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Abstract
Objectives: Hypothermia is an established method of treating severe forms of perinatal hypoxia in newborns. Some of them develop neonatal 
encephalopathy, which is associated with high morbidity and mortality. Therefore, prophylaxis of this pathology is important as well as determin-
ing environmental factors in mothers of newborns affected by this pathology. The aim of the study was to assess of selected environmental factors 
in mothers of newborns qualified for hypothermia. Material and Methods: The material consisted of 102 subjects, including 51 mothers of new-
borns with hypoxic-ischemic encephalopathy referred for hypothermia treatment (group I) and 51 mothers of newborns without signs of hypoxia 
(group II). The case-control study was carried out in the third level reference centre. It is 1 of 20 centers of therapeutic hypothermia for newborn 
in Poland. Data was collected based on a data collection sheet. Study groups were compared in terms of demographic and environmental data. 
The odds ratio (OR) was determined and the logistic regression analysis of univariate and multivariate regression was used to determine the prob-
ability of the need for hypothermia in the study group. Results: The groups did not differ in terms of age, BMI and place of living. The need to use 
hypothermia increased in pregnant women living together with their parents (OR = 6.8, 95% CI: 2.4–19.6) also in case of exposure to factors at 
the workplace, i.e., noise (OR = 4.1, 95% CI: 1.1–15.5). Conclusions: Based on the results of this case-control study the authors postulate to pay at-
tention during preconception care to proper preparation for pregnancy especially in younger women exposed to nuisance in the work environment 
and at home. In this area postulated activities should include education programs, in close cooperation occupational medicine practitioners and 
obstetricians even before the conception as a part of pre-conception counseling. Int J Occup Med Environ Health. 2023;36(1):59–68
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of the  mother and the  fetus  [9,16–18]. The  following 
intrapartum factors were assessed: uterine contrac-
tions, general complications such as: sudden maternal 
hypotension, cardiorespiratory arrest and respiratory or 
circulatory disorders, obstetric intra-labor factors: um-
bilical cord prolapse, shoulder dystonia and retention of 
the after coming head, major placental abruption, uterine 
rupture and fetal-maternal haemorrhage [19–22].

Aim
Assess selected maternal environmental factors of new-
borns with hypoxic-ischemic encephalopathy referred to 
hypothermia treatment.

MATERIAL AND METHODS
The material of the  case-control study was collected 
based on the analysis of medical records and an interview 
on the course of pregnancy and labour and clinical data 
of treated newborns.
The study group consisted of 51 patients whose neonates 
with diagnosed HIE were referred to hypothermia the-
rapy. The  newborns were transported to a  third-line 
center for the  purpose of implementing hypothermia 
treatment from the centers with a lower reference degree 
immediately after delivery for up to 6 h.
The indicators of neonatal hypoxia after birth are: Apgar 
score after 5 min of life <5 pts; umbilical cord blood pH 
of <7.0; BE alkalines deficiency >–12 mmol/l. Neuro-
logical disorders (convulsions, coma, decreased muscle 
tone) and multi-organ failure may occur in its aggravated 
forms [23].
Based on the results of their first measurements, perina-
tal hypoxia was diagnosed in the newborns transported 
to the center where qualification for hypothermia treat-
ment was performed (Table 1).
The criteria of pre-qualification for hypothermia treat-
ment included: gestational age of ≥36 weeks and con-
firmed at least 1 of the criteria listed in Table 2. An ad-

INTRODUCTION
Maternal socio-economic conditions of affect a develop-
ing fetus. These conditions also determine the quality of 
prenatal healthcare. Poverty and low level of education 
has been found to predispose to numerous abnormali-
ties increasing perinatal mortality and morbidity  [1]. 
Socio-economic conditions are considered as the  set of 
circumstances determining the intrauterine development 
of the  fetus in perinatal medicine. According to Kurjak 
et al. [2] they include: demographic characteristics of par-
ents, environmental conditions, living conditions, work-
ing conditions, income, nutrition, medical antenatal care, 
parents’ addictions.
So far, numerous studies have been published on envi-
ronmental factors influencing the  genesis of neonatal 
encephalopathy (NE). A wide population of newborns di-
agnosed with perinatal asphyxia were investigated, how-
ever, a group subjected to therapeutic hypothermia was 
not distinguished [3–8].
Other studies included a narrow group of cases where hy-
poxic-ischemic encephalopathy (HIE) damage to tissues 
and organs occurred  [9,10]. Hypoxic-ischemic encepha-
lopathy is a major predictor of later neurodevelopmental 
disability, causing negative neonatal outcome in 15–20% 
of cases [11,12] and cerebral palsy in 25% [13]. Notewor-
thy, the term HIE is not synonymous with NE, although 
therapeutic management with hypothermia is the  same. 
The causes of NE include: HIE, perinatal infections, pla-
cental abnormalities, metabolic disorders, coagulopathies 
and neonatal vascular stroke [14,15]. Neonatal encepha-
lopathy incidence is estimated at 3.0/1000  live births 
(95% CI: 2.7–3.3) and 1.5 for HIE (95% CI: 1.3–1.7) [13].
The influence of factors related to the maternal and fetal 
health status on the  incidence of NE was assessed ret-
rospectively in the  available literature. Generally, these 
factors can be divided into antenatal and intrapartum. 
 Antenatal factors are commonly classified as poor socio-
economic conditions and pathologies related to the health  
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The control group was composed of 51 postpartum 
women, these were the  subsequent patients who gave 
birth to a healthy neonate, whose hospitalization was un-
eventful (discharged on day 2 or 3 after birth) (group II).
The study was carried out in the Clinical Department of 
Obstetrics and in the  Department of Neonatology with 
Neonatal Intensive Care Unit of Frederic Chopin Provin-
cial Clinical Hospital No. 1 in Rzeszów, Poland, in 2012–
2016. The study was approved by the Bioethics Committee 
at the University of Rzeszów (resolution No. 02/04/2012). 
All surveyed women gave informed written consent to 
refer their child to hypothermia treatment (group I) and 
gave informed written consent to participate in the  re-
search project (group I and II).
The study focused on selected environmental factors 
which included the  place of residence (e.g. rural/city, 
income, number of rooms, number of people, flat area, 
living with parents or with in-laws, a  large family) and 
factors that determine working conditions (e.g. noise, 
cold, damp or dust at work, high temperature, toxic sub-
stances, nervousness, contact with toxic substances or 
ionizing radiation).
The collected data was developed with the Statistica v. 10.0 
software. Statistical analysis included descriptive statistics 

ditional condition was the  time between childbirth and 
hypothermia <6 h.
Final assessment before qualification for hypothermia was 
performed in the  hypothermia treatment center based on 
the above-mentioned criteria and a 20-minute a EEG recording 
by means of the Brain Function Monitor method. The Sarnat 
and Sarnat scale was used to assess NE staging [24].

Table 1. The basic measurements of newborns (N = 51) on admission 
to a third-level reference facility (the newborns were transported 
from the Podkarpackie centers with a lower reference degree immediately 
after delivery for up to 6 h) – study carried out in the  Clinical  Department 
of Obstetrics and in the  Department of Neonatology with Neonatal 
Intensive Care Unit of Frederic Chopin Provincial Clinical  Hospital No. 1 
in Rzeszów, Poland, in 2012–2016

Parameter M±SD Me Min. Max

pH first result 6.9±0.1 6.9 6.6 7.1

BE –18.6±2.9 –18.0 –27.2 –13.2

Blood pressure (RR) (M) 43.7±12.1 43 20 74

Core temperature* 33.9±0.9 34.0 30.0 35.4

PO2 47.9±27.6 36.5 11.0 100.0

PCO2 65.1±23.4 66.9 23.0 119.0

HCO3 5.2±11.2 10.0 –14.0 24.0

Saturation during transport 89.7±6.3 90.0 70.0 100.0

* The first measurement on admission to the ward.

Table 2. Initial criteria qualifying for hypothermia in newborn with gestational age of ≥36 weeks [36–38] – study carried out in the  Clinical  Department 
of Obstetrics and in the  Department of Neonatology with Neonatal Intensive Care Unit of Frederic Chopin Provincial Clinical  Hospital No. 1 in Rzeszów, Poland, 
in 2012–2016

Stage Hypothermia criteria

Stage I  the presence of one of the following symptoms
 – ≤5 Apgar score in the 10th minute of life
 – the need for mechanical ventilation (via an endotracheal tube/a bag valve mask/Neo-puff device) 10 min after birth
 – acidosis: pH <7.0 in umbilical cord or arterial blood 1 h after birth and/or an alkaline deficiency of at least 16 mmol/l  

(BE ≤–16 mmol/l) in umbilical cord blood or any blood sample (arterial, capillary or venous) at first hour after birth

Stage II the presence of one of the following symptoms
 – lethargy, numbness, coma
 – reduced muscle tone
 – abnormal reactions to stimuli
 – lack or decreased sucking reflex
 – seizures, spasms, increased muscle tone
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ingly, the risk decreased if the respondent was provided 
with help with domestic activities (OR = 0.2, p = 0.0030). 
Among working conditions, 2 factors significantly af-
fected the  risk of a  baby’s health condition after deliv-
ery, which would require therapeutic hypothermia. One 
of these factors was noise (OR = 5.3, p = 0.0052), while 
the  other was cold, damp or dust at work (OR  =  4.4, 
p = 0.0094) (Table 4).
The applied multivariate logistic regression model allowed 
to identify 3 statistically significant factors (p < 0.05). 
The  risk of hypothermia increased in the  case of living 
with parents or in-laws (OR = 6.8, p = 0.0003), insufficient 
stay outdoors during pregnancy (OR  = 0.7, p  = 0.0204, 
i.e., every hour longer means a decrease in the chance of 
hypothermia by 28%) and noise (OR = 4.1, p = 0.0338) 
or  other nuisance factors at workplace (OR  = 4.0, 
p = 0.0633) (Table 5).
In turn, Table 6 presents the quality assessment of such 
classification for the model described in Table 5. The cut-
off criterion in the  diagnostic test constructed on 
the basis of the logistic regression model was the prob-
ability of hypothermia >50%. Both indices (sensitivity 
and specificity) were found to be at an average level  – 
slightly >70% in the test based on the logistic regression 
model (Table 6).

(mean (M) ± standard deviation (SD)) as well as the odds 
ratio (along with the  95% confidence interval (CI)) and 
the test probability p calculated using the logistic regres-
sion analysis carried out for each of the independent fac-
tors separately. In addition, a multivariate logistic regres-
sion model was used to model the probability of requiring 
therapeutic hypothermia. Several factors related to demo-
graphic data, environmental conditions, working condi-
tions and health behavior in pregnancy were introduced 
as potential independent variables into the  multivariate 
model. The optimal model was developed using the  for-
ward stepwise regression procedure.

RESULTS
It has been shown that as the  mother grows older, 
the  chance of requiring therapeutic hypothermia in 
the  newborn decreases. With each maternal year, 
the chance of having to apply hypothermia in the neonate 
decreased by approx. 10.7% (Table 3).
It was found that the incidence of therapeutic hypother-
mia in the neonate was related to the number of people 
living in the same household (OR = 1.5, p = 0.0083) and 
to the fact that the child’s mother lived with her parents 
(OR = 4.8, p = 0.0025). In practice, it was most frequently 
associated with more difficult living conditions. Interest-

Table 3. Demographic data of the study group – study carried out in the  Clinical  Department of Obstetrics and in the  Department of Neonatology 
with Neonatal Intensive Care Unit of Frederic Chopin Provincial Clinical  Hospital No. 1 in Rzeszów, Poland, in 2012–2016

Variable

Participants
(N = 102)
(M±SD) OR (95% CI)* p

group I
(N = 51)

group II
(N = 51)

Age [years] 28.4±5.0 31.3±5.2 0.893 (0.823–0.968) 0.0062
Height [cm] 162.3±5.7 164.1±5.9 0.944 (0.881–1.012) 0.1043
Body mass [kg] 61.8±12.5 63.0±9.9 0.990 (0.955–1.026) 0.5745
BMI 23.4±4.2 23.4±3.2 1.003 (0.902–1.115) 0.9594
Education [years] 12.8±2.9 13.7±2.7 0.891(0.769–1.032) 0.1237

* These values were calculated using the logistic regression analysis performed for each of the independent factors separately.
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borns hospitalized due to moderate or severe neonatal en-
cephalopathy socioeconomic status, family history of sei-
zures, neurological problems and conception after fertility 
treatment were all independent preconception risk factors 
for NE. However, selectively analyzed environmental factors, 
e.g. regarding the mother’s age, do not correlate with the re-
sults. The authors demonstrated that the risk of encephalop-
athy increases with the mother’s age, it is worth noting that 
therapeutic hypothermia was not used in this study [17].
The results obtained by Anggondowati et al. [25] from In-
donesia, clearly indicate the correlation of environmental 

DISCUSSION
Factors related to NE pathologies have been investigated 
in the literature for many years. Negative outcomes of NE 
in the form of morbidity and mortality require a multi-
faceted approach that will allow for optimal care planning 
not only during pregnancy but even before conception in 
order to eliminate factors that may be related to NE.
One of the first reports that draws attention to the complexity 
of NE etiology and in conclusion postulating a careful selec-
tion of prenatal factors, was a control-case study conducted 
in the 1990s in Western Australia. In the group of 164 new-

Table 4. Selected environmental factors concerning the place of residence and working conditions – results of univariate analysis (separately for each factor) – 
study carried out in the  Clinical  Department of Obstetrics and in the  Department of Neonatology with Neonatal Intensive Care Unit of Frederic Chopin 
Provincial Clinical  Hospital No. 1 in Rzeszów, Poland, in 2012–2016

Variable

Participants
(N = 102)

OR (95% CI)* p
group I

(N = 51)
group II
(N = 51)

Place of residence

living in the rural area [n (%)] 25 (49.0) 23 (45.1) 1.171 (0.538–2.549) 0.6916

income >PLN 1000 [n (%)] 16 (31.4) 23 (45.1) 0.557 (0.248–1.249) 0.1555

rooms [n] (M±SD) 4.9±1.7 4.9±1.2 1.000 (0.765–1.307) 1.0000

people [n] (M±SD) 4.4±1.5 3.6±1.3 1.507 (1.112–2.044) 0.0083

flat area [m2] (M±SD) 111.5±46.0 105.5±44.1 1.003 (0.994–1.012) 0.4961

good living conditions [n (%)] 41 (80.4) 33 (64.7) 2.236 (0.910–5.493) 0.0792

living with parents [n (%)] 20 (39.2) 6 (11.8) 4.839 (1.744–13.427) 0.0025

living with in-laws [n (%)] 6 (11.8) 3 (5.9) 2.133 (0.503–9.043) 0.3039

a large family [n (%)] 14 (27.5) 10 (19.6) 1.551 (0.615–3.913) 0.3523

being helped with household chores [n (%)] 23 (45.1) 38 (74.5) 0.281 (0.122–0.649) 0.0030

Nuisance working conditions [n (%)]

noise 16 (31.4) 4 (7.8) 5.371 (1.651–17.477) 0.0052

cold, damp or dust at work 14 (27.5) 4 (7.8) 4.45 (1.35–14.64) 0.0094

high temperature 5 (9.8) 8 (15.7) 0.584 (0.177–1.925) 0.3769

toxic substances 2 (3.9) 3 (5.9) 0.653 (0.104–4.083) 0.6487

nervousness 14 (27.5) 23 (45.1) 0.461 (0.202–1.052) 0.0659

contact with toxic substances 3 (5.9) 4 (7.8) 0.734 (0.156–3.460) 0.6963

contact with ionizing radiation 1 (2.0) 1 (2.0) 1.000 (0.061–16.435) 1.0000

any 23 (45.1) 17 (33.3) 1.643 (0.737–3.663) 0.2250

* These values were calculated using the logistic regression analysis performed for each of the independent factors separately.
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The need to use hypothermia increased in pregnant wo- 
men living together with their parents OR = 6.8, 95% CI: 
2.4–19.6. Therefore, it was practically associated with 
more difficult living conditions, which may be associated 
with the low economic status identified in the literature. 
One of the  consequences of insufficient socio-material 
conditions is poorer access to maternity care both before 
and during pregnancy, regardless of the level of economic 
development of the country. The factor related to the low 
quality of prenatal care, often provided at the level of pri-
mary health care, or the lack of preparation for childbirth, 
translates into a significantly higher frequency of diagno-
ses of “asphyxia” during childbirth [4,6,9,26].
Additionally, noteworthy is the  access to free medical 
care, both before and during pregnancy in Poland. How-
ever, this fact is not tantamount to the optimal, conscious 
preparation of a  woman and her partner for parent-
hood. Despite free care available, perinatal indicators, 
e.g.,  the  percentage of premature births in Poland have 
not changed for many years, and as a result, the frequen-
cy of premature births is constant and amounts to approx. 
7% per year [27]. Thus, other factors related to the moth-
er’s life situation, nuisance related to living or workplace 
conditions are often of significant importance in this 
respect. Hence the  problem of sickness absenteeism of 
pregnant women observed in practice [28]. A large Polish 
cohort study analyzing the economic activity of pregnant 
women clearly indicates the group of women with lower 
education and a  worse economic status, as the  group 
most often discontinuing their current professional activ-
ity [29]. The own study did not show any differences in 
the level of education among the respondents, which may 
be due to the small size of the groups. On the other hand, 
it is worth noting that declaring any nuisance related to 
the  workplace (including noise, temperature, stress) re-
sulted in excluding the  pregnant woman from her cur-
rent position. It is compliant with the legal regulations in 
force [30,31]. As shown by the analysis of the literature, 

factors, i.e.,  the  young maternal age, living in the  rural 
area, long distance from the  hospital, poverty, low level 
of maternal education, unemployment as having adverse 
impact on delivery results. In  terms of maternal factors 
related to the occurrence of neonatal asphyxia, Anggon-
dowati et  al. noted in the  group of 357 examined new-
borns a  5-fold increase incidence of living in the  rural 
residence (<0.001) (AOR  = 5.3, 95%  CI: 1.9–18.1)  [25]. 
This study did not show that the place of residence, city/
village, is related to the occurrence of NE and the need for 
hypothermia treatment. The unequivalence of the results 
can be explained by the discrepancies in living conditions 
in the countryside between Poland and Indonesia.

Table 5. Multivariate logistic regression model – study carried out 
in the  Clinical  Department of Obstetrics and in the  Department 
of Neonatology with Neonatal Intensive Care Unit of Frederic Chopin 
Provincial Clinical  Hospital No. 1 in Rzeszów, Poland, in 2012–2016

Factor
Hypothermia probability

OR (95% CI)* p

Living with parents or in-laws 6.89 (2.415–19.631) 0.0003

Noise 4.16 (1.116–15.515) 0.0338

Cold, damp, dust 4.00 (0.926–17.292) 0.0633

* These values were calculated using the logistic regression analysis performed for 
each of the independent factors separately.

Table 6. Classification of cases made on the basis of a logistic regression 
model with measures of the quality of the diagnostic test – study carried 
out in the  Clinical  Department of Obstetrics and in the  Department 
of Neonatology with Neonatal Intensive Care Unit of Frederic Chopin 
Provincial Clinical  Hospital No. 1 in Rzeszów, Poland, in 2012–2016

Classification based  
on a logistic regression model

Observed condition
(N = 102)

[n]

group I
(N = 51, TPR 71%)

group II
(N = 51, TNR 73%)

Group I (N = 50, PPV 72%) 36 14

Group II (N = 52, NPV 71%) 15 37

NPV – negative predictive value; PPV – positive predictive value; TNR – true 
negative rate (specificity); TPR – true positive rate (sensitivity).
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came to similar conclusions, they observed that women 
of short stature with higher body weight had increased 
risk of HIE (OR  = 3.66, 95% CI: 2.4–5.5). In  an Italian 
study, Locatelli et al. [34] found a higher risk for HIE if 
the mother was obese. The study from Texas also indicates 
a  relationship between high maternal BMI ≥40 kg/m2 
with the diagnosis of HIE and the necessity to use hypo-
thermia in the newborn [16]. Also, a large retrospective 
study from Sweden, based on a cohort of 36 086 women, 
showed that the antenatal factor associated with a higher 
risk of HIE was overweight (BMI M±SD 25.9±4.4 vs. 
25.1±4.8, p  = 0.047)  [35]. Peebles et  al.  [36] reported 
interesting findings drawing attention to the  important 
fact of weight gain in pregnancy. Based on a large retro-
spective cohort study from the USA (N = 25 494), they 
showed that weight gain in pregnancy >13.6 kg was as-
sociated with a 2-fold higher risk of HIE in the newborn 
(OR = 2.28, 95% CI: 1.07–4.86) [36]. In this study, there 
were no overweight women and women with abnormal 
weight gain during pregnancy.

Limitations
Performed analysis was narrow, not taking into account all 
environmental factors, especially those closely related to 
the workplace itself. When analyzing work-related factors, 
no detailed analysis of the nuisance or exposure to harmful 
factors present at the current workplace was made. All re-
spondents were excluded from performing work in the cur-
rent position, however, the study did not analyze in detail 
how many women were transferred to perform another job 
and how many were released from the obligation to per-
form work. Moreover, the analysis in terms of exposure to 
nuisance at home, while performing daily duties, has not 
been deepened. This limitation clearly indicates the need 
for closer cooperation between the occupational medicine 
doctor and the  obstetrician-gynecologist, it is postulated 
that this cooperation should already cover the scope of pre-
conception counselling. In the context of the severity and 

in the  event of a  nuisance or a  harmful factor, exclud-
ing from the current job position is very often associated 
with the  cessation of professional activity of pregnant 
women  [29,32]. On the  one hand, it is purely a  matter 
of the concern for the safety of pregnancy, on the other 
hand, the lack of precise information about the patient’s 
working conditions, and thus a  selective assessment of 
the potential risk of pregnancy complications by the at-
tending gynecologist. Hence, in this aspect, close cooper-
ation between a gynecologist and an occupational medi-
cine physician is required to optimize the care of a pro-
fessionally active pregnant woman  [29,32]. Taking into 
account the results of this study, it is postulated that this 
cooperation should cover an earlier period, i.e., the inclu-
sion of an occupational medicine physician in services 
under pre-contraceptive consultation.
In the context of this study, maternal age is an important 
risk factor for hypoxia. Parker et al. [26] showed that if sen-
tinel events were taken out then maternal age >35 years 
(RR = 2.5, 95% CI: 1.1–5.6) was a risk factor. The higher 
the mother’s age, the higher the  risk of NE  [4,6,9,17,25]. 
Interestingly, this study showed a slightly different trend, 
indicating that with the mother’s age, the chance of requir-
ing hypothermia in the child decreased. With each year of 
the maternal age, it decreased by about 19.7%. Hence, there 
is a need to pay attention to younger women in the context 
of planned and provided pregnancy care. A similar result 
concerning younger women with a  lower financial status 
was indicated by Anggondowati et  al.  [25] and Nelson 
et al. [16] where the risk of using hypothermia was >3 times 
higher in the group of maternal age ≤15 years old .
Analyzing a  narrow group of newborns with HIE with 
an umbilical pH <7.00 (regardless of the  Sarnat clas-
sification), Barrois et  al.  [33] drew attention to the  fact 
that the  incidence of HIE was more often observed in 
the group of overweight mothers (25.0% vs. 13.6%, and 
OR = 15.5, 95% CI: 1.1–12.5 with comorbidities compli-
cating the course of pregnancy [33]. Liljestorm et al. [18] 
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significance of the disease itself, it is extremely important 
to plan multi-center studies in the future.

Strengths of the study
The study is pioneering in the analysis of maternal envi-
ronmental factors. Knowing these risk factors for hypo-
thermia may result in a rational choice of delivery place 
where is possible therapeutic hypothermia direct after 
birth. This in turn may limit transfers to hospital with 
hypothermic center which can take up to max 6 h if baby 
meets the criteria for therapeutic hypothermia.

CONCLUSIONS
Several studies provided general evidence that applying 
legal provisions on prohibited work during pregnancy 
and taking into account working conditions that are op-
timal for a  developing fetus are important for reaching 
healthy pregnancy outcomes. Considering the  severity 
and long-term effects of the disease described: hypoxic-
ischemic encephalopathy, the  aspect of identifying risk 
factors before pregnancy that may be related to this seri-
ous disorder is an extremely important issue.
Based on the results of this case-control study the authors 
postulate to pay attention during preconception care to 
proper preparation for pregnancy especially in younger 
women exposed to nuisance in the  work environment 
and at home. In  this respect, postulated activities should 
include education programs, close cooperation of occupa-
tional medicine practitioners and obstetricians, even before 
the conception as a part of pre-conception counseling.
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