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Maternal fever during preconception and
conception is associated with congenital heart
diseases in offspring

An updated meta-analysis of observational studies
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Abstract N
Backgrounds: Many studies have evaluated the effect of maternal fever on the development risk of congenital heart diseases \
(CHDs) in offspring, but the findings were inconsistent. Furthermore, a complete overview of the existing data was also missing.
Therefore, we intend to provide updated epidemiologic evidence to estimate the association between maternal fever and the risk of
overall CHDs and specific CHD phenotypes in offspring.

Methods: Pubmed, Embase, and Web of Science were searched through March 2020 to identify eligible studies that assessed the
association between maternal fever and CHDs risk in offspring. The summary risk estimates were calculated using random-effects
models. Potential heterogeneity source was explored by subgroup analyses and potential publication bias was assessed by Begg
funnel plots and Begg rank correlation test.

Results: Sixteen studies involving 31,922 CHDs cases among 183,563 participants were included in this meta-analysis. Overall,
mothers who had a fever experience during preconception and conception periods had a significantly higher risk of overall CHDs in
offspring (odds ratio [OR]=1.45, 95% confidence interval [Cl]: 1.21-1.73) when compared with those who did not have a fever
experience. For specific CHD phenotypes in offspring, a statistically significant association was found between maternal fever and
risk of conotruncal defects (CTD) (OR=1.38, 95%Cl: 1.01-1.89), atrial septal defects (ASD) (OR=1.48, 95% Cl: 1.01-2.17),
transposition of the great vessels (TGA) (OR=1.81, 95% CI: 1.14-2.88), and right ventricular outflow tract obstruction (RVOTO)
(OR=1.66, 95% CI: 1.04-2.65). Relevant heterogeneity moderators have been identified by subgroup analyses, and sensitivity
analyses yielded consistent results.

Conclusions: Although the role of potential bias and evidence of heterogeneity should be carefully evaluated, our review indicates
that maternal fever is significantly associated with the risk of CHDs in offspring, which highlights that preventing maternal fever during
the preconception and conception periods play an important role in decreasing the risk of CHDs in offspring. However, given the
limited number of current case-control studies, larger-sample prospective studies are required to further confirm our results. Besides,
due to the underlying mechanisms between maternal fever and the risk of specific CHD phenotypes in offspring are still unreported,
more research is needed to explore the possible mechanisms.

Abbreviations: 95% Cls = 95% confidence intervals, ASD = atrial septal defects, CHDs = congenital heart diseases, CTD =
conotruncal defects, ORs = odds ratios, RVOTO = right ventricular outflow tract obstruction, TGA = transposition of the great
vessels, TSD = test for subgroup difference.
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1. Introduction

Congenital heart diseases (CHDs) are currently the most common
birth defects in newborns, accounting for one-third of congenital
anomalies.!!! Current epidemiological researches suggest that the
worldwide prevalence of CHDs was 8.22 per 1000 live births, and
approximately 1.35 million babies with CHDs were born each year
globally, which have emerged as the largest cause of infant morbidity
and mortality worldwide.>! Although surgical interventional
therapy has dramatically changed the natural history of CHDs,!*!
some studies have found that the history of CHDs could increase the
risk of cardiovascular disease’®! and neurodevelopmental disabil-
ities!®”! in later life. As of now, most studies have proved that the
etiology of CHDs attributes to both the genetic and environmental
factors,'®*! with the details remaining unclear. Therefore, identifi-
cation of risk factors for CHDs onset and subsequent efforts to
prevent CHDs remain important priorities for research,'”! especially
where it could be modified and avoided, which may be a key step in
the implementation of primary prevention.

Over the past several decades, epidemiological researches on
maternal exposures during pregnancy have provided some thread
for the identification of potential risk factors for CHDs.['9121 Ag
maternal fever is not uncommon during pregnancy,113 Vit is
estimated that approximately 20.0 per 100 women reported
experiencing fever on at least one occasion during pregnancy.!
With the global attention of birth defect, fever is becoming
increasingly recognized as an important public health problem,
which has been confirmed as a likely teratogen in a variety of
animal and human."3'3! Meanwhile, previous studies have also
reported that hyperthermia could interfere with protein synthesis
through heat shock proteins, which can cause membrane and/or
vascular rupture, cell death, and placental infarction.!'31¢!

Furthermore, a previous review performed 6 years ago
suggested that maternal fever was significantly associated with
an increased risk of CHDs in offspring.!'”! However, only seven
original studies have been included in the prior review and only a
limited number of confounding factors have been considered,
which reduced the precision and robustness of the results and
thereby weaken the persuasiveness of the evidence.''”! Mean-
while, the prior review did not pay attention to the association
between different maternal exposure times and the risk of CHDs
in offspring. Besides, several studies with inconsistent findings
have been published after the publication of that review.

Therefore, considering the inconsistency of the existing studies
and the insufficient statistical power of published review, we
conducted an updated systematic review and meta-analysis to
include the latest literature. This is expected to increase the
statistical power, which will help to find a statistically significant
difference. Our study has the following objectives:

1. to review and summarize the epidemiologic relationship
between maternal fever and risk of overall CHDs in offspring;

2. to assess the association between maternal fever and risk of
specific CHD phenotypes in offspring; and

3. to identify the potential heterogeneity sources by subgroup
and sensitivity analyses.

2. Methods

2.1. Literature search strategy

PubMed, Embase, and Web of Science Database were searched
from its start data through March 01, 2020. We used and
combined the following search terms:

Medicine

1. congenital heart disease, congenital heart defect, congenital
heart malformation, congenital heart anomalies, congenital
cardiac disease, congenital cardiac defect, congenital cardiac
malformation, congenital cardiac anomalies, cardiovascular
malformation, congenital cardiovascular disease, cardiovas-
cular defect, and cardiovascular anomalies;

2. fever, febrile, hyperthermia, and pyrexia.

The search strategy is shown in Supplemental Table 1, http://
links.lww.com/MD/F823. Additionally, the reference lists of
retrieved articles and recent reviews were also manually
reviewed. The present study was conducted and reported based
on the Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines.!**! Ethical approval is not required
because there is no patient recruitment or personal information
collection, and the data included in our study were extracted from
published literature.

2.2. Exposure and outcomes

In the present study, the exposure of interest was maternal fever
which was defined as a temperature greater than 38 degrees or
self-reported fever experience. The outcomes of interest were
CHD:s or specific CHD phenotypes including conotruncal defects
(CTD), transposition of the great vessels (TGA), tetralogy of
fallot, atrial septal defects (ASD), ventricular septal defects, left
ventricular outflow tract obstruction, right ventricular outflow
tract obstruction (RVOTO), hypoplastic left heart syndrome,
which were diagnosed by experienced pediatric cardiologists
using ultrasonography and confirmed by surgery. However,
some of the included studies did not always define exposures and
outcomes, and in such cases, we relied on the corresponding
terminology in the original articles.

2.3. Study selection

Firstly, we performed an initial screening of titles or abstracts to
broaden the inclusion criteria to obtain any relevant study.
Secondly, we reviewed the full-text of all selected studies. Studies
were considered for inclusion if they fulfilled the following
criteria:

1. were original epidemiology studies;

2. had a cohort or case-control study design;

3. the exposure of interest was maternal fever;

4. the outcome of interest was overall CHDs or specific CHD
phenotypes; and

5. reported relative risks (RRs) or odds ratios (ORs), with
corresponding 95% confidence intervals (CIs) (or provided
sufficient information to calculate effect sizes).

Conversely, studies were excluded if they

. were review articles, or conference abstracts;

. did not provide any information to calculate effect sizes;
. had incomplete or unclear data, or

. were duplicate publications.

B WIN =

If more than 1 study involved the same population, the most
recent and comprehensive study was selected.

2.4. Data extraction and quality assessment

Two independent authors extracted data and assessed study
quality. Any disagreements were resolved through discussion
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among the authors until consensus was reached. Data extraction
was performed by using a standardized data collection form.
Information was recorded as follows: the first author name;
publication year; geographic region; sample sources; study
design; recruitment period; the number of cases/controls;
reported time of maternal fever; assessment methods of fever;
the outcome of interest; reported ORs and their 95% ClIs for risk
of CHDs; whether confounding factors were matched or
adjusted; and quality score. The study quality of the included
literature was assessed by using the Newcastle-Ottawa Scale./**!
When the study gains seven or more stars, it is considered of
higher methodological quality.

2.5. Statistical analysis

ORs were used to estimate the association between maternal fever
and risk of CHDs in offspring. In the presence of between-study
heterogeneity, the combined ORs and their corresponding 95%
CIs were calculated using random-effects models, otherwise, the
fixed-effect model was used.'**! Homogeneity of effect size across
studies was tested by using the Q statistics (significance level at
P <.10) and I? statistic (significance level at I* > 50%), which is a
quantitative measurement of inconsistency across studies.!*¢!

Subgroup analyses were conducted based on the following
factors: continents; sample sources; study design; reported time of
maternal fever; assessment methods of fever; whether confound-
ing factors were matched or adjusted; and quality score of studies.
We also performed sensitivity analyses to investigate the influence
of a single study on the overall risk estimate by omitting one study
at a time. Potential publication bias was assessed by Begg funnel
plots and Begg rank correlation test (significance level at
P<.10).*”V Considering the limited numbers of studies that
examined specific CHD phenotypes, subgroup analyses, sensi-
tivity analyses, and publication bias assessment were only
conducted for the association between maternal fever and risk
of overall CHDs in offspring.

All statistical analyses were performed using Stata version 12.0
and Review Manager Version 5.3. All reported P values were
two-sided and P<.05 was considered statistically significant,
except where otherwise specified.

3. Results

3.1. Literature search

The flowchart of the literature identification, screening, inclusion,
and exclusion process is shown in Figure 1. We initially found
484 potentially eligible articles from PubMed, Embase, and Web
of Science Database. Of these, 2 additional articles were found
from reference lists. At first, 171 studies were removed because of
duplicates. After 313 articles were screened based on titles or
abstracts, 252 articles were excluded (15 articles were reviews
and 237 articles were unrelated to our topics). Then, 61
potentially relevant articles were identified, which were carefully
assessed by full-text, and 45 articles were further excluded for
various reasons including

1. outcome data could not be extracted (n=38);

2. ineligible study design (n=14);

3. including multiple congenital defects (n=11); and

4. exposed group is inconsistent with our interest (n=12) Finally,

[18-22,28-38]

we identified 16 eligible articles in this meta-

analysis.
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3.2. Study characteristics

The main characteristics of the included studies were provided in
Table 1. These papers were published between 1989 and 2019,
with a total of 31,922 CHDs cases among 183,563 participants.
Among them, eight studies were conducted in North America, 4
studies in Europe, and 4 studies in Asia. Seven studies were based
on hospitals, and the remaining 9 were based on population.
Fifteen studies had a case-control design, while the other study
had a cohort design.

Meanwhile, 6 studies reported maternal fever measurement
standards, while the remaining 10 studies did not report
measurement standards. The exposure time of fever in 8 studies
was in the first trimester, 6 studies in prepregnancy and
pregnancy, and 2 studies during pregnancy. Additionally, 6
studies adjusted or matched some potential confounding factors
(such as maternal age, educational level, economic situation, and
so on), and the remaining studies did control any factors when
estimating the effect. Eleven studies were considered of higher
methodological quality, achieving a quality score of more than 7.

3.3. Maternal fever and risk of CHDs in offspring

The association between maternal fever and risk of overall CHDs
in offspring was shown in Figure 2. Overall, mothers who had a
fever during preconception and conception periods compare with
those who did not have a fever experience, were at a significantly
higher risk of overall CHDs in offspring (OR=1.45, 95%CIL:
1.21-1.73; P<.001). However, substantial heterogeneity was
found (P<.001; I*=80.0%).

Meanwhile, we also calculated the pooled estimate of the
association between maternal fever and the risk of specific CHDs
phenotypes in offspring, and the results were shown in Figures 3 and
4. Our results indicated that maternal fever experience was
significantly associated with increased risk of most CHD phenotypes
in offspring such as CTD (OR=1.38,95% CI: 1.01-1.89; P=.04),
ASD (OR=1.48, 95% CI: 1.01-2.17; P=.04), TGA (OR=1.81,
95% CI: 1.14-2.88; P=.01), and RVOTO (OR=1.66, 95% CI:
1.04-2.65; P=.03). Furthermore, substantial heterogeneity was not
found except for RVOTO (P=.08; I*’=61.0%). However, our
results did not find a significantly association between maternal fever
the risk of some specific CHD phenotypes in offspring including
tetralogy of fallot (OR=1.11, 95% CI: 0.94-1.32; P=.22),
hypoplastic left heart syndrome (OR=1.17, 95% CI: 0.94-1.47;
P=.17), ventricular septal defects (OR=1.21, 95% CI: 0.76-1.94;
P=.43), and left ventricular outflow tract obstruction (OR=1.08,
95% CI: 0.52-2.24; P=.84).

3.4. Subgroup analyses

Subgroup analyses for the association between maternal fever
and risk of total CHDs in offspring were summarized in Table 2.
Opverall, a significantly increased risk of developing total CHDs in
offspring was found in most subgroups. After subgroup analyses,
different study design (test for subgroup difference [TSD]: I? =
83.4%), different exposure time of maternal fever (TSD: I*=
70.1%), different geographic regions (TSD: I*=34.1%), and
sample source (TSD: I?=22.6%) were identified as relevant
heterogeneity moderators. However, statistically significant
difference was found only in different study design (x>=6.02;
P=.01) and different exposure time of maternal fever (x*>=10.02;
P=.02), while different geographic regions (x*=3.03; P=.22)
and different sample source (x*=1.29; P=.26) were not
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From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting tems for Systematic Reviews and Meta-Analyses:
The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097

Figure 1. Flow chart of literature selection.

statistically different. Subgroup analyses indicated that maternal
fever in the first trimester of pregnancy was significantly
associated with risk of total CHDs in offspring (OR=1.79;
95% CI: 1.32-2.44), and also reported the association between
maternal fever in 3 months before and during the pregnancy and
risk of total CHDs in offspring (OR =1.29; 95% CI: 1.01-1.64).

3.5. Sensitivity analyses

Sensitivity analyses were conducted to explore the potential
sources of heterogeneity and to examine the robustness of the risk

estimate when assessing the relationship between maternal fever
and total CHDs in offspring. For the association between
maternal fever and risk of overall CHDs in offspring, removing
the poor-quality studies did not change the overall risk estimate
(OR=1.47; 95% CI: 119-1.81), with substantial evidence of
heterogeneity (P<.001; I*=64.76%). Exclusion of 10 studies
not adjusting for any confounding factors yielded similar results
(OR=1.50; 95% CI:1.11-2.03), but heterogeneity was still
present (P <.001; I*=77.0%). Further exclusion of any single
study at a time did not materially alter the overall risk estimate
(Fig. 5).
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Figure 2. Forest plot of maternal fever and risk of overall CHDs in offspring.

3.6. Publication bias

Begg rank correlation test along with the result of the funnel plot
was applied to assess the asymmetry of the funnel plot and
evaluate the significance of publication bias. Begg funnel plot
showed a mild asymmetry in the visual examination (Fig. 6), but
Begg rank correlation test (P=.47) indicated no evidence of
publication bias among studies of maternal fever and the risk of
overall CHDs in offspring.

4. Discussion

CHDs were considered to be the leading non-infectious cause of
infant morbidity and mortality, accounting for 6.0% of neonatal
death and 46 % of congenital deaths respectively.***! Almost all
infants with CHDs need clinical or surgical intervention in the
first year of life, which brings a serious economic burden to their
families.[*!)

Our study suggested that mothers who had a fever during
preconception and conception periods compare with those who
did not have a fever experience, were at a significantly higher risk
of overall CHDs in offspring (OR=1.45). Furthermore, our
present study also indicated that maternal fever could signifi-
cantly increase the risk of specific CHD phenotypes in offspring
including CTD (OR =1.38), ASD (OR = 1.48), TGA (OR =1.81),
and RVOTO (OR =1.66). Besides, after subgroup and sensitivity
analyses, the relationship between maternal fever and higher risks
of developing overall CHDs in offspring still existed, which
implied our results were robust and credible.

So far, 1 existing review!'”) has evaluated the relation between
maternal fever and CHDs in offspring. Our findings were generally
consistent with the previous review, but our study has important
strengths. On the one hand, compared with the previous review,
our meta-analysis provides the most up-to-date evidence on this
topic and expands the sample size, which enhanced statistical
power to provide more precise and reliable risk estimates. On the
other hand, our study fully considered the effect of geographic

region, study design, sample source, exposure time, whether
reported the exposure measurement standard, whether the
confounding factors were adjusted, and quality score. We found
that the association between maternal fever and risk of CHDs in
offspring remains statistically significant after subgroup and
sensitivity analyses. Furthermore, we also fully considered the
relationship between maternal fever and specific CHD phenotypes
in offspring. Our results indicated that maternal fever was
significantly associated with some specific CHD phenotypes in
offspring including CTD, ASD, TGA, and RVOTO.

To our knowledge, the underlying mechanisms involved in the
relationship between maternal fever and the risk of CHDs in
offspring are still unclear. The most probable explanation is the
teratogenicity of hyperthermia. Some previous studies'**** have
reported that hyperthermia has teratogenic effects not only on
animals but also on humans. Meanwhile, these studies!>**! also
have found that hyperthermia was significantly associated with
malformations including central nervous defects, craniofacial
anomalies, heart defect, and so on. Nonetheless, the teratogenic
mechanisms of maternal fever are unknown.!*?! The potential
hypothesis is that hyperthermia can activate temperature-
sensitive TRPV1 and TRPV4 ion channels in neural crest cells,
which can result in cardiac and craniofacial birth defects.!**!

Additionally, there are a few possible explanations for the
association between maternal fever and risk of CHDs in
offspring. On the one hand, the association between maternal
fever and risk of CHDs in offspring may attribute to metabolic
changes. Evidence indicates!"®! that maternal fever can cause
changes in the metabolic level of the mother. For example,
hyperthermia could interfere with protein synthesis through heat
shock proteins, which can cause membrane and/or vascular
rupture, cell death, and placental infarction. On the other hand,
maternal fever may lead to an abnormal gene. Previous
studies!'**?! suggested that hyperthermia can cause interruption
of normal sequence of gene, and even touch off the abnormal
expression and mutation of the gene.
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Figure 3. Forest plot of maternal fever and risk of CTD, ASD, TOF, TGA, and HLHS in offspring.

Substantial heterogeneity was observed among studies assess-
ing the association between maternal fever and CHDs in
offspring, which was not surprising given the differences in the
study region and methodology. In the present study, we
conducted subgroup and sensitivity analyses to explore the
potential source of heterogeneity. Our subgroup analyses have
identified the most relevant heterogeneity moderators including
exposure time of maternal fever, study design, geographic region,
and sample source. However, little significant alterations were
found in risk estimates among most subgroups. Besides,

sensitivity analyses also showed that there were no significant
changes in the results by omitting 1 or more studies in turn. Both
of these indicated that our results were little affected by
heterogeneity, yet we also should interpret the results with
caution because of heterogeneity.

Potential limitations should be taken into account. Firstly,
considering limited numbers of studies for specific CHD
phenotypes, subgroup analyses, sensitivity analyses, and publi-
cation bias assessment were only conducted for the association
between maternal fever and risk of overall CHDs in offspring, so
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Figure 4. Forest plot of maternal fever and risk of VSD, LVOTO, and RVOTO in offspring.

Subgroup analysis of association maternal fever and risk of congenital heart diseases in offspring.

Measure of heterogeneity

Subgroup variables No. of studies Pooled OR (95%Cl) N P P
Geographic region 3.03" 22" 34.1%"
North America 8 1.31 (1.07-1.60) 28.97 <.001 76.0%
Europe 4 1.30 (0.92-1.84) 12.63 .01 76.0%
Asia 4 2.29 (1.25-4.20) 9.32 .03 68.0%
Study design 6.02" 01" 83.4%"
Cohort 1 1.01 (0.78-1.30) - - -
Case-control study 15 1.51 (1.24-1.83) 74.90 <.001 81.0%
Sample source 1.29" 26" 20.6%"
Hospital 7 1.64 (1.22-2.21) 13.18 .04 54.0%
Population 9 1.33 (1.09-1.63) 41.35 <.001 81.0%
Exposure time 10.02° 02" 701%"
First trimester 8 1.79 (1.32-2.44) 27.00 <.001 74.0%
Pre-pregnancy and pregnancy 6 1.29 (1.01-1.64) 23.83 <.001 79.0%
During pregnancy 2 1.09 (0.87-1.37) 0.88 .35 0.00%
Whether reported the exposure measurement standard 0.00 98" 0.00%"
Yes 6 1.42 (1.17-1.74) 5.62 .34 11.0%
No 10 1.43 (1.14-1.80) 62.01 <.001 85.0%
Whether the confounding factors were adjusted 0.08" 78" 0.00%"
Adjusted 6 1.50 (1.11-2.03) 21.78 .001 77.0%
Unadjusted 10 1.42 (1.13-1.79) 42.68 <.001 79.0%
Quality score 0.02" 90" 0.00%"
<7 5 1.43 (1.07-1.91) 4.59 .33 13.0%
>7 11 1.47 (1.19-1.81) 64.76 <.001 85.0%

“Test for subgroup differences.
95% Cl = confidence interval, OR = Odd Ratios.
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Figure 5. Sensitivity analysis for the association between maternal fever and risk of overall CHDs in offspring.

more studies should be included in future reviews, to provide
further support for our results. Secondly, recall bias should be
considered. Most of the studies included in our review were case-
control studies and case-control studies are prone to recall bias,
which may restrict the strength and quality of evidence. Although
most case-control studies collected data information by struc-
tured questionnaires, standardized questionnaires, medical
records, or interviews, which might to some extent help
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Figure 6. Begg funnel plot for the association between maternal fever and risk
of overall CHDs in offspring.

participants to accurately recall the information to some extent,
we should still view the results with caution.

Thirdly, most of the studies included in our review did not give
a strict definition and detailed information of maternal fever,
which may increase the likelihood of misclassification bias, so the
risk might be overestimated or underestimated. Fourth, residual
confounding is of concern. Uncontrolled or unconsidered risk
factors may produce potential biases, such as the duration of
fever. Although the pooled risk estimate did not significantly
change after restricting the analysis to studies that have adjusted
for confounding factors, the possible effects of uncontrolled or
unconsidered residual confounding cannot be ignored. Fifth, the
Begg rank correlation test did not indicate any evidence of
publication bias, but Begg funnel plot did show a little substantial
asymmetry, which may influence the results. Sixth, since fever
may be a clinical manifestation of a certain cause, we cannot rule
out the possibility that the observed association between
maternal fever and risk of CHDs in offspring is caused by a
certain cause rather than the fever itself. Among the possible
etiologies of fever, infection is the most common pathogenesis,
which is often caused by viral, bacterial, and fungal organisms.
However, it is difficult to distinguish the effects of fever on CHDs
from the effects of other potential infections because reports of
such exposures show a high level of concordance.”! Therefore,
we failed to control the influence of the cause of fever on the risk
of CHDs in our study. Future studies should emphasize the
precise collection of fever and its causes, which would contribute
to providing more accurate and refined evidence for explaining
the association between fever and risk of CHDs. Besides, the
present review included only studies published in English, and
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additional research in other populations is warranted to
generalize the findings.

5. Conclusion

In summary, based on our findings, the associations between
maternal fever and risk of CHDs in offspring are significant. This
association is present not only for overall CHDs in offspring but
also for some specific CHD phenotypes in offspring. Our findings
highlight that preventing maternal fever during the preconception
and conception periods may contribute to reducing the risk of
overall CHDs and some specific CHD phenotypes in offspring.
However, given the limited number of current case-control
studies, larger-sample prospective studies are required to further
confirm our results. Besides, due to the underlying mechanisms
between maternal fever and the risk of specific CHD phenotypes
in offspring are still unreported, more research is needed to
explore the possible mechanisms.
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