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Abstract
Objective: To assess the efficacy and safety of prenatal dexamethasone treatment in 
offspring at risk for congenital adrenal hyperplasia.
Methods: MEDLINE, EMBASE, the Cochrane Library, the clinicaltrials.gov website 
databases were systematically searched from inception through March 2019. WMD 
and SMD with 95%CIs were calculated using random or fixed effects models.
Results: There was a significant reduction in virilization in the DEX-treated group 
(WMD: −2.39, 95%CI: −3.31,-1.47). No significant differences were found in newborn 
physical outcomes for birth weight (WMD: 0.09, 95%CI: −0.09, 0.27) and birth length 
(WMD = 0.27, 95%CI: −0.68, 1.21). Concerning cognitive functions, no significant 
differences in the domains of psychometric intelligence (SMD: 0.05, 95%CI: −0.74, 
0.83), verbal memory (SMD: −0.17, 95%CI: −0.58, 0.23), visual memory (SMD: 0.10, 
95%CI: −0.14, 0.34), learning (SMD: −0.02, 95%CI: −0.27, 0.22) and verbal processing 
(SMD: −0.38, 95%CI: −0.93, 0.17). Regarding behavioural problems, no significant 
differences in the domains of internalizing problems (SMD: 0.16, 95%CI: −0.49, 0.81), 
externalizing problems (SMD: 0.07, 95%CI: −0.30, 0.43) and total problems (SMD: 
0.14, 95%CI: −0.23, 0.51). With respect to temperament, no significant differences 
in the domains of emotionality (SMD: 0.13, 95%CI: −0.79, 1.05), activity (SMD: 0.04, 
95%CI: −0.32, 0.39), shyness (SMD: 0.25, 95%CI: −0.70, 1.20) and sociability (SMD: 
−0.23, 95%CI: −0.90, 0.44).
Conclusions: Prenatal DEX treatment reduced virilization with no significant differ-
ences in newborn physical outcomes, cognitive functions, behavioural problems and 
temperament. The results need to be interpreted cautiously due to the existence of 
limitations.
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1  | INTRODUC TION

Congenital adrenal hyperplasia (CAH) due to 21-hydroxylase 
deficiency is an autosomal recessive disorder affecting about 
1:10 000-1:15 000 newborns.1,2 CAH is caused in the majority of 
cases by mutations in the CYP21A2 gene that encodes the adrenal 
21-hydroxylase.3 This enzyme converts 17OHP to 11-deoxycorti-
sol and progesterone to deoxycorticosterone, which are precur-
sors of cortisol and aldosterone. The blockage of cortisol synthesis 
activates a negative feedback pathway, resulting in increased 
ACTH, more steroid precursor and increased adrenal androgen 
production. CAH is usually described as two clinical subtypes, 
classical and nonclassical, and classical CAH can be further clas-
sified as salt-wasting CAH and simple-virilizing CAH.1,4 Classical 
CAH virilizes the female foetus in utero due to excess androgens, 
manifested by the development of clitoromegaly, fusion of the la-
bioscrotal folds and formation of a common urogenital sinus, which 
may lead to difficulties in sex assignment and a need for plastic sur-
gery. Nonclassical CAH may have no symptoms or become appar-
ent in adult females with irregular menses, infertility or hirsutism, 
with a prevalence of about 1:1000.5

Dexamethasone (DEX), a synthetic glucocorticoid (GC), 
is chosen for prenatal treatment as a longer half-life, ability to 
cross the placenta and successfully suppresses foetal ACTH se-
cretion.6,7 DEX has been used for several decades to reduce fe-
male genital virilization and the need for reconstructive surgery.8 
Furthermore, antenatal DXM also aims to reduce social stigma 
due to female genital virilization and the emotional distress asso-
ciated with the birth of a child with atypical sexual development.9 
Prenatal treatment using DEX was first described in the 1980s.10 
The dose used is 20 µg/kg of the maternal prepregnancy weight, 
up to a maximum of 1.5 mg/d, divided into three doses per day 
and commenced around the seventh week of gestation. However, 
the dose of DEX used in the prenatal treatment of CAH will re-
sult in foetal GC levels estimated to be 30-60 times higher than 
normal.11 The foetus will have a 1:4 chance of having CAH as the 
inheritance of autosomal recessive diseases and a 1:2 chance of 
being female; therefore, only one in eight foetuses can benefit 
from antenatal DXM.12 Review of data from animal studies indi-
cates that prenatal dexamethasone decreases birth weight and 
placental weight, affects the HPA axis and brain development, as-
sociated with metabolic impairment.13 In human studies, prenatal 
dexamethasone exposure is associated with orofacial clefts and 
decreased birth weight, poorer verbal working memory, negative 
impact on self-perception of scholastic competence and social 
anxiety.14,15

According to the latest guidelines, prenatal DEX treatment re-
mains a controversial experimental treatment due to the safety 
issues.16 Although some studies have investigated long-term evalua-
tions of the risks and benefits of prenatal DEX treatment, the num-
ber is relatively small and the results are still contradictory.15,17-19 
A recent systematic review and meta-analyses evaluated the effi-
cacy and safety of prenatal DEX treatment for CAH were published 

in 2010, having limitations due to the small number of studies and 
subjects included.20 In addition, the number of new research about 
the efficacy and safety of prenatal dexamethasone treatment has 
been increased dramatically over time. Therefore, we conducted a 
systematic literature review and meta-analysis of the efficacy and 
safety of prenatal dexamethasone treatment in offspring at risk for 
CAH due to 21-hydroxylase deficiency.

2  | METHODS

This systematic review and meta-analysis were conducted in accord-
ance with PRISMA-2009 (Preferred Reporting Items for Systematic 
Reviews and Meta-analyses) and MOOSE (Meta-analysis of 
Observational Studies in Epidemiology) guidelines during all stages 
of design, implementation and reporting.21,22

2.1 | Search strategy

We performed the systematic review using MEDLINE (via PubMed), 
EMBASE, Cochrane Central Register and the clinicaltrials.gov web-
site from inception through March 2019. Search strategies were 
performed using MESH terms and free-text terms including ‘Adrenal 
Hyperplasia, Congenital’ ‘congenital adrenal hyperplasia’ ‘CAH’ ‘21 
hydroxylase deficiency’ ‘CYP21 deficiency’ AND ‘Dexamethasone’, 
limiting our search to human-subjects but without language limita-
tion. The reference lists of the retrieved articles were also reviewed 
to further identify potentially relevant studies. The detailed strategy 
is available in Appendix S1. All searches were independently per-
formed by two reviewers (Lizhen Xu and Junping Wen), and disa-
greements were resolved by discussion.

2.2 | Selection criteria

We reviewed the studies that evaluated the efficacy and safety of 
prenatal dexamethasone treatment in offspring at risk for congeni-
tal adrenal hyperplasia. For inclusion in our study, the studies were 
required to meet the following criteria: (a) participants: pregnant 
women and their offspring; (b) study: cohort or case-control design; 
(c) exposure: prenatal dexamethasone treatment and (d) outcome: 
the short-term outcomes contained virilization of affected female, 
newborn physical outcomes and the long-term outcomes consisted 
of cognitive function, behavioural problems and temperament. 
Prader score was used for assessing virilization, which ranges from 0 
(female external genitalia) to 6 (male external genitalia).23

2.3 | Data extraction

Two researchers (Lizhen Xu and Junping Wen) independently col-
lected the following data: (a) study (author, year); (b) region; (c) study 
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period; (d) number of DEX-treated and female in each group; (e) 
gestational age at initiation of DEX; (f) dosage and duration of DEX 
treatment; (g) age of children in each group and (h) evaluation con-
tents for the children. Discrepancies were resolved by consensus, 
involving a third investigator (Wei Lin).

2.4 | Quality assessment

The Newcastle-Ottawa quality assessment scale (NOS) was ap-
plied to assess the quality of the methodology in the included 
studies.24 The NOS scale consists of nine possible points follow-
ing these criteria: four points for selection, two points for com-
parability and three points for exposure/outcome assessment. 

Studies scoring 7-9 points, 5-7 points and 0-5 points were iden-
tified as high, moderate and low-quality studies, respectively. 
Two investigators (Lizhen Xu and Junping Wen) independently 
assessed its methodological quality, and discrepancies were re-
solved by discussion.

2.5 | Data synthesis and statistical analysis

For continuous outcomes, weighted mean difference (WMD) and 
standardized mean difference (SMD) with 95% confidence intervals 
(CIs) were calculated. When two or more studies presented possible 
overlap, the one with largest populations was included. However, 
the effect sizes of all studies are shown in tables summarizing the 

F I G U R E  1   A schematic flow diagram of studies’ search and retrieval process [Colour figure can be viewed at wileyonlinelibrary.com]
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original study results in order to provide information regarding 
whether the effect differed depending on sample size and the age 
of the children. When a study included two or more cohorts meas-
ured by the same test, their data were analysed as independent 
samples, and a main pooled effect size was performed.25 When 
the outcome consisted of more than one index within a study, 
based on the same  participants, the different indexes from the 
same outcome were combined for analysis, supposing the corre-
lation between them is 0.50.26 If there was insufficient data, the 
standard  deviation was estimated from the sample size, median, 
range or from the sample size, mean and p value.25,27 If there is sig-
nificant heterogeneity, a random effect model (DerSimonian-Laird 
method) was used to calculate the pooled effect; otherwise, the 
fixed model (Mantel-Haenszel method) was used. The I-squared 
(significance level, >50%) and Q statistic (significance level at P 
< .10) were used to assess heterogeneity among studies.28 The 
sources of heterogeneity were not further explored because the 
sample size of each subgroup was relatively small which may not 
have enough statistical power to explore the real association. As 
the number of included studies in each outcome was <10, the fun-
nel plot was not performed to assess the publication bias which 
may have limited power.29 All statistical analyses were performed 
using STATA, version 15.0 (Stata Corp).

3  | RESULTS

3.1 | Search results

The flow chart summarizing the process of study selection is 
shown in Figure 1. The search retrieved a total of 1981 articles. 
Of these, 572 were removed as duplicates, and after screening the 
titles and abstracts, 91 records remained. After a full-text review, 
73 records were excluded because they did not fulfil the inclusion 
criteria: 49 articles were reviews, case reports, commentaries, 
conference abstracts; 12 were not prenatal treatment, six focused 
other types of steroid such as prednisone, betamethasone; five 
outcomes of interest not reported or insufficient; one was single 
arm only. Finally, 18 articles met the inclusion criteria were in-
cluded in the synthesis.

3.2 | Characteristics

Table 1 shows the characteristics of the included stud-
ies.15,17-19,23,30-42 All included studies were cohort studies con-
ducted in diverse geographic locations: nine were from the USA, 
six were from Sweden, one was from Poland, and one was from 

Study

Selection Comparability Outcome

Score1 2 3 4 5 6 7 8 9

Lajic, 199832 ★ ★ ★ ★ ★ ★ ★ ★   8

Mercado,199530 ★ ★ ★ ★     ★ ★   6

New, 20017,34 ★ ★ ★ ★     ★ ★   6

New, 200335 ★ ★ ★ ★     ★ ★   6

New, 201038 ★ ★ ★ ★     ★ ★   6

New, 201223 ★ ★ ★ ★     ★ ★   6

Carlson,199933 ★ ★ ★ ★     ★ ★   6

Wallensteen, 201640 ★ ★ ★ ★ ★ ★ ★ ★ ★ 9

Wallensteen, 201842 ★ ★ ★ ★ ★ ★ ★ ★ ★ 9

Hirvikoski, 200715 ★ ★ ★ ★ ★ ★ ★ ★ ★ 9

Hirvikoski, 2008 37 ★ ★ ★ ★ ★ ★ ★ ★ ★ 9

Hirvikoski, 201139 ★ ★ ★ ★ ★ ★ ★ ★ ★ 9

Karlsson, 201741 ★ ★ ★ ★ ★ ★ ★ ★ ★ 9

Karlsson, 201819 ★ ★ ★ ★ ★ ★ ★ ★ ★ 9

Trautman, 199531 ★ ★ ★ ★ ★ ★ ★ ★   8

Meyer, 200436 ★ ★   ★     ★   ★ 5

Meyer, 201217 ★ ★   ★     ★ ★ ★ 6

Maryniak, 201418 ★ ★ ★ ★     ★ ★   6

Note: Black star means the eligible studies fulfilled the criteria of each numbered item within the 
Selection, Comparability and Outcome categories.
a1, Representativeness of exposed cohort; 2, Selection of nonexposed cohort; 3, Ascertainment 
of exposure; 4, Outcome present at start of study; 5, Study controls for and gender of children; 
6.Study controls for any additional important factor:parental educational level, parental 
socioeconomic status, geographic areas; 7, Assessment of Outcome; 8, Length of follow-up; 9, 
Adequacy of follow-up 

TA B L E  2   Quality assessment of 
included studies by Newcastle-Ottawa 
Scalea



     |  115XU et al.

Sweden and Norway. Gestational age at initiation of DXM ranged 
from 6 to 10 weeks. The dosage of antenatal DXM in almost stud-
ies is 20 µg/kg of the maternal prepregnancy weight, up to a maxi-
mum of 1.5 mg/d. The children's neurocognitive development was 
assessed when they were aged between 0 and 24  years. Among 
all articles, seven provided data regarding feminization, two were 
eventually included for meta-analysis considering six papers from 
the same sample. The number of studies included in birth weight, 
body length and head circumference was 2, 2 and 1, respectively. 
A total of 11 studies evaluated the long-term effects of prenatal 
dexamethasone treatment, seven from Sweden, three from the USA 
and one from Poland. Table 2 shows the methodological quality of 
all observational cohort studies assessed using the NOS score, only 
nine studies scored ≥7.

3.3 | Postnatal assessment of virilization

As shown in Figure 2, Prader score obtained in two studies with a 
total of 77 patients (62 in the DEX-treated groups) was analysed by 
the random effect model.23,32 There was a significant reduction in 
Prader score in the DEX-treated group (WMD = −2.39, 95%CI: −3.31, 
−1.47). Significant heterogeneity between individual studies was ob-
served (I-squared = 68.5%, P = .087).

3.4 | Newborn physical outcomes

Birth weight, birth length and birth head circumference were incor-
porated into the assessment of newborn physical outcomes Table 3. 
As shown in Figure 3, two studies30,40 for birth weight with a total 
of 252 patients (DEX-treated, n = 118) and two studies30,40 for birth 

length with a total of 217 patients (DEX-treated, n = 101) were sepa-
rately synthesized by fixed model. There were no significant differ-
ences in the birth weight (WMD = 0.09, 95%CI: −0.09, 0.27), birth 
length (WMD = 0.27, 95%CI: −0.68, 1.21) in DEX-treated and un-
treated group. No significant heterogeneity was observed in birth 
weight (I-squared = 0.0%, P = .407) and birth length (I-squared = 0.0%, 
P = .495). Only one study involving 83 subjects (DEX-treated, n = 45) 
described head circumference and showed no significant difference 
between the DEX-treated group (35.17  ±  1.85  cm) and untreated 
group (38.00 ± 2.00 cm).30

3.5 | Cognitive functions

As shown in Figure 4 concerning cognitive functions, no significant 
differences were found in the domains of psychometric intelligence 
(SMD: 0.05, 95%CI: −0.74, 0.83), verbal memory (SMD: −0.17, 95%CI: 
−0.58, 0.23), visual memory (SMD: 0.10, 95%CI: −0.14, 0.34), learn-
ing (SMD: −0.02, 95%CI: −0.27, 0.22) and verbal processing (SMD: 
−0.38, 95%CI: −0.93, 0.17). There was significant heterogeneity in 
psychometric intelligence, and verbal memory with I-square values 
was 73.8% (P = .051) and 57.3% (P = .096), respectively.

3.6 | Behavioural problems

As shown in Figure 5 regarding behavioural problems, no significant 
differences were discovered in the domains of internalizing prob-
lems (SMD: 0.16, 95%CI: −0.49, 0.81), externalizing problems (SMD: 
0.07, 95%CI: −0.30, 0.43) and total problems (SMD: 0.14, 95%CI: 
−0.23, 0.51). Heterogeneity may exist for internalizing problems 
with I-square value was 54.9% (P = .136).

F I G U R E  2   Prader score [Colour figure can be viewed at wileyonlinelibrary.com]

NOTE: Weights are from random effects analysis

Overall  (I2 = 65.8%, P = .087)

Lajic (1998)

ID

New (2012)

Study

–2.39 (–3.31, –1.47)

–3.00 (–4.04, –1.96)

WMD (95% CI)

–2.03 (–2.41, –1.65)

100.00

36.99

Weight

63.01

%

Prader score

0–4.1 –2.39 0

www.wileyonlinelibrary.com
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3.7 | Temperament

As shown in Figure 6 with respect to temperament, we found no 
significant differences in the domains of emotionality (SMD: 0.13, 
95%CI: −0.79, 1.05), activity (SMD: 0.04, 95%CI: −0.32, 0.39), shy-
ness (SMD: 0.25, 95%CI: −0.70, 1.20) and sociability (SMD: −0.23, 
95%CI: −0.90, 0.44). Except the activity, there were significant het-
erogeneity in emotionality, shyness and sociability with I-square val-
ues were 81.4%% (P = .021), 82.3% (P = .018) and 65.7% (P = .088), 
respectively.

3.8 | Publication bias

Publication bias was not assessed by the funnel plot or Egger's test 
due to the small number of studies under each outcome. However, 
the studies cited for meta-analysis, nine are from New York and 
seven are from Sweden. The New York cohort is considerably larger 
compared with the size of the Swedish cohort, which would suggest 
reporting and/or publication bias.

4  | DISCUSSION

This systematic review and meta-analysis were performed to fur-
ther evaluate the short-term and long-term effects of prenatal DEX 
treatment on offspring due to controversial outcomes and increasing 
relevant literature. Our study was the first meta-analysis of a com-
prehensive quantitative assessment of the short-term and long-term 
effects in prenatal dexamethasone. Overall, this study showed that 
prenatal DEX treatment reduced virilization with no significant dif-
ferences in newborn physical outcomes, cognitive functions, behav-
ioural problems and temperament.

Further surgical treatment is needed due to the masculinization 
of female genitalia, but there are related limitations in so-called 
‘feminization’ surgery. It is likely that clitoral sensitivity may be af-
fected owing to a reduction in clitoral size, and vaginal opening 
may require revision at puberty or at the start of sexual life.43 It 
is therefore understandable that prenatal DEX treatment as non-
surgical replacement therapy can be considered to reduce female 
masculinization. The results of this article are in line with the previ-
ous meta-analysis from 2010 that have suggested improvement in 
virilization and thereby reducing the need for surgery.20 In France, 
based on the efficiency of this treatment reported over the last 
30 years, indicated that most CAH-affected females who received 
DEX treatment at an early stage of gestation have a normal female 
genital phenotype and do not require corrective genital surgery.44 
It should be noted that the trial was not included in our study due 
to be a one-arm study. In a theoretical cohort of 1,000 women 
showed that initiation of empiric dexamethasone before 6 weeks 
gestation was the cost-effective strategy resulting in fewer af-
fected female infants and fewer surgical corrections.45 In addi-
tion, we found that among the CAH-affected foetuses, the most St
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frequent mutation was the intron 2 splice mutation.32,34 Excluding 
poor compliance (one case), in DEX-treated foetuses, patients with 
intron two splice mutation (two cases) had Prader scores of about 
1-2, while patients with other genotypes (three cases) had normal 
Prader scores.32 Whether the type of intron two splice mutation 
genotype is more ineffective for DEX treatment needs further 
confirmation.

We also paid attention to postnatal growth, which was often 
overlooked in previous reviews, but studies have shown that re-
duced birth weight may be a risk factor for the development of 
chronic disorders later in life.46,47 With respect to birth weight, 
length, head circumference and no significant differences were 
found between prenatal DEX-treated and an untreated group from 
our study. A retrospective study based on Swedish reference values 
for height and head circumference and British reference values for 
weight showed that DEX treatment did not have any negative ef-
fect on foetal growth. In addition, no significant differences could 
be observed in the longitudinal follow-up of growth and develop-
ment at the ages of 3 months, 1 year and 4 years.32 Other clinical 
trials have found that prenatal DEX treatments led to lower birth 
weight.48,49 As the objects of treatment were premature pregnant 
women, it may be difficult to distinguish between effects of prenatal 
treatment and adversities related to preterm birth itself. Studies in 
rats have demonstrated a lower birth weight after prenatal DEX ex-
posure,50,51 but rodent species are more vulnerable to the effects of 

DEX; therefore, the teratogenic effects may not be directly applica-
ble to the plausible effects in humans. However, it cannot be ignored 
that Rodents are not the only species in which adverse after-effects 
of prenatal glucocorticoids have been observed. Although several 
adverse events of growth and development have been observed,32 
most children show normal prenatal and postnatal growth. Our re-
search needs to be interpreted cautiously because the number of 
studies and the subjects included were rather small.

The long-term effects of prenatal DEX on offspring were still 
inconsistent from previous studies. Regarding cognitive function, 
two studies from Sweden found that prenatal DEX treatment 
has a negative impact on cognitive function, and DEX-treated 
girls exhibit poorer psychometric intelligence, executive func-
tions and visual-spatial working memory performance.40,41 These 
effects appeared to be sex-dimorphic because they were more 
pronounced among girls who have a broader impact on cognition 
overall.40 However, studies from the USA did not reveal differ-
ences between DEX-treated and untreated subjects regarding 
the cognitive outcome.31,36 In addition, improvements in verbal 
working memory and impulse inhibition were found over time.19 
For CAH-unaffected children, the effect of prenatal DEX treat-
ment seemed to be unfavourable, manifested as poorer working 
memory, scholastic competence and increased social anxiety.15 
What's more, a study from Poland also found similar outcomes 
in the CAH-unaffected treated girls as poorer visual perception, 

F I G U R E  3   Newborn physical 
outcomes [Colour figure can be viewed at 
wileyonlinelibrary.com]
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analysis of spatial material and visual memory tasks.18 The oppo-
site results were observed in DEX-treated CAH-unaffected girls, 
slower mental processing was found by Meyer17 when evalu-
ated with K-ABC, conversely, better cognitive performance was 
found by Maryniak18 when evaluated with WAIS-R-PL, WISC-R. 
In response to behavioural problems, a study from the USA found 
higher internalizing and total problem scores when the observed 
population was 2-3 years old.31 However, from Swedish studies, 
no differences were found  in behavioural problems when as-
sessing children older than 7  years old.15,19,37,40,42 The same re-
sults were observed in a study from Poland as the average age 
of children included was 11.9 years old.18 Moreover, DEX-treated 
CAH-unaffected boys showed more neutral behaviours than 
controls evaluated by KI-GRB.39 With respect to temperament, 
higher scores on shyness and emotionality but lower scores on 
sociability were revealed for DEX-exposed children (mean age: 
2.5  ±  1.3  years).31 Nevertheless, the opposite result has been 

discovered that DEX-treated children (mean age: 11.9 years) ex-
hibited higher scores on sociability.18 No effects of prenatal DEX 
treatment on temperament was found with the increasing number 
of included patients.42

No significant differences were found in newborn physical out-
comes, cognitive functions, behavioural problems and temperament. 
However, due to the rather small number of included studies and 
sample size as well as the significant heterogeneity between stud-
ies, our results need to be interpreted cautiously. As expected, the 
following factors may account for the heterogeneity: region, the 
age of children, CAH affected, quality of the included study, types 
and sensitivities of assessment scales. The sources of heterogeneity 
were not further explored because the sample size of each subgroup 
was relatively small, which may not have enough statistical power to 
explore the real association.

Due to the limitations of the study, our study cannot completely 
deny the long-term effects of prenatal dexamethasone on offspring. 

F I G U R E  4   Cognitive functions [Colour figure can be viewed at wileyonlinelibrary.com]

NOTE: Weights are from random effects analysis
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According to Barker hypothesis,52 the hormonal and nutritional con-
ditions in utero make children susceptible to various diseases in adult 
life. Studies from humans and animals have shown that elevated lev-
els of GCs in utero are associated with increased risk of affective 
disorders.53 Then, alterations of the hypothalamic-pituitary-adrenal 
(HPA) axis may play an important role. It is hypothesized that many 
of the persistent effects of foetal programming events throughout 
life are mediated by alterations in the hypothalamic-pituitary-adre-
nal (HPA) axis. Prenatal DEX treatment was found to alter the HPA 
axis at critical stages of childhood development.54 In a follow-up 
study of DEX-exposed children, the increased response of cortisol 
to psychosocial stress was observed, indicating an imprinting effect 
on the HPA axis.55 In addition, another point of view is the effects 
on developing brain. Glucocorticoid receptor (GR) is highly ex-
pressed in neurons in the amygdala, hippocampus and the prefrontal 
cortex,56,57 which are important for executive function, emotional 
regulation and memory,58,59 leading these brain areas susceptible 
to DEX. A plausible mechanism is that the activation of GR by DEX 
may inhibit the proliferation of neural progenitor cells.49 Last but not 
least, altered DNA methylation may be one plausible mechanism. It 
is possible that alterations in DNA methylation and the cause of foe-
tal programming are involved in prenatal DEX treatment, adapting 
genomic programmes for long-term effects on human health.60

4.1 | Adverse outcomes

Adverse outcomes extend well beyond cognition and behaviour. 
Orofacial clefts have been discovered in human studies by evidence-
based medical evidence.16 While in animal experiments, rare dys-
genesis, impaired development in thyroid,16 ovary61 and long bone62 
have been observed. In addition, reduced pancreatic b cell numbers, 
impaired glucose tolerance, increased systolic and diastolic blood 
pressure, increased lipid accumulation were also observed in animal 
models.16 We should note that Sweden has adopted a moratorium on 
prenatal DEX treatment. And the latest guidelines recommend prena-
tal DEX treatment as an experimental treatment.16 Moreover, the US 
FDA does not designate DEX as a safe drug in early human pregnancy.

4.2 | Limitations

There are several limitations to this study. First, the included studies 
all were observational studies and more than half of the research 
with moderate quality. Second, all of the mentioned studies are rela-
tively small and many subjects are duplicated in serial publications 
from New York and Sweden due to overlapping time periods. Third, 
there is not a single universally accepted scale for the measurement 

F I G U R E  5   Behavioural problems [Colour figure can be viewed at wileyonlinelibrary.com]

NOTE: Weights are from random effects analysis
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of long-term effects, result in lacking consistency in comparisons 
between studies. And the correlation among indexes from the same 
outcome is unknown, supposed the correlation is 0.50 may lead to 
an error in the estimation of the variance. Fourth, follow-up time 
and loss of follow-up rate were not clear in each retrospective study. 
Outcomes of the current study were based on young people, the 
final level of education and achieved a level in career paths at later 
stages are still unclear. Fifth, the relationship between confounding 
factors (region, age of children, CAH affected, quality of the included 
study, types and sensitivities of assessment scales) has not been fur-
ther assessed, given the small number of studies. Last but not least, 
publication bias assessment was not conducted, which may bias the 
results towards a stronger reported association between prenatal 
dexamethasone treatment and the efficacy and safety in offspring.

5  | CONCLUSIONS

Prenatal DEX treatment reduced virilization with no significant dif-
ferences in newborn physical outcomes, cognitive functions, behav-
ioural problems and temperament. Given the obvious limitations, 

the results need to be interpreted cautiously. A multidisciplinary na-
tional strategy is required to optimize prenatal treatment.
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