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Objective: The aim of this study was to look into the rates of perinatal admissions for respiratory, cardiac, and cardiovascular 
diseases in England.
Methods: This ecological study was conducted in England. The Hospital Episode Statistics (HES) database in England provided the 
study with the publicly accessible data. The data set for this study was considered between April 01, 2012 and April 01, 2020. The HES 
database contains information on patients’ admissions to hospitals, notably for those hospitalised with perinatal cardiovascular and 
respiratory diseases. We used the chi-squared test to assess the difference between the hospital admission rates between 2012 and 2020.
Results: An increase of 15.6% was observed in hospital admissions rate during the study period [from 10,940.37 (95% CI 10,865.99– 
11,014.75) in 2012 to 12,649.00 (95% CI 12,565.03–12,732.98) in 2020 per 100,000 people, p<0.05]. Intrauterine hypoxia, chest 
congestion and breathing-related respiratory distress of newborns, and other perinatal respiratory disorders accounted for 35.5%, 
29.8%, and 21.3%, respectively. Males contributed for more than half of them (56.7%). The rate of hospital admission among males 
increased by 15.1% [from 12,227.79 (95% CI 12,118.83–12,336.74) in 2012 to 14,074.77 (95% CI 13,952.11–14,197.43) in 2020 per 
100,000 persons, p<0.05]. The rate of hospital admission among females increased by 17.4% [from 9,646.15 (95% CI 9,545.31– 
9,747.00) in 2012 to 11,324.20 (95% CI 11,209.47–11,438.92) in 2020 per 100,000 persons, p<0.05].
Conclusion: The study’s findings show that the most common causes of hospital admissions for respiratory and cardiovascular 
disorders were intrauterine hypoxia, neonatal respiratory distress, and other perinatal respiratory issues, which were detected 
particularly during the perinatal period. Further research is warranted to identify risk factors of hospital admissions for respiratory 
and cardiovascular disorders during the perinatal period.
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Introduction
In 2019, 2.4 million new-borns died in their first month of life worldwide.1 Although the frequency of deaths during this 
period has decreased, complications during pregnancy and delivery remain a major concern, with 75% of new-born 
deaths occurring during the first week of life. Congenital heart disease can be regarded a primary cause of cardiac 
emergencies in young children and infants,2 and acquired heart disease becomes increasingly common in infancy and 
early childhood.3

The neonatal phase, which includes the perinatal period, is regarded as the most critical time after delivery. It is a time 
of rapid change and development during which infancy behaviours such as eating and bonding are developed. This was 
often thought to be the most dangerous phase since there is a high likelihood of post-delivery complications or the 
discovery of birth defects or congenital disorders. In a recent study of 100 infants born at 23 weeks, 60 died before being 
discharged from the hospital, with respiratory failure being the most common cause.4 There is a growing trend to start 
resuscitation and therapy at a younger gestational age; nevertheless, this unexpected consequence is an increase in the 
proportion of children with long-term respiratory and/or neurological impairment.5 Chronic respiratory disorders are the 
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most common reasons for new-born infants being admitted to the neonatal intensive care unit (NICU).6 Despite advances 
in the NICU, chronic respiratory diseases continue to be a major source of morbidity and mortality in neonates.6

CVDs affect 7.6 million people in the United Kingdom (UK) and are a leading cause of death and disability.7,8 In 
England, respiratory disorders impact one in every five people and are the third biggest cause of death after cancer and 
cardiovascular disease. Furthermore, the trend in hospital admissions for respiratory disorders in England has tripled in 
the last 7 years.9 In 2019, more than half of all new-borns in England died as a result of immaturity-related conditions, 
with the majority of patients (53.1%) suffering from respiratory and cardiovascular problems.10

Previous epidemiological research in the United Kingdom focused on a variety of acute and chronic health 
outcomes.11–25 To the best of our knowledge, no previous research in England in the last two decades have 
investigated the respiratory and cardiovascular disorders of the new-borns during the neonatal-perinatal period. 
Understanding the prevalence of respiratory and cardiovascular disorders admissions, particularly during perinatal 
period, and the underlying causes is critical for researchers and policymakers, as England has set a goal of 
reducing stillbirth and new-borns mortality rates by 2025 compared to 2010. As a result, the purpose of this study 
was to investigate the rates of perinatal hospital admissions for respiratory and cardiovascular diseases in England.

Methods
Study Design
This was a retrospective ecological study that utilized publically available data on the population level. For the current 
study, we used data from the Hospital Episode Statistics (HES) database in England for the period between April 01, 
2012 and April 01, 2020.26 Data prior to 2012 are not specific to the new-born age group, but are reported for the age 
group under 14 years collectively. The HES database comprises data from patients who were admitted to the hospital 
with respiratory and cardiovascular diseases especially in the perinatal period. We identified respiratory and cardiovas-
cular disorders specific to the perinatal period-related hospital admissions using the Tenth Revision of the International 
Statistical Classification of Diseases and Related Health Problems (ICD-10) 5th Edition (used by National Health Service 
(NHS) to classify diseases and other health conditions).

Data Extraction
All diagnostic codes for respiratory and cardiovascular disorders specific to the perinatal period (P20 – P29; P20: intrauterine 
hypoxia, P21: birth asphyxia, P22: respiratory distress of newborn, P23: congenital pneumonia, P24: neonatal aspiration 
syndromes, P25: interstitial emphysema and related conditions originating in the perinatal period, P26: pulmonary haemor-
rhage originating in the perinatal period, P27: chronic respiratory disease originating in the perinatal period, P28: other 
respiratory conditions originating in the perinatal period, and P29: cardiovascular disorders originating in the perinatal 
period) were used. The Office for National Statistics (ONS) database was used to obtain mid-year population data (2012– 
2020) in order to assess the yearly admission trend for disorders connected to cardiovascular and respiratory disease.

Statistical Analysis
Descriptive statistics were used present categorical data as frequency and percentage. The number of respiratory 
and cardiovascular diseases (nominator) unique to the perinatal period-related hospitalization divided by the mid- 
year population (denominator) was used for this research to determine hospital admission rates with 95% 
confidence intervals (CIs). Similar procedure was used to estimate the admission rates stratified per gender and 
age group. Confidence interval was estimated using the following equation for the population proportion: p^ +/− 
z* (p^(1 − p^)/n)0.5. We used the chi-squared test to assess the difference between the hospital admission rates 
between 2012 and 2020. All analyses were conducted using SPSS version 27 (IBM Corp, Armonk, NY, USA).

Results
The total annual number for respiratory and cardiovascular disorders specific to the perinatal period hospital admissions 
for different causes increased by 2.9% from 74,015 in 2012 to 76,136 in 2020, representing an increase in hospital 
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admission rate of 15.6% [from 10,940.37 (95% CI 10,865.99–11,014.75) in 2012 to 12,649.00 (95% CI 12,565.03– 
12,732.98) in 2020 per 100,000 persons, p<0.05] (Figure 1).

The total number of admissions during the study period was 642,320 episodes. Males contributed for more than half 
of them (56.7%). The rate of hospital admission among males increased by 15.1% [from 12,227.79 (95% CI 12,118.83– 
12,336.74) in 2012 to 14,074.77 (95% CI 13,952.11–14,197.43) in 2020 per 100,000 persons, p<0.05]. The rate of 
hospital admission among females increased by 17.4% [from 9646.15 (95% CI 9545.31–9747.00) in 2012 to 11,24.20 
(95% CI 11,209.47–11,438.92) in 2020 per 100,000 persons, p<0.05], Figure 2.

The most prevalent respiratory and cardiovascular disorders specific to the perinatal period hospital admissions causes 
were intrauterine hypoxia, respiratory distress of newborn, and other respiratory conditions originating in the perinatal 
period, which accounted for 35.5%, 29.8%, and 21.3%, respectively (Figure 3).

Throughout the past eight years, a tremendous increase in respiratory and cardiovascular disorders specific to the 
perinatal period hospital admissions rate was seen in respiratory distress of newborn, chronic respiratory disease 
originating in the perinatal period, and pulmonary haemorrhage originating in the perinatal period with 53.2%, 36.2%, 
and 31.8%, respectively. However, respiratory and cardiovascular disorders specific to the perinatal period hospital 
admissions rate for birth asphyxia, neonatal aspiration syndromes, and intrauterine hypoxia were decreased by 60.3%, 
25.0%, and 2.6%, respectively (Table 1, Figure 4).

Discussion
Despite that over the past 30 years England has made significant progress in the healthcare sector, improvements in 
mortality rates in England have slowed in the last decade.9 Since 2014, the proportion of new-born deaths among babies 
born at less than 24 weeks of gestation has increased. Things to be considered, that since 2014, immaturity-related 
disorders or respiratory infections have been the leading cause of new-born mortality in England.9 Different reports on 
the health profile for England also indicate that, early detection is critical. Primary and secondary prevention, as well as 
promoting public health awareness, remain essential avenues for reducing the burden of risk factors and maximizing the 
adoption of recognized effective care in the prevention of both cardiovascular disease and prenatal respiratory disease. 
The goal of this study was to examine the epidemiology of hospital admissions in England due to perinatal respiratory 
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Figure 1 Total rates of hospital admission for respiratory and cardiovascular disorders specific to the perinatal period in England.
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and cardiovascular problems. The key findings of this study are: 1) during the last eight years, perinatal admission rate 
due to respiratory and cardiovascular disease increased, 2) intrauterine hypoxia, respiratory asphyxia of newborn, and 
other respiratory conditions emerged during perinatal period were the most common causes of hospital admissions 
“related to respiratory and cardiovascular disorders” during the perinatal period, 3) the most noticeable rise in admission 
rates was owing to infant respiratory distress, chronic respiratory illness arising during the perinatal stage, and perinatal 
pulmonary haemorrhage, and 4) admission rates were higher among males compared to females during the study period.

In our study, during the last eight years, perinatal admission rate due to respiratory and cardiovascular disease 
increased by 15.6%. There are several reasons that are considered for the increasing trend of hospitalisation of new-born 
infant as they suffered for respiratory and cardiovascular disorders. These include delayed or maladaptive adaptation to 
extra-uterine life, pre-existing illnesses such as surgical or congenital defects, or acquired conditions like as lung 
infections that occur either before or after delivery. According to a previous Italian study, 2.2% of all deliveries were 
complicated by a respiratory illness.27 Another study in India estimated that the rate of complications could reach 6.7%.28 

According to one study, respiratory issues were the predominant reason for admission in 33.3% of all neonatal 
admissions at >28 weeks’ gestation, excluding children with syndromes and those with congenital or surgical 
disorders.29 A subsequent study reported that 20.5% of all new-born admission showed symptoms of infection.30 

Respiratory problems are the most common reason for neonatal unit admission in both term and preterm new-borns.31 

There are various theories as to why new-born infants are increasingly being hospitalized due to the disease like 
cardiovascular and respiratory issues. For example, sometimes maladaptive adaptation of the infant right after birth to 
extra-uterine life is the main cause found as significant element. Also, another reason mostly found is the surgical 
complicacy that may came from a pre-existing illness, or acquired ailments such as lung infections that arise before or 
after delivery.

Some research evidence also exists of increasing rates of perinatal admissions where the possible reason is found as 
respiratory conditions that might be an impact of maternal smoking.32 Researchers found smoking of pregnant mother 
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Figure 2 Rate of admissions stratified by gender.
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can lead to the respiratory and cardiovascular disorder of new born during perinatal period. According to the Centers for 
Disease Control and Prevention (CDC), “maternal smoking during pregnancy” (MSDP) is a severe public health danger, 
affecting approximately half of all pregnant smokers.33 As a result, each year, pregnant women who are used to smoke 
during their pregnancy, infect almost more than 500,000 infants20 Smith, Martin, and Ventura (1999; CDC, 2004). 
Women those who are used to smoke during their period of pregnancy have children with altered cardiorespiratory 
responses,34 as well as increased asthma and wheezing.34–38 The new research from Seattle Children’s Hospital adds to 
the growing body of data that smoking during pregnancy can harm a baby’s heart and increase the chance of miscarriage, 
small new-borns, and early birth. In England, approximately 13% of pregnant women smoke. According to the same 
study, smoking during pregnancy could cause 1% to 2% of all heart-related diseases in new-borns.

Our research also found that most infants were admitted to the hospital due to intrauterine hypoxia, new born 
respiratory distress, and other perinatal respiratory disorders, accounting for 35.5%, 29.8%, and 21.3%, respectively. 
Furthermore, with 53.2%, 36.2%, and 31.8%, respectively, the most notable increase in respiratory and cardiovascular 
disorders specific to the perinatal period hospital admissions rate was seen in respiratory distress of new born, chronic 
respiratory disease originating in the perinatal period, and pulmonary haemorrhage originating in the perinatal period. It 
is a well-known fact that, fetal growth and perinatal survival are all dependent on good maternal health and appropriate 

0.1%
0.8%

1.1% 1.5% 2.0% 2.4%
5.6%

21.3%

29.8%

35.5%

Pulmonary
haemorrhage
originating in
the perinatal

period

Interstitial
emphysema
and related
conditions

originating in
the perinatal

period

Chronic
respiratory

disease
originating in
the perinatal

period

Congenital
pneumonia

Birth asphyxia Neonatal
aspiration
syndromes

Cardiovascular
disorders

originating in
the perinatal

period

Other
respiratory
conditions

originating in
the perinatal

period

Respiratory
distress of
newborn

Intrauterine
hypoxia

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

40.0%

Pulmonary haemorrhage originating in the perinatal period
Interstitial emphysema and related conditions originating in the perinatal period
Chronic respiratory disease originating in the perinatal period
Congenital pneumonia
Birth asphyxia
Neonatal aspiration syndromes
Cardiovascular disorders originating in the perinatal period
Other respiratory conditions originating in the perinatal period
Respiratory distress of newborn
Intrauterine hypoxia

Figure 3 Percentage of respiratory and cardiovascular disorders specific to the perinatal period hospital admission from total number of admissions.
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placental development. Maternal exposure to a consistently hypoxic environment may result in significant organ damage. 
When the placenta does not function normally, it has acute and chronic impacts on the development of the fetus. As 
a result, it causes a variety of conditions. When the organism is deprived of oxygen, conditions such as IUGR, 

Table 1 Percentage Change in the Hospital Admission Rates for Respiratory and Cardiovascular Disorders Specific to the Perinatal 
Period Between 2012 and 2020 in England

Disorders Rate of Disorders in 
2012 Per 100,000 
Persons (95% CI)

Rate of Disorders in 
2020 Per 100,000 
Persons (95% CI)

Percentage Change 
Between 2012 and 

2020

P-value

“Intrauterine hypoxia” 3984.89  
(3938.28–4031.50)

3883.12  
(3834.31–3931.93)

−2.6% ≥0.05

“Birth asphyxia” 412.55 (397.27–427.82) 163.98 (153.76–174.20) −60.3% ≤0.001

“Respiratory distress of newborn” 2856.93  
(2817.23–2896.63)

4377.04  
(4325.36–4428.73)

53.2% ≤0.001

“Congenital pneumonia” 166.14 (156.44–175.85) 194.71 (183.58–205.85) 17.2% ≤0.05

“Neonatal aspiration syndromes” 329.77 (316.11–343.43) 247.38 (234.83–259.93) −25.0% ≤0.05

“Interstitial emphysema and related conditions originating in the 
perinatal period”

81.44 (74.65–88.24) 101.68 (93.62–109.73) 24.8% ≤0.05

“Pulmonary haemorrhage originating in the perinatal period” 4.29 (2.73–5.85) 5.65 (3.75–7.55) 31.8% ≤0.05

“Chronic respiratory disease originating in the perinatal period” 116.48 (108.35–124.60) 158.66 (148.61–168.72) 36.2% ≤0.001

“Other respiratory conditions originating in the perinatal period 
(primary atelectasis of newborn, other and unspecified atelectasis of newborn, 
cyanotic attacks of newborn, primary sleep apnea of newborn, other apnea of 
newborn, and respiratory failure of newborn)”

2407.58  
(2371.05–2444.10)

2776.31  
(2734.81–2817.82)

15.3% ≤0.05

“Cardiovascular disorders originating in the perinatal period (neonatal 
cardiac failure, neonatal cardiac dysrhythmia, neonatal hypertension, persistent 
fetal circulation, and transient myocardial ischemia in newborn)”

580.31 (562.21–598.41) 740.47 (718.81–762.13) 27.6% ≤0.05
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Figure 4 Rates of hospital admission for respiratory and cardiovascular disorders specific to the perinatal period in England stratified by type between 2012 and 2020.
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Intrauterine Growth Restriction, and Asphyxia occur, resulting in either unconsciousness or death. It may aggravate the 
disease by causing multi-organ failure, preterm labour, and perinatal death.

Hospital admissions due to birth asphyxia, new-born aspiration syndromes, and intrauterine hypoxia reduced by 
60.3%, 25.0%, and 2.6%, respectively, according to our study findings. This could be linked to improvements in medical 
practitioners’ diagnostic abilities, allowing them to recognize certain specific anomalies early on and treat them 
appropriately, allowing for preterm delivery (during these periods of our research). Another reason could be that several 
medical science research advancements, notably on congenital heart diseases (CHD), have had a significant impact on 
improving the survival rate of affected patients over time.39 Many improved diagnostic procedures such as

Magnetic Resonance Imaging (MRI), genetic testing, Molecular testing of the chorionic villus sample (CVS) or aminocytes, 
fetal blood sample, a direct biopsy of fetal tissue, and Non-invasive prenatal diagnosis (NIPD) have also contributed to the early 
detection of congenital anomalies during the perinatal period. (earlier than 20 weeks of pregnancy and during the first 
trimester)40,41 

The preceding steps play an important role in supporting early decision-making for potentially life-saving procedures. As 
a result, doctors have the option of terminating the pregnancy early, lowering the likelihood of delivering new-borns with 
hypoxia and its accompanying difficulties, as well as hospitalization.

There are certain limitations to this research. To our knowledge, our study is of a novel one to look into the 
epidemiology of hospital admissions in England due to perinatal respiratory and cardiovascular problems. It is difficult to 
demonstrate any form of causality between the variables because this is an ecological study and the database is only 
available at the population level. In addition, the researcher was unable to obtain sufficient information on other 
associated variables such as gender, age, and educational level, for example. We were unable to investigate the 
connection between maternal age and perinatal respiratory and cardiovascular disorders-related hospital admissions.

Conclusion
The finding of the study showed that over the research period, the epidemiology of hospitalization for prenatal respiratory 
and cardiovascular disorders in England has increased. The most common causes of hospital admissions related to 
respiratory and cardiovascular disorders specific to the perinatal period were intrauterine hypoxia, respiratory distress of 
newborn, and other respiratory conditions originating in the perinatal period. However, more research employing follow- 
up is required to investigate potential risk factors for respiratory and cardiovascular disease during the perinatal period.
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