review highlights a higher incidence of the 
premature birth and lower birth weight during the months 
of summer and winter, or associated with heat wave [4]. 

In a large study conducted in Japan, the monthly 
average temperature influence on the rates of preterm births 
was determined to be inversely correlated (R = −0.424, 
p = 0.003) in the winter and positively correlated in the 
summer (R=0.549, p<0.001) [10]. Another study conducted 
in Israel, determined that preterm birth rates increased as 
monthly average maximum temperature increased [19].

The influence of temperature during the four weeks 
preceding birth was examined in an Australian study of 
101,870 births, which reported a positive association with 
preterm birth between 28 and 36 gestational weeks [6,20]. 

Also, pregnancy length seems to be more influenced 
by meteorological changes that occurred during certain 
gestational weeks. For example, exposure to extreme high 
temperature between 20 and 34 weeks of gestation were 
associated with a higher risk of premature birth then an 
exposure during 35-36 weeks of gestation [21].

Studies from Europe that focused on the relationship 
between preterm birth and temperature in the last week 
preceding delivery, were conducted in Germany [22] 
and England [8], and reported no correlation of the two 
parameters.

Short-term association between PB and temperature 
variation, also approached in the present study, was 
considered to provide valid evidence, since this type of 
association cannot be explained by socioeconomically 
differentiated patterns [23].

Seasonal patterns in birth outcomes revealed in 
studies conducted in developing countries are due more to 
changes in nutrition habits, different infectious diseases, 
seasonal work or air pollution [24,25].

Also, chronic stress due to a relatively constrain of 
the outdoor activities in the hot summer weather of June 
and August was associated with very low birth weight [26].

The biological mechanisms that could elucidate the 
influence of temperature on preterm birth are unclear. One 
possible hypothesis argues that dehydration caused by heat 
exposure, could decrease uterine blood flow and increase 
pituitary secretion of antidiuretic hormone and oxytocin 
that can induce labor [27]. 

Also, high temperature may increase blood viscosity 
and cholesterol levels, other known risk factors for preterm 
birth [27].

Furthermore, animal studies demonstrated that heat 
exposure may increase the secretion of proinflammatory 
cytokines and oxytocin to induce labor [28].

Heat stress also leads to the release of heat-shock 
pro¬teins (HSPs), including HSP-70, in humans, and 
increased levels of HSP-70 has been linked to preterm birth 
[28].

On the other hand, extreme cold was shown to 
produce vasoconstriction and increase blood viscosity thus 
affecting pregnancy length [29,30].

Some shortcomings of our study may be the 
retrospective aspect, the short period of the study of one 
year and personal history of premature birth or local 
infections of the patients. Also, we took into consideration 
the date of birth not the date of conception, therefore the 
births included at the start and the end of the study were not 
taken in consideration. The solution to lower the magnitude 
of this bias would be future studies using larger cohorts for 
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longer periods of time [7].
In conclusion, our study strengthens the idea of a 

correlation between temperature changes and several birth 
complications.

Even in moderate climate areas, obstetricians should 
be aware of the influence that unstable weather may have 
on the pregnancy outcomes, especially in the spring and 
summer months. Due to the climate change, new research 
to estimate the effects of environmental exposures that can 
increase the risk of preterm birth can be of great future 
public health.
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