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Background and purpose — Results from case-control studies of 
maternal age at conception and risk of idiopathic clubfoot have 
been inconsistent. We conducted a meta-analysis to determine 
whether there is any association between maternal age at concep-
tion and the morbidity of idiopathic clubfoot.

Methods — We searched PubMed-MEDLINE, EMBASE, 
and the Cochrane Library up to June 2015 and supplemented 
the search with manual searches of the reference lists of the 
articles identifi ed. 11 studies published between 1990 and 2015 
were pooled. We investigated heterogeneity in maternal age and 
whether publication bias might have affected the results.

Results — Compared to a control group, maternal age at con-
ception of between 20 and 24 years old was associated with an 
increased risk of occurrence of clubfoot (OR = 1.2, 95% CI: 1.1–
1.4). No such association was found for the age groups of  35, 
30–34, 25–29, and < 20 years. There was no heterogeneity in the 
age groups of  35, 30–34, and 20–24 years, moderate heterogene-
ity in the 25- to 29-year age group, and a large degree of hetero-
geneity in the group that was < 20 years of age. The prediction 
intervals for the age groups of 25–29 and < 20 years were 0.56 to 
1.3 and −0.39 to 2.4, respectively. We found no evidence of signifi -
cant publication bias.

Interpretation — From the results of this meta-analysis of 11 
studies, maternal age at conception between 20 to 24 years of age 
appears to be associated with an increased risk of occurrence of 
clubfoot.

■

The precise etiology and pathogenesis of idiopathic clubfoot 
remain unclear, and many possible hypotheses have been 
considered—such as neuromuscular, bone, connective tissue, 
and vascular factors (Miedzybrodzka 2003). Epidemiological 

studies have consistently found a higher prevalence of idio-
pathic clubfoot in males and in fi rst-born children, but the role 
of maternal age is unclear; the age of the mother has been 
reported to be either inversely or positively associated with 
clubfoot (Honein et al. 2000, Cardy et al. 2007, Dickinson 
et al. 2008, Kancherla et al. 2010), but other studies have 
found no association (Byron-Scott et al. 2005, Carey et al. 
2005, Moorthi et al. 2005, Pavone et al. 2012, Skelly et al. 
2002). This is of some interest, because the mean maternal 
age at conception has increased signifi cantly in most countries 
during the past 2 decades, especially in developed countries. 

We systematically evaluated the evidence from retrospec-
tive studies for the importance of maternal age at conception 
for the risk of idiopathic clubfoot, and quantifi ed any associa-
tion using meta-analysis.

Methods
Search strategy 
A literature search was carried out in PubMed-MEDLINE, 
EMBASE, and the Cochrane Library to identify the studies 
that assessed the association between maternal age at con-
ception and risk of idiopathic clubfoot. We identifi ed English 
language papers published before June 30, 2015, using the 
following search terms: “clubfoot” OR “talipes equinovarus” 
AND “maternal age”. Next, we carried out a manual search 
of the reference lists of retrieved papers to identify any other 
relevant studies. 

Inclusion and exclusion criteria
Studies were eligible if they met the following criteria: (1) 
defi nitive diagnosis of idiopathic clubfoot rather than other 
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congenital deformities; (2) case-control or cohort study; (3) 
reporting of the results of maternal age at conception rather 
than delivery; (4) data usable for extraction and analysis of 
the odds ratio (OR). If the results of a particular study had 
been reported more than once, we included the latest report 
(Figure 1). We excluded studies that were otherwise eligible 
but which provided information on subjects with clubfoot that 
had been diagnosed and attributed to a known etiology, fi eld 
detect, sequence, or syndrome. Papers written in languages 
other than English, French, German, Italian, and Spanish were 
also excluded.

Quality assessment
The quality of a study was assessed with the 9-star Newcastle 
Ottawa Scale (Wells et al. 2000). 9 stars meant a full score, 
and a score of  6 stars was considered to be of high qual-
ity. The quality of case-control studies was assessed according 
to the following considerations: adequate defi nition of cases, 
representativeness of cases, selection of controls, defi nition of 
controls, control for the most important factor or the second 
important factor, exposure assessment, same method of ascer-
tainment for all subjects, and non-response rate. The median 
study score of the 11 studies included was 7 (6–8) (Table 1, 
see Supplementary data).

Data extraction
The following data were extracted from each report: the last 
name of the fi rst author, the year of publication, the type of 
study design, the country or state, the time when the study was 
performed, maternal age (including details of the assessment), 
the odds ratio (OR), the corresponding 95% confi dence inter-
val (CI), and confounding factors.

Statistics
For the studies included, we determined the pooled OR with 
95% confi dence interval (CI) for the maternal age groups 
versus control groups. Statistical heterogeneity was evaluated 

with the I2 statistic (Higgins and Thompson 2002): I2 > 50% 
was considered statistically signifi cant (Hedges and Pigott 
2001). Here, we chose a random effects model to calculate the 
pooled OR and CI for more conservative results. If there was a 
moderate or large degree of heterogeneity between the studies 
included (with I2 > 25% as a guide (Higgins et al. 2003)) , we 
calculated a prediction interval considering the potential effect 
within an individual study setting (Riley et al. 2011). We used 
visual inspection of funnel plots, Egger’s test, and Begg’s test 
to determine whether publication bias might have affected the 
statistical results (Begg et al. 1994, Egger and Smith 1998). 
All statistical analyses were conducted using Revman 5.3.5 
(The Nordic Cochrane Centre, Copenhagen, Denmark) and 
Stata 12.0. Any p-value of < 0.05 was considered statistically 
signifi cant.

Results
Study characteristics
These studies were summarized according to the PRISMA 
statement checklist (Moher et al. 2009). A fl ow diagram of the 
search process is shown in Figure 1. 232 articles were identifi ed 
through PubMed-MEDLINE, EMBASE, and the Cochrane 
Library. Of these, 5 duplicate articles were excluded, and a 
further 214 articles were excluded because they were review 
articles, case reports, or laboratory studies—or because they 
did not provide suffi cient information according to the inclu-
sion and exclusion criteria. After obtaining the full articles, 
we 2 other papers for using the same data (Olshan et al. 2003, 
Werler et al. 2013), leaving 11 articles that would be appropri-
ate for the meta-analysis (Table 2, see Supplementary data). 
The 11 articles included were all case-control studies. Of the 
studies selected, 6 were conducted in the USA (Alderman et 
al. 1991, Honein et al. 2000, Skelly et al. 2002, Dickinson et 
al. 2008, Parker et al. 2009, Werler et al. 2015), 1 in Western 
Australia (Carey et al. 2005), 1 in the UK (Cardy et al. 2007), 
1 in Vietnam (Nguyen et al. 2012), 1 in Peru (Palma et al. 
2013), and 1 in Turkey (Sahin et al. 2013). 6 of the 11 studies 
presented ORs and 95% CIs for maternal age at conception 
(Carey et al. 2005, Cardy et al. 2007, Dickinson et al. 2008, 
Parker et al. 2009, Sahin et al. 2013, Werler et al. 2015). All 
of the studies presented different age groups (i.e. age less than 
20, 20–24, 25–29, 30–34, and 35 or more years old) accord-
ing to different study designs—except for 1 by Honein et al. 
(2000), which presented only 1 age group of 35 or more years 
old. 

Group I ( 35 years of age)
9 case-control studies (Alderman et al. 1991, Honein et al. 
2000, Skelly et al. 2002, Carey et al. 2005, Cardy et al. 2007, 
Parker et al. 2009, Nguyen et al. 2012, Palma et al. 2013, 
Werler et al. 2015) were included in this age group for meta-
analysis and the ORs were compared with the reference group 

Medline
n = 84

Embase
n = 139

Cochrane library
n = 9

Potentially relevant studies
n = 232

Excluded (n = 221):
– duplicates, n = 5
– review articles, case reports, laboratory 
   studies, and studies with insufficient 
   information according to inclusion and 
   exclusion criteria, n = 214
– articles reporting more than once using 
   the same data, n = 2

Articles included in meta-analysis
n = 11

Figure 1. Selection of studies for inclusion in the meta-analysis of 
maternal age and risk of clubfoot, 1974–2015.
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for each study. There was no evidence to support an associa-
tion between maternal age of 35 or more years and increased 
risk of clubfoot (OR = 0.96, CI: 0.89–1.03; p = 0.3) (Figure 2, 
see Supplementary data). There was no signifi cant heteroge-
neity among the studies (p = 0.6, I2 = 0%). The corresponding 
funnel plot appeared symmetrical (Figure 3), and there was no 
evidence of signifi cant publication bias from Egger’s test (p = 
0.5) and Begg’s test (p = 0.9).

Group II (30–34 years of age)
4 studies (Skelly et al. 2002, Carey et al. 2005, Cardy et 
al. 2007, Werler et al. 2015) involving 4,754 mothers were 
included in the meta-analysis (1,525 in the clubfoot group and 
3,229 in the control group). There was no evidence to sup-
port an association between a maternal age of 30–34 years and 
increased risk of clubfoot (OR = 0.99, CI: 0.85–1.1; p = 0.9) 
(Figure 2, see Supplementary data). There was no signifi cant 
heterogeneity among the studies (p = 0.4, I2 = 0%). The funnel 
plot was symmetrical (Figure 3). Egger’s test and Begg’s test 
showed no evidence of signifi cant publication bias (p = 0.9 
and p = 0.7, respectively).

Group III (25–29 years of age)
5 studies (Skelly et al. 2002, Carey et al. 2005, Cardy et al. 
2007, Dickinson et al. 2008, Werler et al. 2015) had data from 
this age group that were usable for meta-analysis. No associa-
tion was found between a maternal age of 25–29 years and 
increased risk of clubfoot, with a pooled OR of 0.93 (95% CI: 
0.8–1.1; p = 0.3) (Figure 2, see Supplementary data). There 
was little heterogeneity among the studies (I2 = 27%, p = 0.2) 
and the 95% prediction interval was 0.56–1.3. The funnel plot 
appeared symmetrical (Figure 3). There was no evidence of 
signifi cant publication bias according to Egger’s test (p = 0.4) 
and Begg’s test (p = 0.2).

Group IV (20–24 years of age)
4 studies (Skelly et al. 2002, Carey et al. 2005, Dickinson et 
al. 2008, Werler et al. 2015) involving 9,094 mothers were 

included (1,729 in the clubfoot group and 7,365 in the con-
trol group). The studies were published between 2005 and 
2015. We calculated OR with corresponding CI according to 
the crude data reported. There was a signifi cant association 
between a maternal age of 20–24 years and the risk of club-
foot (OR = 1.2, 95% CI: 1.1–1.4; p = 0.006) (Figure 2, see 
Supplementary data). There was no signifi cant heterogeneity 
among the studies (p = 0.7, I2 = 0%). The funnel plot appeared 
symmetrical (Figure 3). No evidence of signifi cant publication 
bias was obtained from Egger’s test (p = 0.8) and Begg’s test 
(p = 0.7).

Group V (< 20 years of age)
6 case-control studies (Alderman et al. 1991, Carey et al. 
2005, Cardy et al. 2007, Dickinson et al. 2008, Sahin et al. 
2013, Werler et al. 2015) were used to calculate the pooled 
estimate for assessment of any association between a maternal 
age of < 20 years and the risk of clubfoot. However, no such 
association was found (OR = 0.9, 95% CI: 0.53–1.5; p = 0.7) 
(Figure 2, see Supplementary data). Signifi cant heterogeneity 
was found among the studies (I2 = 74%) and the 95% predic-
tion interval was −0.39 to 2.4. To investigate possible sources 
of heterogeneity among studies, we employed a sensitivity 
analysis of each study by the exclusion method. This did not 
change the results (I2 statistics from 59% to 79% and test for 
overall effect of p from 0.34 to 0.98). We did not conduct a 
subgroup analysis using the limited information from crude 
data provided by the studies included. No evidence of publi-
cation bias was found among the studies included, either by 
Begg’s test (p = 0.5) or by Egger’s test (p = 0.3), and no evi-
dence was obtained from funnel plot (Figure 3). 

Discussion

Whether or not maternal age is associated with the risk of club-
foot has been unlear. A recent population-based case-matched 
control study in Hungary from Csermely et al. (2015) showed 
a higher proportion of cases of clubfoot in offspring of moth-
ers in the youngest age group ( 19 years), and a borderline 
excess of cases in offspring of mothers of older age (i.e.  35 
years). Palma et al. (2013) reported an association between 
maternal age (of < 23 years) at conception and increased risk 
of clubfoot. Parker et al. (2009) also found that maternal age 
(of < 23 years) was associated with clubfoot. Similarly, a 
study by Nguyen et al. (2012) showed that young maternal 
age (of < 25 years old) was associated with increased risk of 
clubfoot. Dickinson et al. (2008) found a trend of increasing 
risk of clubfoot with decreasing maternal age, with women in 
the youngest age group (< 20 years) having the highest risk 
(OR = 1.6, 95% CI: 1.1–2.2) relative to women aged 30 or 
more. Multivariate analysis by Mahan et al. (2014) revealed 
that the strongest predictor in prenatal detection was a mater-
nal age of  35 years (OR = 3.5). 1 study showed a negative 

Figure 3. Funnel plots for different maternal age groups and the risk 
of clubfoot.
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correlation between occurrence of clubfoot and maternal age 
of > 35 years (Kancherla et al. 2010). Hollier et al. (2000) 
reported a higher risk of clubfoot, diaphragmatic hernia, and 
cardiac defects in mothers of older age. However, the opposite 
results—with no association between maternal age at concep-
tion and risk of clubfoot—have also been reported (Alderman 
et al. 1991, Cardy et al. 2007, Cardy et al. 2011, Honein et al. 
2000, Moorthi et al. 2005, Sahin et al. 2013).

The fi ndings from this meta-analysis of 11 case-control 
studies were that a maternal age of 20–24 years old at concep-
tion was statistically signifi cantly associated with increased 
incidence of clubfoot. There was a 20% higher risk of clubfoot 
than in the control group. We found no evidence that other 
maternal age groups were associated with an increased risk of 
clubfoot. We found no heterogeneity in maternal age groups of 
35 years or more, 30–34 years, or 20–24 years, moderate het-
erogeneity in the 25- to 29-year age group, and a large degree 
of heterogeneity in the age group of less than 20 years. The 
prediction intervals for the age groups of 25–29 years and less 
than 20 years both overlapped the OR value of 1. After sensi-
tivity analysis of these groups, the same results were observed, 
indicating that our meta-analysis was relatively stable. The 
source of heterogeneity in these 2 maternal age groups might 
be traced to different survey regions, racial variation, and con-
founding factors. 

A strength of our meta-analysis was the large number of 
cases included (n = 15,242 in the clubfoot group and 97,041 
in the control group). One limitation might be the possible 
effects of having only a small number of studies, as only 11 
studies were included. We did not fi nd any publication bias 
because of such effects, but Egger’s test is known to have 
low power when less than 20 studies are included in a meta-
analysis (Sterne et al. 2000). By not adequately controlling 
for confounders, our fi ndings may have been biased in either 
direction (i.e. an exaggeration or underestimation of the risk 
estimate).

A large degree of heterogeneity was found for the maternal 
age group of less than 20 years (I2 = 74%), but we did not con-
duct a subgroup analysis using the limited information from 
crude data provided by the studies included.

The risk of clubfoot may be attributed to sociodemographic 
factors, socioeconomic status, education status, social culture, 
and other factors. A possible explanation of why a maternal 
age of between 20 and 24 years of age would be associated 
with an increased incidence of clubfoot might be the fi rst-born 
baby boom period in this age group. Epidemiological stud-
ies have consistently found a higher prevalence of idiopathic 
clubfoot in primiparous mothers (Honein et al. 2000, Skelly 
et al. 2002, Carey et al. 2005). Our meta-analysis suggests 
that there may be a negative correlation between the risk of 
clubfoot and higher maternal age. The reason may be attrib-
uted to the birth of another baby in a family, which leads to a 
decreased clubfoot risk at 25 or older years of maternal age. 
It has been suggested that the higher the parity of a pregnant 

woman, the lower the risk of clubfoot in the baby (Carey et 
al. 2005, Dickinson et al. 2008, Kancherla et al. 2010). The 
low risk of congenital clubfoot in mothers less than 20 years 
old may be explained by the higher incidence of abortion and 
miscarriage in this age group. 

Supplementary data
Tables 1 and 2 and Figure 2 are available on Acta’s website 
(www. actaorthop.org), identifi cation number 9564.
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