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Abstract 

Background: Epidemiological studies suggest that singletons born from assisted reproductive technologies (ART) 
have a high risk of adverse perinatal outcomes, specifically for imprinting disorders. Because ART processes take place 
at times when epigenetic reprogramming/imprinting are occurring, there is concern that ART can affect genomic 
imprints. However, little is currently known about the risk of imprinting defects according to the type of ART or the 
type of underlying female infertility.

From the French national health database, a cohort of 3,501,495 singletons born over a 5‑year period (2013–2017) 
following fresh embryo or frozen embryo transfers (fresh‑ET or FET from in vitro fertilization), intrauterine insemina‑
tion, or natural conception was followed up to early childhood. Based on clinical features, several syndromes/diseases 
involving imprinted genes were monitored. The effects of ART conception and the underlying cause of female infertil‑
ity were assessed.

Results: Compared with infants conceived naturally, children born after fresh‑ET had a higher prevalence of imprint‑
ing‑related diseases, with an aOR of 1.43 [95% CI 1.13–1.81, p = 0.003]. Namely, we observed an increased risk of 
neonatal diabetes mellitus (1.96 aOR [95% CI 1.43–2.70], p < 0.001). There was an overall independent increase in risk 
of imprinting diseases for children with mothers diagnosed with endometriosis (1.38 aOR [95% CI 1.06–1.80], p = 0.02). 
Young and advanced maternal age, primiparity, obesity, smoking, and history of high blood pressure or diabetes were 
also associated with high global risk.

Conclusions: This prospective epidemiological study showed that the risk of clinically diagnosed imprinting‑related 
diseases is increased in children conceived after fresh embryo transfers or from mothers with endometriosis. The 
increased perturbations in genomic imprinting could be caused by controlled ovarian hyperstimulation and poten‑
tially endometriosis through the impairment of endometrial receptivity and placentation, leading to epigenetic feto‑
placental changes. Further studies are now needed to improve understanding of the underlying molecular mecha‑
nisms (i.e. genetic or epigenetic causes).
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Background
Assisted reproductive technologies (ART), mostly intrau-
terine insemination (IUI) and in vitro fertilization (IVF), 
have helped many couples to overcome infertility. World-
wide, millions of children have been born via ART, and 
they now account for > 4% of births in some European 
countries [1].
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Even though most of these children are considered 
healthy, there is increasing awareness about the poten-
tial consequences of ART on a number of complications 
potentially linked to epigenetic deregulation [2].

Epidemiological studies suggest that singletons born 
following the use of ART have an increased risk of 
adverse perinatal outcomes (e.g. low birth weight after 
fresh embryo transfers and abnormal placentation) [3, 
4]. Furthermore, ART-conceived offspring also have 
an increased risk of rare imprinting disorders, such as 
Beckwith–Wiedemann (BWS), Russell–Silver (SRS), 
Angelman (AS) and Prader–Willi (PWS) syndromes 
[5–10]. However, there are considerable differences in 
the reported relative risks (Additional file  1: Table  S1), 
which can mostly be explained by the substantial meth-
odological heterogeneity (findings mostly obtained from 
voluntary registries or relatively small populations). The 
systematic reviews on this field have nevertheless made 
it possible to assess a substantial number of children. In 
a review, Vermeiden and Bernardus estimated that the 
birth of a child with BWS is significantly associated with 
ART, with a pooled relative risk of 5.2 [95% CI 1.6–7.4] 
[11]. Similarly, a systematic review demonstrated that 
the combined odds ratio of any imprinting syndromes 
in children conceived by ART is 3.67 [95% CI 1.39–9.74] 
when compared with naturally conceived children [12]. 
In a recent meta-analysis, a positive association was still 
found between conception after ART and four imprint-
ing conditions (BWS, SRS, AS, PWS), among which BWS 
had a summary odds ratio of 5.8 [95% CI 3.1–11.1] [13]. 
It is difficult to draw any conclusions concerning SRS 
because it is extremely rare [11], but a positive asso-
ciation with ART treatment is likely [13]. No significant 
associations were found between the incidence of AS or 
PWS and IVF treatments [11]. Fertility problems could 
be involved in these two last syndromes in ART chil-
dren [11], but the results of any meta-analysis must be 
interpreted in light of the limitations of the contributing 
studies.

During the periconceptional period, genome-wide 
epigenetic reprogramming occurs [14, 15]. This repro-
gramming includes imprinting, which is crucial for the 
proper development and future health of offspring. The 
many manipulations and processes of ART (e.g. hor-
monal stimulation, embryo manipulation, culture and 
cryopreservation) are concurrent with epigenetic repro-
gramming and imprinting (i.e. during female gametogen-
esis and preimplantation embryo development), leading 
to concerns that the ART themselves could negatively 
affect epigenetics and the establishment/maintenance of 
genomic imprints. Importantly, contrary to the molecular 
aetiologies of BWS children conceived naturally, almost 
all ART-conceived BWS typically occurred though loss 

of epigenetic marks in imprinting control regions (close 
to 95% of children with BWS born after IVF/ICSI vs 50% 
in the general population) [11]. However, the infertility/
subfertility status of the parents may also play a role in 
the increased incidence of these disorders, as underlined 
in a Dutch study performed in families with a child with 
BWS, PWS, or AS [9]. Interestingly, there is increasing 
evidence that some female infertility syndromes such as 
polycystic ovary syndrome (PCOS) [16] or endometriosis 
[17] are associated with epigenetic alterations.

However, so far, the risk of imprinting-related diseases 
in relation to specific types of ART or underlying causes 
of female infertility has not been assessed. Therefore, 
the first aim of this extensive national cohort study was 
to compare the prevalence of imprinting-related disor-
ders in singletons born after fresh (fresh-ET) or frozen 
(FET) embryo transfers, intrauterine insemination (IUI), 
or following natural conception (NC). Our second aim 
was to study the role of the three major types of female 
infertility (i.e. endometriosis, PCOS and primary ovarian 
insufficiency [POI]) on the prevalence of these imprint-
ing-related diseases.

Results
Influence of the mode of conception
According to the mode of conception, the prevalence 
of imprinting-related diseases was 0.10% after NC 
(N = 3478), 0.16% (N = 72) after fresh-ET, 0.12% (N = 23) 
after FET, and 0.11% (N = 22) after IUI (for a total of 
0.14% after ART). Compared with NC infants, children 
born after fresh-ET had a significantly higher prevalence 
of imprinting diseases, with an aOR of 1.43 [95% CI 1.13–
1.81], p = 0.003, whereas no relevant differences were 
observed for the IUI and the FET groups. After taking 
into account female infertility status in multivariate anal-
ysis, the risk remained significant in the fresh-ET group 
(aOR of 1.32 [95% CI 1.04–1.69], p = 0.02) (Table 1).

More specifically, in univariate analysis, we observed 
a significant increase in the number of cases of neonatal 
diabetes mellitus (NDM) in the fresh-ET group (N = 38, 
0.08%) compared with the NC group (N = 1438, 0.04%, 
p < 0.001) (Table 2). The increased risk of NDM was con-
firmed in multivariate analysis (1.96 aOR [95% CI 1.43–
2.70], p < 0.001), even when the type of female infertility 
was taken into account (1.58 aOR [95% CI 1.13–2.21], 
p = 0.008) (Table  3). The increased risk of NDM also 
remained significant after adjustment for gestational dia-
betes (data not shown). In addition, when analyses were 
performed on a subset of NDM newborns who needed 
medication or were hospitalized for diabetes within one 
year after birth (n = 130, corresponding to incidence of 
3.7/100,000), the fresh-ET group remained at a higher 
risk than the NC group (Additional file 1: Table S2).
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Influence of maternal parameters
According to the type of female infertility, the prevalence 
of imprinting-related diseases was 0.16% (N = 59), 0.17% 
(N = 12), and 0.35% (N = 5) for singletons conceived with 
mothers diagnosed with endometriosis, PCOS and POI, 
respectively.

There was an overall independent increase in the risk 
of imprinting-related diseases for the children of moth-
ers with endometriosis (1.38 aOR [95% CI 1.06–1.80], 
p = 0.02) (Table 2). The prevalence of imprinting-related 
diseases was 0.26% in the fresh-ET group with endo-
metriosis vs 0.14% in the group without endometrio-
sis (Fig.  1). The children of women with POI tended to 
have higher risk than those from women without POI 
(2.24 aOR [95% CI 0.99–5.91], p = 0.05), but PCOS did 
not appear to influence the risk of imprinting disorders 
(Table 1). Specifically, except in the IUI group, the preva-
lence of NDM was higher in the children whose mothers 
had endometriosis (Fig.  1). In multivariate analysis, the 
risk of NDM tended to be higher for children conceived 
by women with endometriosis (1.47 aOR [95% CI 1.00–
2.16], p = 0.05) (Table  3). Furthermore, the incidence of 
children requiring diabetic treatment/hospitalization 
within one year after birth was higher for women with 
endometriosis or POI (Additional file 1: Table S2).

Moreover, the other tested maternal factors (i.e. primi-
parity, obesity, smoking, and history of HBP or diabetes, 
with significant differences between groups of children, 
Additional file  1: Table  S3) were significantly associated 
with a higher overall risk of imprinting-related diseases 
in the multivariate analysis (Table  4). The youngest and 
advanced-maternal-age women were also at high risk 
(Table 4).

Discussion
This unique and large cohort follow-up study made it 
possible to determine that the risk of imprinting-related 
disorders was 43% higher in children conceived through 
IVF or ICSI cycles after fresh embryo transfers than for 
naturally conceived children. Even though our find-
ings are mostly consistent with the results of a previous 
review and meta-analysis, we found that the risks are 
much lower [11, 13]. In addition, we found that female 
infertility resulting from endometriosis could play a role 
in the increased risk. Overall, the risks of imprinting-
related diseases were mainly observed after treatments 
involving controlled ovarian hyperstimulation (COH).

Similar to our observations for imprinting diseases, 
previous studies have reported a reduced risk of sev-
eral birth defects (e.g. cardiovascular, musculoskel-
etal, and urogenital abnormalities) following embryo 
cryopreservation compared with fresh-embryo trans-
fer, either significantly [18] or as a trend [19, 20]. One 
possible explanation for the reduced risk of imprinting 
defects following cryopreservation is that the endome-
trium is not exposed to high levels of gonadotrophins, 
which may potentially impair trophoblastic invasion, 
notably through epigenetic changes, and contribute to 
placental dysfunction and the pathophysiology of dis-
ease [3, 21, 22]. Furthermore, no risk of imprinting dis-
eases was associated with intrauterine insemination in 
our cohort of children. However, by showing that the 
overall prevalence of congenital malformations was 
increased with increasing time to naturally-obtained 
pregnancy, Zhu and colleagues were the first to signal a 
possible association between infertility and congenital 
malformations [23]. The notion that infertility itself is 

Table 1 Risk of imprinting-related diseases according to mode of conception and type of female infertility in multivariate 
analysis

CI confidence interval, Fresh-ET fresh embryo transfer, FET frozen embryo transfer, IUI intrauterine insemination, NC natural conception, OR odds ratio, PCOS polycystic 
ovary syndrome, POI primary ovarian insufficiency
a Analyses were adjusted for maternal parameters: age, primiparity, smoking, obesity, history of high blood pressure or diabetes, and newborn sex

Total children Children with at least one 
imprinting-related disease

Adjusted  ORa 95% CI p

N N %

Mode of conception

 NC 3,417,089 3478 0.10 1

 Fresh‑ET 45,303 72 0.16 1.32 1.04 1.69 0.02

 FET 18,885 23 0.12 1.04 0.69 1.57 0.86

 IUI 20,218 22 0.11 0.97 0.63 1.47 0.87

Female infertility

 Endometriosis 37,398 59 0.16 1.38 1.06 1.80 0.02

 PCOS 6977 12 0.17 1.35 0.76 2.39 0.30

 POI 1411 5 0.35 2.42 0.99 5.91 0.05
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a risk factor for increased incidence of birth defects has 
also been put forward by other researchers [18, 24].

Previous epidemiologic studies have shown that ART-
conceived offspring could be at increased risk for rare 
imprinting disorders, for instance Beckwith–Wiede-
mann syndrome, with an estimated relative risk of 5.2 
[95% CI 1.6–7.4] [11]. However, for most of the popu-
lation-based studies exploring BWS, the risk was estab-
lished from voluntary registries [5, 7, 8, 25] and few 
were based on complete national registries [6, 26, 27] 
(Additional file 1: Table S1). In addition, among nation-
wide registries, two were based on imprinting disor-
ders registries (i.e. Gicquel et  al. in France [6]; Kallen 
et al. in Sweden [26]), and one was based on the Danish 

Table 3 Risk of NDM after ART and according to the type of female infertility in multivariate analysis

CI confidence interval, Fresh-ET fresh embryo transfer, FET frozen embryo transfer, IUI intrauterine insemination, NC natural conception, OR odds ratio, PCOS polycystic 
ovary syndrome, POI primary ovarian insufficiency
a Analyses were adjusted for maternal parameters: age, primiparity, smoking, obesity, history of high blood pressure, or diabetes

Total children Children with NDM Adjusted  ORa 95% CI p

N N %

Mode of conception

 NC 3,417,089 1438 0.04 1

 Fresh‑ET 45,303 38 0.08 1.58 1.13 2.21 0.008

 FET 18,885 10 0.05 1.04 0.56 1.96 0.89

 IUI 20,218 11 0.05 1.10 0.61 2.00 0.76

Female infertility

 Endometriosis 37,398 28 0.07 1.47 1.00 2.16 0.05

 PCOS 6977 6 0.09 1.39 0.62 3.13 0.42

 POI 1411 2 0.14 1.93 0.47 7.86 0.36
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Fig. 1 Prevalence of clinically diagnosed imprinting‑related 
diseases (a) and NDM (b) for children with mothers diagnosed 
with endometriosis or not according to the mode of conception. 
Fresh-ET fresh embryo transfer, FET frozen embryo transfer, NC natural 
conception, NDM neonatal diabetes mellitus

Table 4 Risk of  clinically diagnosed imprinting-related 
diseases for adjustment variables in multivariate analysis

95% CI confidence interval, HBP high blood pressure, OR odds ratio, y years
a Analyses were adjusted for infertility status and mode of conception

Adjusted  ORa 95% CI p

Maternal age (y)

 < 20 1.25 1.03 1.52 0.03

 20–29 0.96 0.90 1.03 0.29

 30–39 1

 ≥ 40 1.58 1.38 1.82 < 0.001

Primiparity 1.28 1.19 1.37 < 0.001

Obesity 1.40 1.23 1.60 < 0.001

Maternal smoking 1.24 1.07 1.43 0.005

History of HBP 4.45 3.69 5.36 < 0.001

History of diabetes 1.68 1.28 2.20 < 0.001

Sex of the newborn

 Female 1

 Male 1.13 1.06 1.20 < 0.001
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registries from a relatively small number of ART chil-
dren (6052 children born after IVF/ICSI) [27].

Therefore, even though our study presents some weak-
nesses, such as the inability to take into account male 
infertility, the type of in  vitro fertilization method, and 
the embryo stage at transfer, it also has several strengths. 
It includes a large cohort of singleton children, it is not 
restricted to the four imprinting disorders, and it takes 
into account multiple potential maternal confounding 
factors. Another strength of the current study is the use 
of a single national population registry with ascertain-
ment of defects from birth to a child’s first birthday or 
later. However, for some extremely rare syndromes, the 
number of cases may be too small reliably conclude that 
there was no difference between groups. Likewise, for 
childhood cancers involving imprinted genes (i.e. ret-
inoblastoma or neuroblastoma) even though our find-
ings were in line with the literature (Additional file  1: 
Table S1), longer follow-up is needed to be certain of the 
absence of risk after ART. Finally, the recorded disorders 
in our national health databases are based on diagnostic 
features. The data does not in any way correspond to a 
molecular diagnosis, which is the only way to identify the 
molecular mechanism involved in the aetiology of the 
disorder. However, it is unlikely that our findings are due 
to biases in reporting or follow-up, which are completely 
independent from the mode of conception.

In view of the results obtained in this comprehen-
sive cohort follow-up study, we propose that underlying 
maternal infertility, particularly due to endometriosis, 
could also contribute to the increased risk of imprinting-
related disorders associated with ART. We determined 
that this risk was 38% higher in children whose moth-
ers were diagnosed with endometriosis than in children 
whose mothers did not have endometriosis. Further 
research is needed to evaluate whether the classification 
of endometriosis or its association with adenomyosis has 
a specific effect on this risk. Interestingly, some evidence 
suggests that epigenetics plays a role not only in the 
development of endometriosis–adenomyosis lesions but 
also in the heritability of the condition [28].

Epigenetic processes control numerous major cellu-
lar functions that occur during development, includ-
ing changes in gene expression. Most autosomal genes 
are expressed from both alleles, but imprinted genes 
are preferentially expressed from alleles inherited from 
mothers or fathers. The parent-specific expression of 
imprinted genes is directed by epigenetic marks (mainly 
DNA methylation), acquired in a sex-specific manner in 
gametes on regulatory sequences [29]. Then, after fertili-
zation, these parental imprinting marks are protected to 
avoid global embryo epigenetic reprogramming/demeth-
ylation [14]. Imprinted genes, even though they account 

for small number of human genes, exert crucial roles in 
embryonic/foetal development including placentation 
[30], postnatal metabolic pathways, and behaviour asso-
ciated with the control of resources [31]. Other novel 
findings reported in the current study are that maternal 
features (i.e. smoking, obesity, history of HBP or diabe-
tes) were independently associated with an increased risk 
of imprinting-related diseases. Remarkably, primipar-
ity and young and advanced maternal age also appeared 
to increase risk. In accordance with our observations, 
septo-optic dysplasia, which is rarely linked to a genetic 
cause, has also been associated with primiparity, young 
maternal age and prenatal exposure to smoking [32, 33]. 
The underlying aetiology of this condition is likely nutri-
tional or environmental, suggesting the potential role 
of epigenetic factors [34]. Another hypothesis for this 
increased risk in the children of young mothers is that 
young women may be less likely to take vitamins during 
the periconceptional period, especially folic acid supple-
mentation which known to be fundamental in cellular 
biosynthesis and DNA methylation pathways [35, 36]. 
Concerning advanced maternal age, Hara-Isono et  al. 
recently reported that in Japan ART performed on moth-
ers aged ≥ 30 is likely to facilitate epimutation [37]. How-
ever, they could not statistically determine whether the 
effect was caused by ART or the confounding effect of 
advanced maternal age at conception.

These statements reinforce the concept that the mater-
nal environment can affect foetal development, likely 
through the effect on the regulation of imprinted genes, 
primarily in the placenta [2]. We can speculate that the 
control of these maternal parameters could preserve the 
appropriate early regulation of imprinting, which could 
potentially reduce diseases.

Interestingly, NDM was the condition that was most 
strongly associated with fresh embryo transfer and endo-
metriosis in our results. NDM, which is characterized by 
hyperglycaemia in the neonatal period, associates growth 
retardation and hypoglycaemia. It is called transient 
(TNDM) when it remits during infancy (in about half 
of children affected by hyperglycaemia), and recovery 
occurs before 18 months in approximately 50% of these 
infants. However, infants with TNDM are more prone to 
developing type 2 diabetes later in life. The dysregulation 
of two imprinted genes (PLAGL1 and HYMAI) involved 
in most of the cases is a probable mechanism. These 
genes are located at the 6q24 region. PLAGL1 encodes a 
zinc finger protein which controls cell cycle and apopto-
sis and enhances insulin secretion, functioning as a regu-
lator of pancreatic β-cells [38, 39]. Furthermore, PLAGL1 
and HYMAI are also described as the main regulators of 
the imprinted network involved in cellular growth and 
metabolism [40, 41]. TNDM results from a ‘double dose’ 
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of the paternal epigenotype (a twofold overexpression 
of PLAGL1/HYMAI). In the general population, pater-
nal uniparental disomy (patUPD6) is involved in 40% 
of cases, paternal chromosome duplication in 32% of 
cases, and hypomethylation at the maternal allele of 6q24 
region in 28% [39].

To our knowledge, the underlying molecular mecha-
nism of NDM after ART has not been specifically stud-
ied, but, like for BWS, the loss of methylation might be 
more frequent after ART. Further studies are needed to 
establish whether the deregulation of imprinted genes 
that occurs in ART children with NDM is caused by epi-
genetic or genetic mechanisms. All of the imprinting-
related disorders studied here could potentially be linked 
to genetic abnormalities, but only the results of such fur-
ther studies could shed light on the underlying molecular 
mechanisms, making it possible to develop clinical pre-
vention strategies.

Overall, this large population-based study shows that 
the risk of imprinting diseases, especially neonatal diabe-
tes mellitus, is increased in children conceived after fresh 
embryo transfers or from mothers with endometriosis. 
One speculative explanation for this observation is that 
controlled ovarian hyperstimulation, and thus poten-
tially endometriosis, induces perturbations in genomic 
imprinting by impairing endometrial receptivity and pla-
centation, leading to epigenetic feto-placental changes. 
Vast evidence suggests that the gestational environment 
has an impact on epigenetic mechanisms including 
imprinting, which can lead to harmful outcomes in the 
offspring [2].

These novel findings highlight the importance of tak-
ing into account the mode/process of conception and the 
type of infertility.

Methods
Data sources
This study was piloted by the ‘ART women and children 
health’ working group from the National Agency of Bio-
medicine. Data were extracted from the French National 
Health System database (Système National des Données 
de Santé—SNDS) (> 99% of national deliveries). Mothers’ 
records were merged anonymously with those of their 
newborns and with previous pregnancy-related hospi-
talizations. Deliveries for which the mother and child’s 
data were not linked and multiple births were excluded. 
The final cohort included 93% of all French deliveries. 
We thus conducted a comparative analysis of the cohort 
of singleton births (deliveries ≥ 22  weeks of gestation 
and/or > 500 g of birthweight) which occurred in France 
over a 5-year period (2013–2017) and resulting from 
fresh embryo or frozen embryo transfers (fresh-ET or 
FET from IVF and ICSI cycles), IUI and NC. Follow-up 

data for this cohort were available until early childhood 
(mean 2.5  years old [1–5]). During this period, a total 
of 3,501,495 singleton births were identified (including 
20,218 IUI, 45,303 fresh-ET, and 18,885 FET).

Data available in the hospitalization database were par-
ity, plurality, maternal age, active smoking during preg-
nancy, obesity, maternal history of diabetes (type-1 or 2) 
and high blood pressure, the diagnosis of endometriosis, 
PCOS and POI, the mode of conception, the term, weight 
and sex of the newborn.

This database contains anonymized patient informa-
tion and its access was legally approved.

Children defects involving imprinted genes
Data were extracted from the national health database. 
Malformations were classified according to the WHO 
ICD-10 codes. We monitored several syndromes and 
diseases diagnosed on clinical features by paediatricians 
(and not genetic testing) but for which altered expres-
sion of imprinted genes are associated: Beckwith–Wiede-
mann (BWS), Silver–Russell (SRS), Prader–Willi (PWS), 
and Angelman (AS) syndromes, pseudohypoparathy-
roidism type Ib, neonatal diabetes mellitus (NDM), syn-
dromes affecting the imprinted region of chromosome 
14q32 (Temple and Kagami-Ogata syndromes), neuro-
blastoma and retinoblastoma (description of phenotypes 
and related imprinted genes is available in the Additional 
file 1: Table S1). In the following manuscript, we will refer 
to the syndromes by their names rather than the ICD-10 
codes linked to them. Some children could have more 
than one disease diagnosed. For NDM newborns (charac-
terized by hyperglycaemia in the neonatal period requir-
ing insulin therapy and persisting for more than 2 weeks), 
we identified a subset of children who were prescribed 
medication or hospitalized for diabetes within one year 
after birth.

Statistical analyses
Univariate and multivariate analyses were performed 
using logistic regression models to analyse the effect of 
ART conception and type of female infertility on the risk 
of imprinting disorders. Univariate analysis was used to 
compare the number of observed and expected cases 
(established from data of the NC group). Standardized 
incidence ratios [SIR] estimated from the control group 
of spontaneous conception according to the reproduc-
tive method were performed using a Poisson regression 
model. In multivariate analyses, we first assessed the 
effects of the mode of conception (ART [IUI/fresh-ET/
FET] or NC) and other factors available in the hospitali-
zation database that could potentially affect epigenetic 
risk. These factors were parity, maternal age (catego-
rized in 10-year age groups), sex of the newborn, active 
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smoking, obesity, history of diabetes (type 1 or 2), and 
maternal high blood pressure (HBP). Secondly, in our 
multivariate model, we included the type of female infer-
tility (endometriosis, PCOS and POI), which provides 
estimates of the respective risk of the mode of conception 
and the type of female infertility adjusted for maternal 
parameters (age, primiparity, smoking, obesity, history of 
high blood pressure or diabetes), and newborn sex. Pre-
maturity can potentially increase the incidence of NDM. 
However, our sensitivity analysis showed no noticeable 
differences in the magnitude of the risk estimates when 
premature infants were excluded from the analyses (data 
not shown), so all data were entered into a single data-
base. The interactions between variables were tested, and 
we considered that a p-value < 0.05 provided evidence 
of a possible interaction. Adjusted odds ratios (aOR) 
and their 95% confidence intervals (CI) were estimated. 
Statistical analyses were performed using SAS 9.4 (SAS 
Institute Inc.). The significance level was set at a two-
tailed p-value of < 0.05.
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