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on morbidity and mortality in preterm infants:
a systematic review
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Abstract

Purpose To assess the association between different incubator humidity levels and clinical outcomes in preterm
infants.

Background Since there is no well-accepted standard for delivery of incubator humidity for preterm infants. A meta-
analysis is needed to summarize the status of current research.

Methods Databases searched included PubMed, MEDLINE, the Cochrane Library, Embase, Ovid, Google scholar
and Web of Science, published between January 2000 and December 2023. Randomized control trials, prospective
cohort studies and retrospective cohort studies were included if they assessed how different incubator humidity
levels affected preterm infants with a gestational age < 34 weeks, published in English. Infection rates, the incidence
of bronchopulmonary dysplasia and predischarge mortality were evaluated.

Results Included in this review were 3 randomized control trials and 3 cohort studies including 801 preterm infants.
Findings revealed that a high humidity level increased the incidence of infection in preterm infants (RR=1.26, 95% C/
1.02,1.55, P=0.03). No significant difference was found between a high incubator humidity level and the incidence
of bronchopulmonary dysplasia or infant mortality.

Conclusions This study found that high humidity levels had a significant impact on the incidence of infection. Cur-
rent evidence is limited by signifcant heterogeneity across studies, lack of data related to regarding the effects of fac-
tors such as humidity duration and humidity adjustment schemes on the outcomes.
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Introduction
Approximately 15 million preterm infants are born every
year worldwide, and this number is increasing annually
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complications are urgent issues in perinatal medicine
that will enhance survival.

There is consensus among healthcare professionals
that humidification is advantageous in the treatment of
many preterm infants [6—8]. Compared with term infants
and late preterm, preterm infants have immature skin
development and incomplete function.High transepi-
dermal water loss (TEWL) through their thin skin layers
results in large amounts of body fluid being lost through
non-dominant water loss, leading to dehydration, hyper-
natremia, and weight loss [9, 10]. Previous studies have
shown that TEWL is inversely correlated with ambient
relative humidity [11]. By increasing incubator humid-
ity in the early stages after birth, the daily fluid require-
ments of preterm infants can be reduced [10]. However,
increased incubator humidity level also has side effects.
Ambient humidity may slow the development of the skin
barrier [12], and persistently high humidity may acceler-
ate microbial growth and reproduction, putting preterm
infants at higher risk for developing infections [13, 14].

Current clinical practices involve varying levels of
humidity. Neonatal intensive care units (NICUs) use a
wide range of incubator humidity levels and durations
[15]. In a survey of NICUs in France, Australia and New
Zealand, the humidity levels ranged from 60 to 100%
[16]. In a cross-sectional investigation involving Aus-
tralia, Canada, the Czech Republic, India, and the United
States, it was found that while all of the institutions sur-
veyed had established guidelines for humidification in
the NICU, the humidity settings varied considerably,
both within institutions and between institutions and
nations [6]. Glass and Valdez used the Johns Hopkins
levels and quality of evidence framework to assign a spe-
cific level and quality code to each article on all aspects
of patient outcomes related to incubator humidity [8].
Through a systematic review Glass et al. indicated that
a relative humidity of 60%—70% is suggested in the first
week after birth for preterm infants with a gestational
age>26 weeks. [8] Kao, Chen and Lien selected studies
for integrated synthesis [7]. Through a systematic review
Kao et al. indicated that for preterm infants with a ges-
tational age <30 weeks or a weight <1000 g, the relative
humidity should be 70%—80% in the first week after
birth and 50%—60% in the second week, and the dura-
tion should not exceed two weeks. [7] However, neither
systematic review performed a meta-analysis [7, 8]. A
meta-analysis consolidates sample sizes to increase the
potential of testing power by synthesizing the results of
multiple small study samples where the data have simi-
lar characteristics. Thus, the meta-analysis method was
applied to the current studies within our systematic
review, to evaluate the impact of high incubator humidity
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levels on the incidence of morbidity and mortality in pre-
term infants.

Methods

The review was registered with PROSPERO. We adhered
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) reporting guidelines
(PROSPERO: CRD42023401195).

Study selection criteria

The inclusion criteria were as follows: (1) Preterm infants
born at gestational age <34 weeks. (2) Assess the use of
different levels of incubator humidity. (3) Study types
included were Randomized control trials (RCTs), pro-
spective cohort studies, and retrospective cohort studies.
(4) Primary outcomes assessed were mortality and mor-
bidity related to infection and BPD. Studies with missing
data, studies for which data could not be extracted and
studies published in languages other than English were
not included.

In our initial examination of the literature, we found
that there were few high-quality RCTs related to our
research question and of those we found most had very
small sample sizes. As such we decide to included cohort
studies in our sample to increase the overall sample size.
The range of high humidity levels is obscure. The Associ-
ation of Women’s Health, Obstetric and Neonatal Nurses
(AWHONN) suggested that infants with extremely
low birth weight should be kept in an incubator with
an ambient humidity level that ranges from 70 to 85%,
depending on gestational age [17]. For Glass and Valdez,
it was suggested that the incubator humidity level should
not exceed 70% when preterm infants develop a skin
barrier in the first days of life and do not require humid-
ity protection to minimize evaporative heat loss [8].
NICU thermal environment standards specify 22—-26 °C
(72-76°F) as an acceptable range for air temperature
and 30-60% relative humidity [18].Considering that the
humidification level of most incubators starts at 70%,
the initial humidity setting of the incubator was >70% in
this study, which is regarded as a relatively high humid-
ity level for this research. Other interventions included
an initial incubator humidity level of<70% or no extra
humidification.

The primary outcome measures were infection rates,
the incidence of BPD and infant mortality. For review,
infection rates were defined as the presence of urine,
blood or cerebrospinal fluid infections.According to the
criteria of the National Institute of Child Health and
Human Development (NICHD) in 2001, any prema-
ture infant with oxygen dependence (oxygen concentra-
tion >21%) for more than 28 days was classified as having
BPD. We used this same criteria for this review. Mortality
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was limited to include only predischarge mortality for
this review.

Literature searches and data extraction
Several databases were searched, including PubMed,
MEDLINE, the Cochrane Library, Embase, Ovid, Google
scholar and Web of Science. Because the preliminary
search showed that associated literature from the twenti-
eth century was limited, literature was searched between
January 2000 and December 2023 to ensure that the
research findings precisely reflected current clinical
practice.A combination of subject terms, free words, and
Boolean logical operators was adopted for the search
strategy.A manual search of relevant references was man-
ually retrieved.

The search terms were infant*/Preterm/Premature/Pre-
maturity/Neonatal/ “VLBW”/ “ELBW”.

/incubator/Radiant Warmers/humidification/humid*/
humidity. Two researchers reviewed the titles and
abstracts and then selected which works should be
included based on the inclusion and exclusion criteria.
When the opinions of the two researchers differed, a
third researcher with greater qualifications arbitrated the
matter until consensus. The extracted data included basic
data (author, year of publication, baseline situation), sam-
ple sizes, intervention measures, outcome indicators, etc.

Risk of bias assessment and evidence evaluation

RCTs were evaluated using the Cochrane Collabora-
tion Network risk of bias assessment criteria [19]. The
Cochrane Risk of Bias 1(ROB 1) was used for RCT. Two
researchers independently assessed literature quality in
a double-blind manner. The following were evaluated:
random sequence generation, allocation concealment,
the blinding of subjects and implementors, the blind-
ing of outcome assessors, the integrity of outcome data,
selective reporting of findings, and other sources of
bias. On an article-by-article basis, each included study
was assessed as having a "low risk of bias", a "high risk
of bias" or an "unclear" risk of bias.The quality of the lit-
erature was divided into 3 levels: Grade A: Low bias and
meeting all of the above criteria; Grade B: Moderate bias
and meeting some of the above criteria; and Grade C:
High risk of bias and not meeting any of the above cri-
teria; submissions classified as Grade C were excluded.
After the completion of independent assessments, the
two researchers discussed and reached a consensus on
the assessment results, and if there was a disagreement, a
third researcher was consulted.

The Newcastle-Ottawa Scale (NOS) was used to evalu-
ate the bias risk of cohort studies [20].The NOS includes
4 items for subject selection (4 points), 1 item for com-
parability between groups (2 points) and 3 items for
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outcome measurement (3 points), for a total score of 9
points. Research quality was divided into high-quality
research (final score >6), medium-quality research (final
score=5), and low-quality research (final score <5). Only
medium- and high-quality documents with a score of
5-9 were included in this study.

The GRADE approach was used to assess evidence
quality and recommendations [21]. Evidence quality is
divided into four categories by the GRADE approach:
high, moderate, low, and very low. Observational stud-
ies receive a low grade, while randomized controlled tri-
als receive a high rating. When the publication link has
serious problems, the level of evidence decreases. The
GRADE approach classifies downgrading reasons into
five categories: risk of bias, inconsistency, indirectness,
imprecision, and publication bias. Observational stud-
ies with large effect sizes, defined as an RR<0.5, are
upgraded.

Data analysis

Review Manager 5.4 was used for the completion of
the metanalysis. Firstly, a quantitative synthesis analy-
sis was conducted of all included studies, and then a
second stratified analysis was conducted by study type
(RCT or cohort study). For enumeration data, the rela-
tive risk (RR) and its 95% confidence interval (95% CI)
were used to determine the effect size. Included studies
were subjected to the heterogeneity test, and the fixed
effect model was used with no statistical heterogeneity
(P>0.1, I><50%); the random effect model was used for
studies with statistical heterogeneity (P<0.1, I>>50%).
The combined effect size was used for hypothesis tests,
and P<0.05 indicated that the outcomes were statisti-
cally significant. STATA version 14 software (StataCorp.
2015. Stata Statistical Software: Release 14. College Sta-
tion, TX: StataCorp LP) was used to execute the sensitiv-
ity analysis and publication bias test (Egger test).

Results

The literature search and screening process is shown in
Fig. 1. A total of 801 subjects were included in 6 studies,
including 3 randomized controlled trials (n=246) and 3
cohort studies (n=>555).

The demographics of the population included studies
are listed in Table 1. The Cochrane Collaboration Risk
of Bias Assessment Criteria were used to assess the risk
of bias for the included RCTs. All three of the included
randomized controlled trials received a grade of B for
literature quality. Figures 2a and b display the methodo-
logical quality assessment of the included studies. The
three included cohort studies were evaluated for risk of
bias using the NOS. According to the NOS, the three
studies were relatively complete regarding the clarity
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of cohort study comparability and follow-up time, and
they all received an NOS score > 6, indicating high qual-
ity. Table 2 displays the information mentioned above.
As shown in supplemental Table 1, GRADE was used to
evaluate the quality of the evidence.

Results of the meta-analysis

The effect of a high humidity level on infection

Overall, five studies [10, 22—24, 26] (n=583) compared
the effect of a high humidity level on the incidence of
infection in preterm infants. Utilizing the fixed effect
model, the outcomes showed no heterogeneity among
the studies when the effects of the included literature
were combined. The meta-analysis results showed that a
high humidity level increased the incidence of infection
in preterm infants (RR=1.26, 95% CI 1.02, 1.55, P=0.03).
The incidence of infection was 1.26 times higher in the
group with a high humidity level than in the group with a
low humidity level (Fig. 3a).

Of the 5 studies considered above, three were RCTs
(n=246) which compared the effect of a high humidity
level on infection rates in premature infants. The findings
of the meta-analysis revealed that using a high humidity
level may increase the incidence of infection in preterm
infants (RR=1.47, 95% CI 1.01, 2.14, P=0.04), which was
1.47 times higher in the group with a high humidity level
than in the group with a low humidity level.

Also included above, two cohort studies (7 =337) com-
pared the effect of a high humidity level on infection
rates in premature infants. According to the meta-analy-
sis findings, there were no significant differences between
the groups with high and low humidity levels (RR=1.16,
95% CI10.91, 1.5, P=0.23).

The effect of a high humidity level on the incidence of BPD
Four studies [10, 23, 24, 26] (n=417) compared the
effect of a high humidity level on the incidence of BPD
in preterm infants. The combined effects of the included
literature revealed no evidence of study heterogene-
ity (P=0.29, I*=19%), and thus we used the fixed effect
model. The results revealed that there was no significant
difference between the groups with high and low humid-
ity levels (RR=1.07, 95% CI 0.86, 1.33, P=0.53) (Fig. 3b).
Of the four studies included above, two RCTs [23, 24]
(n=110) compared the effect of a high humidity level on
the incidence of BPD in preterm infants. According to
the meta-analysis findings, using a high humidity level
may put preterm infants at greater risk of BPD (RR=1.7,
95% CI1.01, 2.86, P=0.05). Within the two cohort trials,
also included above [10, 26], (n=307) each compared the
effect of a high humidity level on the incidence of BPD
in preterm infants. The results revealed that there was no
significant difference between the groups with high and
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Table 2 Cohort studies scored according to the the NOS scale

Study Selection Comparability Outcome Score
Gaylord 2001 [26] 4 1 2 7

Kim 2010 [10] 3 1 3 6
Sung 2013 [25] 3 1 3

low humidity levels within the cohort studies (RR=0.97,
95% CI0.76, 1.24, P=0.82).

The effect of a high humidity level on mortality

Five studies [10, 22, 23, 25, 26] (n=751) compared the
effect of a high humidity level on the incidence of mor-
tality predischarge in preterm infants. The combined
effects of the included literature revealed no evidence

of study heterogeneity (P=0.14, I*=42%) and thus we
used the fixed effect model. The results revealed that
there was no significant difference between the groups
with high and low humidity levels (RR=1.46, 95% CI
0.82, 2.6, P=0.84) (Fig. 3¢).

Of the above included studies, the two RCTs [22, 23]
(n=196) examined the effect of a high humidity level
on mortality. The results revealed that there was no sig-
nificant difference between the groups with high and
low levels of humidity (RR=1.32, 95% CI 0.1, 17.66,
P =0.84). However, in the three cohort studies [10, 25,
26] comparing the effect of a high humidity level on
mortality, the results revealed that a high humidity level
significantly increased the mortality rate of preterm
infants, which was 1.73 times higher in infants with a
high humidity level than in infants with a low humidity
level (RR=1.73,95% CI 1.17, 2.57, P=0.006).
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Sensitivity analysis

To eliminate the impact of different incubators on the
results for infection risk, a sensitivity analysis was con-
ducted to determine whether the results were stable.
Five studies [10, 22—-25] used double-walled incubators,
whereas Gaylord et al [26] used single-walled incubators.
After sensitivity analysis, as shown in Figs. 4a,b and ¢, no
significant effects on heterogeneity were demonstrated
across studies.

Publication bias

The results of the Egger test revealed that the infec-
tion rate (P=0.286>0.05), BPD incidence rate
(P=0.208>0.05), and mortality rates (P=0.993>0.05)
were all unaffected by publication bias.

Discussion
This systematic review aimed to investigate the effect of
incubator humidity levels on morbidity and mortality in
preterm infants. It should be the first review that have
attempted to conduct a meta-analysis to summarize the
current research status. Quantitative synthesis analysis
of all included studies was conducted, and stratified by
study design, and then the stability of the results.

According to the meta-analysis of the studies that were
included, there was a significant increase in the risk of
infection in preterm infants when the incubator humid-
ity level was high, and this result was particularly evident
in RCTs (quality of evidence: low). This result was con-
sistent with the research of Lynam [13] and Etienne [14].
Continuously high humidity can lead to faster growth
and reproduction of microorganisms, which increases
the risk of sepsis in preterm infants because humidity
increases condensation inside the incubator [13, 14]. Due
to the impact of high heat and humidity on the relatively
colder inner wall of the incubator, more condensation
may be produced. Prazad [27] found that volatile organic
compound concentrations in the air increased when the
humidity in the chamber was raised to 50%. When the
average temperature and relative humidity of the incu-
bator were set too high, the level of microbial contami-
nation increased significantly. Pritik [28] noticed that
the diversity of skin fungi was higher in environments
with higher humidity when monitoring the skin flora of
extremely preterm infants, indicating that humidity is
closely related to the reproduction and growth of fungi.
According to previous studies, mold grows in conditions
with at least 70% humidity, while yeast and gram-positive
and gram-negative bacteria grow in environments with
80% to 95% humidity [29].

However, the design of humidification systems in mod-
ern incubators has changed over time to decrease the
risk of infection [30]. Double-walled incubators reduce
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condensation and incorporate hot-water equipment,
which kills most organisms and keeps bacteria out of
the air [13]. Significantly, there is still a risk of external
microorganisms being introduced into this warm, moist
environment by caregivers’ hands. To eliminate the
impact of different incubators on the results for infection
risk, a sensitivity analysis was conducted to determine
whether the results were stable. Five studies [10, 22—25]
used double-walled incubators, whereas Gaylord et al
[26] used single-walled incubators. Figure 4 shows that
excluding the study by Gaylord et al [26] did not affect
the results. It is unclear whether the incubators used in
the studies provided sterile humidity. Due to the studies
being published between 2001 and 2013, further trials are
needed to verify whether the conclusions of this article
that high humidity levels may increase infection rates
apply to modern incubators.

Additional factors to examine, studies showed that the
gestational age of the included subjects may affect the
findings [11, 29]. Preterm infants with a lower gestational
age need to be cared for in an incubator environment
with a longer duration and higher initial humidity level,
which may affect the incidence of infection. The matu-
rity of skin barrier function in preterm infants depends
on their gestational age. Regarding skin development, the
epidermis matures gradually in the last quarter of preg-
nancy [11]. Preterm infants born at a younger gestational
age have less developed skin. The immaturity of skin bar-
rier function in preterm infants is mainly related to the
development of the stratum corneum. The stratum cor-
neum, one of the skin structures, dissipates heat through
evaporation, controls transepidermal water loss, and
protects the body from pathogens and toxins. At approxi-
mately 24 weeks of gestation, stratum corneum develop-
ment begins.Extremely low-birth-weight infants with
a gestational age of less than 24 weeks barely have stra-
tum corneum, and premature infants born at less than
30 weeks gestation have only two to three stratum cor-
neum layers [12].There is evidence that by 30 to 32 weeks
of gestational age, the stratum corneum has almost fully
developed [31].The AWHONN guideline mentioned
that the length of time it takes for skin to mature usually
takes one week for preterm infants born at 25-29 weeks,
2-3 weeks for preterm born at 24 weeks and less. But
small for gestational age infants’ skin matures much faster
than other babies [17]. Additionally, preterm infants need
incubators with high initial humidity levels for extended
periods, which may affect the incidence of infection.
However, in the current research on the effect of incuba-
tor humidity on preterm infants, the gestational age of
the included subjects was quite different, suggesting that
future studies should be stratified based on gestational
age. Notably, the following precautions might decrease



Chen et al. BMC Pediatrics

(2025) 25:262
Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit
Helder (2008) o
Meyer (2001) [
Kong (2011) (o]
Gaylord (2001) | o |
Kim (2010) | | o] |
1
0.94 1.02 1.26 1.55 1.97
Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit
Kong (2011) (o]
Meyer (2001) (-]
Gaylord (2001) [ |
Kim (2010) I o
1
0.79 0.86 1.07 1.33 1.61
Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit
Helder (2008) I o !
Kim (2010) o
Meyer (2001) (]
Sung (2013) (o)
Gaylord (2001) | o
1
0.74 1.09 1.56 223 2.7

C

Fig. 4 Sensitivity analysis. a The incidence of infection. b The incidence of BPD. ¢ The incidence of mortality
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the risk of neonatal infections and even late sepsis when
the incubator is set to a high humidity level: reducing the
duration of a high humidity level, thoroughly cleaning the
incubator, and replacing the sterile water daily [29, 32].
This study did not find that a high incubator humid-
ity level had significant effect on either the incidence
of BPD or the mortality rate of preterm infants (quality
of evidence: low). This is consistent with Kao’s research
conclusion [7]. The principle of providing humidity is
based on thermal regulation and reducing heat loss due
to evaporation. In a dry and cold environment, the rate
of evaporation heat exchange between the skin surface
and the ambient air can be very high [33]. Increasing the
incubator humidity level in the early stages after birth
can continuously reduce insensible water loss, reduce the
daily fluid requirements of extremely preterm infants,
improve water and electrolyte balance and maintain ther-
mal stability, reducing mortality rates [10]. There is not
yet sufficient evidence to confirm the direct impact of
high incubator humidity levels on the incidence of BPD
or the mortality rate of preterm infants. Further high-
quality RCTs will be required to verify the outcome.
However, the findings obtained for the two research
types—RCTs and cohort studies—were distinct in this
study after conducting stratified analysis. The subgroup
analysis of RCTs showed higher risk of BPD and the
cohort studies showed a higher mortality rate. There are
two possible reasons for this difference: first, the sample
size of the included RCTs was far smaller than that of
the included cohort studies, which could explain the dis-
crepancy. Three RCTs (n=246) and three cohort studies
(n=555) were included in this study. Second, the base-
lines of two RCTs [23, 24] and three cohort studies [10,
25, 26]were unbalanced. According to the assessment of
included studies’ quality of evidence, the combined effect
size of the two RCTs was large (RR=1.7) when analyzing
how different humidity levels impacted the incidence of
BPD in preterm infants. However, the sample size of this
experimental group (n=>55) and control group (n=>55)
was insufficient to meet the optimal information size
standard, so the grade was downgraded by one level due
to severe inaccuracy. When examining the effect of vari-
ous humidity levels on the mortality of preterm infants,
two RCTs were combined to achieve an I [2] of 66%,
and the high heterogeneity produced severe inconsist-
ency, so the grade was downgraded by one level. As some
control groups were in a non-humidified environment
and some were in a humidified environment, two RCTs
and three cohorts were both downgraded by one level
having serious indirectness. Even so, the heterogeneity
between RCTs and cohort studies was not significant,
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less than 50%. This means that there may be some con-
founding factors in the different research designs that
affect the results, and more research is needed to guide
practice recommendations. Overall, merging all the stud-
ies yielded more reliable results. Therefore, the combined
results from cohort studies and RCTs may represent the
true situation rather than RCTs or cohort studies alone.

Implications for practice

Evidence has demonstrated that when the initial incu-
bator humidity level is high—at more than 70%— the
incidence of infection in preterm infants is significantly
increased. When creating a humidity delivery plan for
preterm infants, the impact of high humidity levels on
the infection rate of preterm infants should be carefully
considered. To reduce the risk of infection in preterm
infants, we can implement incubator disinfection and
reduce the duration of a high humidity level when mak-
ing a plan for humidity management.

Implications for research

More large clinical trials and humidity-related research
including preterm infants of differing gestational ages
particularly those from younger gestational ages must
be conducted in the future.

Limitations of this study

To ensure the credibility of results and reduce the risk
of bias in the review, we only included studies that meet
our selection criteria rather than increased the number
of studies. So it cannot be denied that the number of
studies included in this review is less than Glass et al.
review [8]. The search revealed that the number of per-
tinent experimental studies in the field, particularly
RCTs, was small. The quality of evidence were low, the
risk benefit could not be decided, which can not accu-
rately guide clinical practice. The humidity levels in the
control group of existing research designs varied sig-
nificantly because there are no correlative standards
regarding humidity for the care of preterm infants.
Although still acceptable, the heterogeneity of the study
designs may have led to smaller effect sizes. Due to
the lack of data regarding the effects of factors such as
humidity duration and humidity adjustment schemes
on the outcomes, subgroup analysis on gestational age
and birth weight was not conducted. The findings of
this review may not be applicable to infants who are
extremely preterm or very preterm neonates.
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Conclusions

This review summarized the available evidence relat-
ing to the effect of humidity levels on complications and
mortality in preterm infants. This study found that high
humidity levels had a significant impact on the incidence
of infection but had no impact on mortality or the inci-
dence of bronchopulmonary dysplasia. However, the
evidence is limited by signifcant heterogeneity across
studies, lack of data related to regarding the effects of fac-
tors such as humidity duration and humidity adjustment
schemes on the outcomes.

Other information

The article was registered with PROSPERO. We adhered
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) reporting guidelines. Dif-
ferent from the protocol, the outcome indicators that
were not presented were the incidence of hypernatremia,
intravascular hemolysis and patent ductus arteriosus.
During the search process, it was found that few stud-
ies observed and described these indicators, resulting
in the inability to conduct a meta-analysis [PROSPERO:
CRD42023401195].

The review was supported financially by two projects:
the Guangzhou Health Science and Technology General
Guidance Project (20241A010066) to Zhiqin Chen and
the Medical Scientific Research Foundation of Guang-
dong Province (A2022101) to Ying Li. The review authors
have no competing interests.

Abbreviations

NICUs  Neonatal Intensive Care Units
BPD Bronchopulmonary dysplasia
IVH Intraventricular hemorrhage
PVL Periventricular leukomalacia
TEWL  Transepidermal water loss

RCTs Randomized controlled trials

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512887-025-05538-3.

Supplementary Material 1.
Supplementary Material 2
Supplementary Material 3

Acknowledgements
Not Applicable

Authors’ contributions

Z.C. designed the study, collected, and analyzed data, drafted the initial manu-
script, and reviewed and revised the manuscript; RL. collected and analyzed
data, reviewed, and revised the manuscript; H.W. reviewed and revised the
manuscript; B.S. and Q.C. made supportive contributions and contributed to
the critical revision of the manuscript. Al authors have read and approved the
manuscript.

Page 11 of 12

Funding

Supported by Guangzhou Health Science and Technology General Guidance
Project 20241A010066 to Zhigin Chen and Medical Scientific Research Foun-
dation of Guangdong Province A2022101to Ying Li.

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 10 June 2024 Accepted: 24 February 2025
Published online: 31 March 2025

References

1. Howson CP, Kinney MV, Mcdougall L, Lawn JE, Born Too Soon
Preterm Birth Action Group. Born too soon: preterm birth mat-
ters. Reprod Health. 2013;10(Suppl 1):S1. https://doi.org/10.1186/
1742-4755-10-S1-S1.

2. Wang D, Yasseen AS, March. A population-based comparison of preterm
neonatal deaths (22-34 gestational weeks) in France and Ontario: a
cohort study. CMAJ Open. 2019;7(1):E159-E166. https://doi.org/10.9778/
cmajo.20180199.

3. XuF, Kong X, Duan S, et al. Care practices, morbidity and mortality of
preterm neonates in China, 2013-2014: a retrospective study. Sci Rep.
2019;9(1):19863. https://doi.org/10.1038/541598-019-56101-x.

4. Wu XP, Gu CL, Han SP, et al. A multicenter retrospective study on survival
rate and complications of very preterm infants. Zhongguo Dang Dai Er
Ke Za Zhi. 2021;23(8):814-20. https://doi.org/10.7499/].issn.1008-8830.
2102037.

5. Perin J, Mulick A, Yeung D, et al. Global, regional, and national causes
of under-5 mortality in 2000-19: an updated systematic analysis with
implications for the Sustainable Development Goals. Lancet Child Ado-
lesc Health. 2022;6(2):106-15. https://doi.org/10.1016/52352-4642(21)
00311-4.

6. Rizk N, D’Angio C, Kent AL. Humidification Practices of Extremely Preterm
Neonates: A Clinical Survey. Healthcare (Basel). 2022;10(8):1437. https://
doi.org/10.3390/healthcare10081437.

7. KaoYH, Chen HC, Lien ASY. The effect of high humidity environments on
very low birth weight preterm infants: A systematic review. Hu Li Za Zhi.
2022,69(4):88-98. https://doi.org/10.6224/IN.202208_69(4).11.

8. Glass L, Valdez A. Preterm infant incubator humidity levels: A systematic
review. Adv Neonatal Care. 2021,;21(4):297-307. https://doi.org/10.1097/
ANC.0000000000000791.

9. Reed RC, Johnson DE, Nie AM. Preterm infant skin structure is qualita-
tively and quantitatively different from that of term newborns. Pediatr
Devel Pathol. 2021;24(2):96-102. https://doi.org/10.1177/1093526620
976831.

10. Kim SM, Lee EY, Chen J, Ringer SA. Improved care and growth outcomes
by using hybrid humidified incubators in very preterm infants. Pediatrics.
2010;125(1):e137-45. https://doi.org/10.1542/peds.2008-2997.

11. Hammarlund K, Sedin G. Transepidermal water loss in newborn infants: lll.
Relation to gestational age Acta Paediatr. 1979;68(6):795-801. https://doi.
org/10.1111/j.1651-2227.1979.tb08214 x.

12. Hammarlund K, Stromberg B, Sedin G. Heat loss from the skin of preterm
and fullterm newborn infants during the first weeks after birth. Neonatol-
ogy. 1986;50(1):1-10. https://doi.org/10.1159/000242554.


https://doi.org/10.1186/s12887-025-05538-3
https://doi.org/10.1186/s12887-025-05538-3
https://doi.org/10.1186/1742-4755-10-S1-S1
https://doi.org/10.1186/1742-4755-10-S1-S1
https://doi.org/10.9778/cmajo.20180199
https://doi.org/10.9778/cmajo.20180199
https://doi.org/10.1038/s41598-019-56101-x
https://doi.org/10.7499/j.issn.1008-8830.2102037
https://doi.org/10.7499/j.issn.1008-8830.2102037
https://doi.org/10.1016/S2352-4642(21)00311-4
https://doi.org/10.1016/S2352-4642(21)00311-4
https://doi.org/10.3390/healthcare10081437
https://doi.org/10.3390/healthcare10081437
https://doi.org/10.6224/JN.202208_69(4).11
https://doi.org/10.1097/ANC.0000000000000791
https://doi.org/10.1097/ANC.0000000000000791
https://doi.org/10.1177/1093526620976831
https://doi.org/10.1177/1093526620976831
https://doi.org/10.1542/peds.2008-2997
https://doi.org/10.1111/j.1651-2227.1979.tb08214.x
https://doi.org/10.1111/j.1651-2227.1979.tb08214.x
https://doi.org/10.1159/000242554

Chen et al. BMC Pediatrics (2025) 25:262

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Lynam L, Biagotti L. Testing for bacterial colonization in an ohm-

eda medical giraffe humidification system. Neonatal Intensive Care.
2002;15(2):50-4.

Etienne K, Subudhi C, Chadwick P, et al. Investigation of a cluster of
cutaneous aspergillosis in a neonatal intensive care unit. J Hosp Infect.
2011,79(4):344-8. https://doi.org/10.1016/j,jhin.2011.06.012.

Deguines C, Décima P, Pelletier A, Dégrugilliers L, Ghyselen L, Tourneux P.
Variations in incubator temperature and humidity management: a survey
of current practice. Acta Paediatr. 2012;101(3):230-5. https://doi.org/10.
1111/j.1651-2227.2011.02492.x.

Sinclair L, Crisp J, Sinn J. Variability in incubator humidity practices in the
management of preterm infants. J Paediatr Child Health. 2009;45(9):535—
40. https://doi.org/10.1111/j.1440-1754.2009.01555 x.

Brandon D, Hill CM, Heimall L, et al. Neonatal skin care: evidence-based
clinical practice guideline. 4th ed. Obstetric and Neonatal Nurses: Wash-
ington D.C. Association of Women's Health; 2018.

Altimier L, Barton S A, Bender J, et al. Recommended standards for
newborn ICU design. J Perinatology. 43(Suppl 1):2-16. https://doi.org/10.
1038/541372-023-01784-4.

Higgins JP, Altman DG, Gatzsche PC, et al. The Cochrane Collaboration’s
tool for assessing risk of bias in randomised trials. BMJ. 2011;343: d5928.
https://doi.org/10.1136/bmj.d5928.

Wells G, Shea B, O'Connell D, et al. Newcastle-Ottawa quality assessment
scale cohort studies. Ottawa: University of Ottawa; 2014.
Aguayo-Albasini JL, Flores-Pastor B, Soria-Aledo V. Sistema GRADE:
clasificacion de la calidad de la evidencia y graduacién de la fuerza de la
recomendacion [GRADE system: classification of quality of evidence and
strength of recommendation]. Cir Esp. 2014,92(2):82-8. https://doi.org/
10.1016/j.ciresp.2013.08.002.

Helder OK, Mulder PG, Van Goudoever JB. Computer-generated versus
nurse-determined strategy for incubator humidity and time to regain
birthweight. J Obstet Gynecol Neonatal Nurs. 2008;37(3):255-61. https://
doi.org/10.1111/j.1552-6909.2008.00237.

Meyer MP, Payton MJ, Salmon A, Hutchinson C, De Klerk A. A clinical com-
parison of radiant warmer and incubator care for preterm infants from
birth to 1800 grams. Pediatrics. 2001;108(2):395-401. https://doi.org/10.
1542/peds.108.2.395.

Kong YS, Medhurst A, Cheong JLY, Kotsanas D, Jolley D. The effect of
incubator humidity on the body temperature of infants born at 28 weeks’
gestation or less: a randomised controlled trial. Neonatal Paediatri Child
Health Nurs. 2011;14(2):14-22. https://doi.org/10.3316/ielapa.6248519865
67623.

Sung SI, Ahn SY, Seo HJ, et al. Insensible water loss during the first week
of life of extremely low birth weight infants less than 25 gestational
weeks under high humidification. Neonatal Med. 2013;20(1):51-7. https://
doi.org/10.5385/nm.2013.20.1.51.

Gaylord MS, Wright K, Lorch K, Lorch V, Walker E. Improved fluid manage-
ment utilizing humidified incubators in extremely low birth weight
infants. J Perinatol. 2001;21(7):438-43. https://doi.org/10.1038/sj,jp.72105
61.

Prazad P, Cortes D, Puppala B, Donovan R, Kumar S, Gulati A. Airborne
concentrations of volatile organic compounds in neonatal incubators. J
Perinatol. 2008;28(8):534-40. https://doi.org/10.1038/jp.2008.75.

Shah PA, Govindarajan V, Diggikar S, Rangaiah A, Devadas S, Kariyappa M.
Exploring the Skin Mycobiome in Very Preterm babies during the early
neonatal period in a Neonatal Intensive Care Unit of India. Trop Doct.
2022;52(2):362-4. https://doi.org/10.1177/00494755221077520.
Kurimoto T, Ibara S, Ishihara C, Naito Y, Hirakawa E, Yamamoto T. Incubator
humidity and temperature control in infants born at 22-23 weeks' gesta-
tion. Early Hum Dev. 2022;166: 105550. https://doi.org/10.1016/j.earlh
umdev.2022.105550.

Antonucci R, Porcella A, Fanos V. The infant incubator in the neonatal
intensive care unit: unresolved issues and future developments. J Perinat
Med. 2009;37(6):587-98. https://doi.org/10.1515/JPM.2009.109.

Kalia YN, Nonato LB, Lund CH, Guy RH. Development of skin barrier func-
tion in premature infants. J Invest Dermatol. 1998;111(2):320-6. https://
doi.org/10.1046/j.1523-1747.1998.00289.x.

De Goffau MC, Bergman KA, De Vries HJ, et al. Cold spots in neonatal
incubators are hot spots for microbial contamination. Appl Environ
Microbiol. 2011;77(24):8568-72. https://doi.org/10.1128/AEM.06015-11.

Page 12 of 12

33. Shukla VV, Ambalavanan N. Recent advances in bronchopulmonary
dysplasia. Indian J Pediatr. 2021;88(7):690-5. https://doi.org/10.1007/
$12098-021-03766-w.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.jhin.2011.06.012
https://doi.org/10.1111/j.1651-2227.2011.02492.x
https://doi.org/10.1111/j.1651-2227.2011.02492.x
https://doi.org/10.1111/j.1440-1754.2009.01555.x
https://doi.org/10.1038/s41372-023-01784-4
https://doi.org/10.1038/s41372-023-01784-4
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1016/j.ciresp.2013.08.002
https://doi.org/10.1016/j.ciresp.2013.08.002
https://doi.org/10.1111/j.1552-6909.2008.00237
https://doi.org/10.1111/j.1552-6909.2008.00237
https://doi.org/10.1542/peds.108.2.395
https://doi.org/10.1542/peds.108.2.395
https://doi.org/10.3316/ielapa.624851986567623
https://doi.org/10.3316/ielapa.624851986567623
https://doi.org/10.5385/nm.2013.20.1.51
https://doi.org/10.5385/nm.2013.20.1.51
https://doi.org/10.1038/sj.jp.7210561
https://doi.org/10.1038/sj.jp.7210561
https://doi.org/10.1038/jp.2008.75
https://doi.org/10.1177/00494755221077520
https://doi.org/10.1016/j.earlhumdev.2022.105550
https://doi.org/10.1016/j.earlhumdev.2022.105550
https://doi.org/10.1515/JPM.2009.109
https://doi.org/10.1046/j.1523-1747.1998.00289.x
https://doi.org/10.1046/j.1523-1747.1998.00289.x
https://doi.org/10.1128/AEM.06015-11
https://doi.org/10.1007/s12098-021-03766-w
https://doi.org/10.1007/s12098-021-03766-w

	The effect of incubator humidity on morbidity and mortality in preterm infants: a systematic review
	Abstract 
	Purpose 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study selection criteria
	Literature searches and data extraction
	Risk of bias assessment and evidence evaluation
	Data analysis

	Results
	Results of the meta-analysis
	The effect of a high humidity level on infection
	The effect of a high humidity level on the incidence of BPD
	The effect of a high humidity level on mortality
	Sensitivity analysis
	Publication bias


	Discussion
	Implications for practice
	Implications for research
	Limitations of this study

	Conclusions
	Other information

	Acknowledgements
	References


