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Abstract

Objectives: Mothers who smoke during pregnancy or while their children are small were common in some
populations. Epidemiological studies have tried to detect the effect of prenatal tobacco smoke (PTS), and childhood
environmental tobacco smoke (ETS) on puberty timing have not shown a consensus results. We aimed to examine
current evidence and estimate the associations between PTS or/and ETS and puberty timing.

Methods: Seven databases were searched from inception to May 2017. All the cohort studies examining the
associations between PTS and/or ETS and puberty timing were identified. Two reviewers independently screened all
studies, evaluated the quality of eligible studies, and extracted the data. The quality assessment of the eligible
cohort studies was based on the Newcastle-Ottawa Scale. Risk ratio (RR), standard mean difference (SMD), and 95%
confidence intervals (Cls) were calculated and pooled by CMA (Version 2.0, Biostat, Inc,, USA).

Results: Compared with controls, girls with PTS and ETS exposure have an earlier age at menarche (SMD — 0.087, 95%
C10.174 to — 0.000), and similar results were found in both PTS subgroup (SMD —0.097, 95% Cl —0.192 to — 0.002) and
prospective cohort subgroup (SMD —0.171, 95% Cl — 0.253 to —0.090). And number of boys with early voice break in
PTS group was significantly increasing than non-exposed boys (RR 1.34, 95% CI 1.29 to 1.40).

Conclusions: PTS exposure possibly decrease age of menarche of girls, and studies on boys were urgent needed.
Appropriate and comprehensive outcome measures using unified criteria to classify puberty should be reported in

future studies.
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Background

Advanced puberty timing has been subject to increasing
interest and concern worldwide during recent years.
There were evidences that early puberty was on the rise
among girls in many parts of the world, such as Gambia
[1], America [2-4], Western Europe [5], and for boys
were inconsistent [3, 6, 7]. Early menarche in girls was a
risk factor for the occurrence of morbid obesity, hyper-
tension as well as breast and endometrial cancer [8-11].
Recent study provided strong evidence that the younger
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girls were at menarche, the greater was their risk of prema-
ture and early menopause [12]. Although there were less
research in boys, a review suggests that early puberty was
also a strong risk factor for detrimental psychosocial out-
comes [13]. Factors affecting early puberty can be catego-
rized in two distinct ways: genetically determinant [14, 15]
and non-genetically determinant [16, 17].

Smoking, in some populations, has been a widely
spread non-genetic exposure, both during pregnancy
and childhood. And cigarette smoking exposure in-
cluded three forms: prenatal tobacco smoke (PTS),
childhood environment tobacco smoke (ETS), and both
PTS and ETS. In Australia, up to 80% of indigenous
women smoke during pregnancy in some communities
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[18]. Worldwide, almost half of children were exposed
to ETS [19]. Results on associations between three forms
of smoking exposure and puberty timing from the past
decade and more years were inconsistent. The study by
Fukuda 2013 [20] reported earlier menarche in relatively
young daughters with PTS exposure. However, finding
by Zhang 2014 [21] showed that PTS had no effect on
age of menarche of daughters. Kolasa 1998 [22] reported
an earlier age at menarche related to ETS exposure,
while Shrestha 2011 [23] found no association between
age at menarche and ETS.

Two existing reviews studied the relationship between PTS
exposure and puberty. Hakonsen 2014 [24] studied on rela-
tionship between PTS and reproductive health of adolescent
including pubertal development. This review qualitatively
summarized the results without meta-analysis, and it con-
cluded that results for girls were conflicting and the number
of studies for boys was sparse. Yermachenko 2015 [25] con-
ducted a meta-analysis based on both cross-sectional studies
and cohort studies to study the association between PTS ex-
posure and age of menarche. It suggested that pregnancy
smoking may decrease age at menarche.

In summary, evidences about relationship between
PTS or ETS with puberty timing were inconsistent and
have not been reviewed systematically so far; therefore,
it is necessary to conduct a systematic review and
meta-analysis to identify the associations between PTS
and/or ETS and puberty timing in both girls and boys.
This systematic review seeks to address this association
and highlight where more research might be needed.

Methods

Selection criteria

Inclusion criteria: we included all the cohort studies
examining relationship between PTS and/or ETS with
puberty timing. In this study, since PTS exposure related
to pregnant women, we determined “participants” as
children, adolescents, and pregnant women; “exposures”
as PTS and/or ETS; “control” as not exposing to PTS
and/or ETS; “outcome measures” as the number of early
puberty events and the age at puberty events.

Exclusion criteria: (1) not relevant to early puberty
timing or precocious puberty; (2) other language except
English and Chinese; (3) repetitive research (different
articles published from the same study were considered
as one study).

Search strategy

We searched publications from inception to May 2017 by
an electronic search among seven databases including
PubMed, ISI Web of science, OVID, EBSCO, VIP Database
for Chinese Technical Periodicals, WangFang Data and
Chinese National Knowledge Infrastructure databases,
using both the MeSH terms and free terms “puberty” or
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“puberty timing” or “pubertal timing” or “pubertal develop-
ment” or “precocious puberty” or “sexual precocity” or “sex-
p p p
ual prematurity” or “sexual maturation” or “menarche” or
“Tanner stages” or “thelarche” or “pubarche” or “spermarche”
or “spermatorrhea” or “nocturnal emission” or “testis”, in
combination with “maternal exposure” or “prenatal expos-
7 “ 3 ” [ 7
ure” or “prenatal smoking” or “prenatal tobacco smoke” or
“ ” “s R [ i3 . ”
PTS” or “in utero exposure” or “passive smoking” or
“environmental tobacco smoke” or “ETS.” All the retrieved
publications were imported into reference-managing soft-
ware (EndNote, version X7, Thomson Scientific, Stamford,
CT, USA) to complete the duplicate check.

Data screening and extraction

Two reviewers (YC, WL) independently screened all the re-
trieved literatures by title, abstracts, and then full texts using
above inclusion criteria. Cross-checking was implemented
for accuracy, and differences were resolved by discussing
with the third reviewer (QL) to reach an agreement.

Data extracted from included studies by using a
pre-designed extraction form were as follows: (1) general
information, including authors, publication year, re-
search area; (2) study design; (3) participants characteris-
tics, and sample size; (4) outcomes, mode, and level of
tobacco exposure; (5) other factors affecting outcomes.

Risk of bias assessment

Two reviewers (YC, WL) independently evaluated the
methodology quality of each eligible study according to a
pre-established assessment form based on Newcastle-Ottawa
Scale [26], which distributed a score of total 9 points for each
study following the criteria: 4 items for selection, 1 item for
comparability, and 3 items for outcome assessment. In selec-
tion and outcome categories, at most one score can be
awarded to a study for each item, but for comparability, two
scores can be awarded. Studies were divided into three
grades by total scores, including grade A (scored 7-9, high
quality), grade B (scored 4—6, moderate quality), and grade C
(scored 0-3, low quality) [27]. Differences were resolved by
consulting with a third reviewer (QL).

Statistical analysis

Meta-analysis was conducted by Comprehensive
Meta-Analysis (Version 2.0, Biostat, Inc., USA). The out-
comes of continuous and dichotomous variables were
estimated as standardized mean difference (SMD) and
relative risk (RR) with 95% confidence intervals (Cls),
respectively. Heterogeneity among the results of the
included studies was checked by chi-square based Q test
and I test. When p < 0.05 or I* > 50%, heterogeneity was
considered and random effects model was used. Other-
wise, Manter—Haenszal fixed-effects model was used.
Results went for statistically significant when p value less
than 0.05. We qualitatively described the main findings
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of included studies whose data cannot be extracted or
which cannot be included in meta-analysis.

We conducted subgroup analysis based on exposure
time (PTS and ETS), different PTS exposure levels in girls
(1-9cigarettes/day, 10-19 cigarettes/day, and >20 ciga-
rettes/day), cohort category (prospective cohort study and
retrospective cohort study), and different definitions of
early menarche. For stabilization of the results, we used
the leave-one-out approach to conduct sensitivity analysis
of all the outcome analyses. Since the amount of included
studies did not reach the quantity requirement, we did not
estimate the publication bias [28].

Results

Search results

Among 7532 records identified from the seven databases
and 30 records tracked from the correlative references, a
total of 20 studies reported in 21 articles [23, 29—-48] met the
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inclusion criteria were included in the qualitative synthesis.
Of which, six studies cannot be included in meta-analysis;
therefore, 14 studies were included in the meta-analysis
finally through a strict screening process (Fig. 1).

Characteristics of included studies

Table 1 presents the main characteristics of included
studies. All the included studies were published between
2004 and 2017, with the sample size ranging from 698
to 98,995. Among those 20 studies, 8 studies were con-
ducted in the USA, 4 were in Denmark, 3 in UK, 2 in
Australia, and the other 3 studies were conducted in
Iran, Canada, and France, respectively. All studies were
cohort studies, of which, 16 were prospective and 4 were
retrospective cohorts. Thirteen studies assessed age at
menarche as main outcome, 5 studies reported numbers
of girls with early menarche as main outcome, 1 study
reported number of girls reached menarche, 4 studies

After duplicates
removed (n=1,545)

Potentially relevant publications from
electronic database search (n=7,532) :
- PubMed (n=1487)
- ISI Web of science (n=4807)
- OVID (n=592)
- EBSCO (n=81)
- VIP Database for Chinese
Technical Periodicals (n=192)
- WangFang Data (n=65)
- Chinese National Knowledge

Infrastructure databases (n=308)

\ 4

Through other sources (n=33)

Screening by titles and
abstracts (n=6,020)

Excluded (n=5,975) :
inappropriate study design (n=33)
duplicates (n=11)

irrelevant to early puberty timing
(n=5,848)

irrelevant to PTS or ETS (n=83)

v

Review the full texts
(n=45)

A\ 4

20 studies (21 articles) were

included in qualitative

Excluded (n=24) :

inappropriate study design (n=4)
duplicates (n=10)

irrelevant to early puberty timing (n=4)
irrelevant to PTS or ETS (n=5)

Czech language (n=1)

l

14 studies were included in

quantitative synthesis

Fig. 1 Flow diagram of the literature search
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Table 1 Characteristics of Included Studies
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Study Country ~ Gender Age at baseline/age at End of Sample size? Exposure  PTS exposure Primary Cohort
follow-up surveys follow-up (expose/control®)  type® level outcomes category
Hakonsen Denmark Boys Prenatal/ 18-21 years old 858/1387 PTS Past smoker® Age at acne Prospective
2013 [29] 18-21 years old 1-9 cigs/day Age at voice break
10-14 cigs/day Age at regular shaving
215 cigs/day Age at first
nocturnal emission
Ernst Denmark  Girls Prenatal/ Onset of 129/220 PTS 1-9 cigs/day Age at menarche Prospective
2012 [30] 19-21 years old menarche 210 cigs/day
Windham  USA Girls Prenatal/ Onset of 832/722 PTSand <10 cigs/day Age at menarche Prospective
2008 [31] (1) up to 7 or 8 years old menarche ETS 10-19 cigs /day
(2) 20s or 27-33 years 220 cigs/day
Ferris USA Girls Prenatal/ Onset of C1:98/150 PTSand  1-9 cigs/day No. of girls with Prospective
2010 [32] (1) up to 7 years old menarche C2: 90/61 ETS 10-19 cigs/day early menarche®
Terry (2) 38-46 years old C3:95/61 2 20 cigs/day
2009 [33]
Behie Australia  Girls Prenatal/ 12-13 years old 222/1271 PTS Smoking most Age at menarche Prospective
2015 [34] 12-13 years old days; No. of girls reached
smoking menarche
occasionally
Windham  USA Girls Prenatal/ 16 or 17 years old  C1: 508/214, PTSand  1-9 cigs/day No. of girls with Prospective
2004 [35] (1) 5 years old C2:162/214, ETS 10-19 cigs/day early menarche’
(2) 9-11 years old C3:417/214 2 20 cigs/day
(3) 15-17 years old
Tehrani Iran Girls Prenatal/ Onset of 34/367 ETS Not mentioned Age at menarche Prospective
2014 [36] evaluated once menarche
every 3 years
Rubin UK Girls Prenatal/evaluated once 11 years old 368/2159 PTS Not mentioned No. of girls with Prospective
2009 [37] yearly from 8 to 11 years early menarche?
Shrestha  Denmark  Girls Prenatal/ Onset of 656/970 PTS and  Stop smoking Age at menarche Prospective
2011 [23] (1) 15-18 years old menarche ETS sometimes
(2) 18-21 years old during pregnancy;
1-9 cigs/day;
210 cigs/day
Maisonet UK Girls Prenatal/ Onset of 647/2657 PTS Not mentioned Age at menarche Prospective
2010 [38] 8-14 years old menarche Age at breast
development stage
>2and =3
Age at pubic hair
development stage
22 and =3
Fried Canada  Boys Prenatal/evaluated once  13-16 years old Not mentioned ~ PTS Up to 16 mg Age at menarche Prospective
2001 [39] and yearly up to 8 years, nicotine/day; Age at breast began
qirls thereafter, every 3 years 216 mg to develop
nicotine/day Age at start shaving
Age at voice break
Wang USA Girls Prenatal/evaluated Onset of 21/284 PTS Not mentioned Age at menarche Prospective
2012 [40] once yearly from menarche Age of breast
10 to 15 years old developmentstagel or
2and 3
Age of pubic hair
developmentstagel or
2and 3
Flom USA Girls Prenatal/ infancy, Onset of 647/443 PTS Not mentioned No. of girls with Prospective
2017 [41] early childhood menarche early menarche’
and adulthood
Dossus France Girls 40-65 years old/ - 802/75171 PTSand  Not mentioned Age at menarche Retrospective
2012 [42] Prenatal ETS
Hart Australia  Girls Prenatal/2, 6, 8, Onset of 47/184 PTS Not mentioned Age at menarche Prospective
2009 [43] 10, 13/14, and menarche No. of girls with
16/17 years old breast development stage3
No. of girls with pubic
hairdevelopmentstage2/3
Morris UK Girls 16-30 years old/prenatal - 630/5710 PTS Not mentioned Age at menarche Retrospective
2010 [44]
D'Aloisio USA Girls Not mentioned/prenatal - 11,029/21,067 PTS Not mentioned Age at menarche Retrospective
2013 [45]
Denmark  Boys Not mentioned/prenatal - PTS:1385/2101 Not mentioned Retrospective
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Table 1 Characteristics of Included Studies (Continued)
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Study Country  Gender Age at baseline/age at End of Sample size? Exposure  PTS exposure Primary Cohort
follow-up surveys follow-up (expose/control®)  type® level outcomes category

Ravnborg ETS:769/1332 PTS and No. of boys with
2011 [46] ETS early voice break

No. of boys with

early growth of penis

No. of boys with early

pubic hair development
Carter USA Girls Prenatal/ 14 years old 168/97 PTS Not mentioned Age at menarche Prospective
2014 [47] 14 years old
Liu USA Girls Prenatal/ Onset of 486/308 PTS 1-19 cigs/day No. of girls with Prospective
2010 [48] 147,18 years old menarche 220 cigs/day early menarche”

PTS prenatal tobacco smoke, ETS childhood environment tobacco smoke. C1 PTS/control, C2 ETS/control, C3 both PTS and ETS/control

BControl group: non-smoker group
“Exposure type included 3 types:(1) PTS, (2) ETS, (3) both PTS and ETS

9past smoker, included women who smoked before pregnancy or stopped sometime before 36th gestational week
Early puberty occurred was defined according to age at menarche, < 12 years for early menarche
fEarly puberty occurred was defined according to age at menarche, < 12 years for early menarche
9Early puberty occurred was defined according to age at menarche, < 11 years for early menarche
PEarly puberty occurred was defined according to age at menarche, < 11 years for early menarche

reported breast development, 4 studies reported pubic
hair development, and another 3 studies reported pu-
berty events in boys. Seventeen studies focused only on
girls, 2 studies were only on boys, and the other 1 in-
cluded both boys and girls. Data collection methods in
included studies contained questionnaires, clinical re-
cords, face-to-face interviews, and body measurements.
The exposure type in included studies contained PTS
exposure only, ETS exposure only, and both PTS and
ETS exposure. For the PTS exposure, the levels of ex-
posure were also extracted when possible.

Risk of bias in included studies

Thirteen out of 20 included studies were evaluated as
high-quality research, scored 7-9, while another 7 were
evaluated as moderate quality research, scored 6
(Table 2). All studies had adequate representativeness of
the exposed cohort, exposure ascertainment, and selec-
tion of control. All outcomes of interest were not pre-
sented at the start of prospective cohort study. For
comparability, 8 out of 20 studies considered both the
main confounding factors and others, like maternal BMI
and maternal age at menarche. Outcome assessments of
all studies were satisfied. Subjects of 12 prospective
studies were followed until the outcomes occurred, while
the other 4 studies were not followed up sufficiently.
Loss is inevitable in cohort study and 7 out of 16 pro-
spective cohort studies had a rate of lost to follow-up
below 20%.

Data synthesis
Age at menarche

Age at menarche in PTS or ETS group Data on age at
menarche of girls who exposed to PTS or ETS were pro-
vided in seven studies [23, 36, 38, 40, 42-44]. The
pooled data showed that age at menarche in girls with

PTS and ETS exposure (SMD - 0.087, 95% CI - 0.174 to
- 0.000, I* = 52.813%, 87,309 girls) was significantly lower
than control group, and similar results were found in
PTS subgroup (SMD - 0.097, 95% CI - 0.192 to - 0.002,
PP =67.069%, 86,153 girls). There was no significantly
difference in age of menarche between ETS subgroup
(SMD -0.037, 95% CI - 0.251 to 0.177, I* = 0.000%, 1156
girls) and control group. The random effects model was
adopted because of heterogeneity among studies (Fig. 2).

For the five studies reporting PTS exposure, we con-
ducted the cohort-categories subgroup analysis. We found
that age at menarche in prospective cohort subgroup
(SMD -0.171, 95% CI -0.253 to —0.090, *=0.000%,
3840 girls) was significantly lower than control group. No
significantly difference was found in age of menarche
between retrospective cohort subgroup (SMD -0.128,
95% CI —0.194 to 0.062, I* = 76.303%, 82,313 girls) and
control group (see Additional file 1: Figure S1). In the sen-
sitivity analysis, the pooled results altered when removing
Maisonet 2010 [38] (SMD -0.046, 95% CI -0.097 to
0.004, 84,005 girls).

Two included studies cannot be included in the
meta-analysis. D’Aloisio 2013 [45] divided the children into
five age groups according to their age at menarche (< 10,
11, 12-13, 14, 215 years old) and compared the relative
risk ratios for early and late menarche in association with
prenatal smoking exposure. It did not report the exact age
at menarche for the girls and cannot be included in the
meta-analysis. It found that PTS associated with early
menarche (RR 1.13, 95% CI 1.03 to 1.24, 32,095 girls).

Carter 2014 [47] found no significant relationship be-
tween age at menarche and PTS (r 0.17, p>0.05, 265
girls), but did not report the sample of girls who exposed
to PTS and had onset of menarche.

Age at menarche in different PTS exposure levels
Data on age at menarche of girls who exposed to different
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Study name Subgroup within study for each study Std diff in means and 95% CI

Std diff Lower Upper
inmeans limit limit p-Value

Tehrani2014 ETS -0.129 -0.480 0.223 0473
Sherestha2011 ETS 0.017 -0.253 0.287 0.901
-0.037 -0.251 0.177 0.735
Hart2009 PTS -0.272 -0.594 0.049 0.097
Dossus2012 PTS 0.005 -0.065 0.074 0.894 -+
Morris2010 PTS -0.108 -0.190 -0.025 0.010 —_—
Maisonet2010 PTS -0.172 -0.258 -0.086 0.000 -
Wang2012 PTS 0.035 -0.408 0.478 0.878
-0.097 -0.192 -0.002 0.045 <z
-0.087 -0.174 -0.000 0.049 -

-1.00 -0.50 0.00 0.50 1.00

Fig. 2 Forest plot for the age at menarche between the PTS or ETS group and control group

-

PTS levels were provided in three studies [23, 30, 31]. The
subgroup analysis showed that there were no significant
differences between different PTS exposure levels and
control groups in age at menarche (SMD - 0.085, 95% CI
-0.273 to 0.103, 2633 girls, for 1-9 cigs/day subgroup;
SMD - 0.296, 95% CI - 0.628 to 0.037, 1556 girls, for > 10
cigs/day subgroup, I =77.730%). The random effects
model was adopted because of heterogeneity among
studies (Fig. 3).

Behie 2015 [34] mentioned that with non-smoking
mothers used as the reference level, mothers who re-
ported smoking cigarettes ‘most days’ during gestation
showed an HR of 1.40 (95% CI 1.10-1.79), which sug-
gested that prenatal smoke exposure increase the chance
of an earlier age at menarche.

Number of girls with early menarche

Number of girls with early menarche in PTS or ETS
group Data on number of girls with early menarche
who exposed to PTS or ETS were provided in five stud-
ies [30, 32, 37, 41, 48]. The pooled data showed that
number of girls with early menarche under PTS or ETS
exposure (RR 0.649, 95% CI 0.794 to 1.154, I* = 60.541%,
5819 girls) was not significantly different from that in
control group, and similar results were found in PTS
subgroup (RR 0.737, 95% CI 0.806 to 1.356, I* = 68.362%,

5292 girls) and ETS subgroup (RR 0.872, 95% CI 0.667
to 1.140, I* =9.575%, 527 girls). Random effects model
was adopted in the meta-analysis (Fig. 4).

For the five studies reporting PTS exposure, we con-
ducted the subgroup analysis by the definition of early
menarche. We found that number of girls in subgroup
of early menarche defined as <11 years (RR 1.377, 95%
CI 1.086 to 1.745, I*=0.000%, 3321 girls) was signifi-
cantly more in PTS exposure group than control group,
while no significantly difference was found in number of
girls in subgroup of early menarche defined <12 (RR
0.900, 95% CI 0.708 to 1.145, I” = 46.688%, 1971 girls)
between two group (see Additional file 2: Figure S2).

And Behie 2015 [34] indicated the number of girls
reached menarche (RR 1.276, 95% CI 1.154 to 1.411,
P=0.000, 1493 girls) was significantly higher in PTS
exposure group than that in control group.

Number of girls with early menarche exposed to both
PTS and ETS Two studies [30, 32] provided data about
number of girls with early menarche exposed to both
PTS and ETS. The pooled data showed that number of
girls with early menarche with both PTS and ETS expos-
ure (RR 0.934, 95% CI 0.575 to 1.516, I* = 74.0%, 180
girls) was not significantly different from that in control
group, and the random effects model was adopted be-
cause of the high heterogeneity (Fig. 5).

Study name Subgroup within study  Statistics for each study

Std diff in means and 95% Cl

Std diff Lower Upper
in means limit limit p-Value

Ernst2012 2 -0.490 -0.770-0.211 0.001 ——
Sherestha2011 210 -0.148 -0.277-0.018 0.025 —a—
-0.296 -0.628 0.037 0.081
Ernst2012 1-9 -0.333 -0.613-0.054 0.020 ———
Windham2008 1-9 0.068 -0.054 0.190 0.275 +—
Sherestha2011 1-9 -0.092 -0.230 0.046 0.191 —at
-0.085 -0.273 0.103 0.377
-0.136 -0.300 0.028 0.104 e

-1.00 -0.50 0.00 0.50 1.00
Fig. 3 Forest plot for the age at menarche between different PTS exposure levels group and control group
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Study name Subgroup within study Statistics for each study Risk ratio and 95% CI

Risk Lower Upper

ratio limit limit p-Value
Windham2004 ETS 1.093 0.663 1.804 0.727 =
Ferris2010 ETS 0.803 0.604 1.067 0.130 b

0.872 0.667 1.140 0.317 e E———
Windham2004 PTS 1.191 0.805 1.763 0.382 i
Ferris2010 PTS 0.737 0.551 0.985 0.039 3
Flom2017 PTS 0.903 0.703 1.158 0.420 £
Liu2010 PTS 1.228 0.683 2.207 0.492 =
Rubin2009 PTS 1.408 1.087 1.825 0.010 ——

1.046 0.806 1.356 0.737

0.958 0.794 1.154 0.649 I-

0.5 1 2
Fig. 4 Forest plot for the number of girls with early menarche between the PTS or ETS group and control group

J

Number of girls with early menarche in different
PTS exposure levels Two studies [30, 32] provided data
about number of girls with early menarche who exposed
to different PTS levels. The pooled data showed that
there were no significant differences between different
PTS exposure level groups and control groups in the
number of girls with early menarche (RR 0.990, 95% CI
0.751 to 1.305, 644 girls, for 1-9 cigs/day subgroup; RR
0.964, 95% CI 0.692 to 1.344, 479 girls, for 10—19cigs/
day subgroup; RR 0.966, 95% CI 0.695 to 1.343, 575 girls,
for > 20 cigs/day subgroup, I* = 3.17%). The fixed-effects
model was adopted (Fig. 6).

Puberty index in boys

Three studies [29, 39, 46] reported different puberty
index of boys exposed to PTS. In Hakonsen 2013 [29],
age at acne, voice break, regular shaving, and first noc-
turnal emission in boys with PTS exposure were not sig-
nificantly different from that in control group in either
of the four exposure level groups (Table 3), and similar
results were found in number of boys with early growth
of penis and early pubic hair development in Ravnborg
2011 [46]. But the number of boys with early voice break
with PTS exposure (RR 1.34, 95% CI 1.29 to 1.40, 2478
boys) was significantly higher than control group
(Table 4).

Fried 2001 [39] reported that an ANOVA of the age at
which the boy’s voices began to change indicated that the
higher level of prenatal smoking was associated with earlier
onset of this pubertal indicant [F(2.61) = 7.82, P < 0.01], and

the onset of shaving has the same trend emerged with as
the voice change data.

Discussions
For all we know, this is the first systematic review and
meta-analysis of the relationship between PTS and/or
ETS exposure and puberty timing of both girls and boys.
We found two reviews about PTS and puberty; one of
which conducted a qualitative description, reporting a
hypothesis of increasing risk of puberty onset in boys
and girls with PTS exposure. The other meta-analysis
about PTS and age of menarche in girls suggested that
PTS exposure may accelerate onset of age of menarche.
Findings in these two reviews were relatively coincident
with our results of PTS and age of menarche in girls or
voice break onset in boys. Comparing with the previous
two reviews, our study has a wider scope of tobacco ex-
posure mode (both PTS and ETS) and included both
genders. Besides, not only age of menarche, but also
number of girls with early puberty events, number of
boys with early puberty events, age at various puberty
events were analyzed in this study. In addition, studies
conducted in both developing and developed countries
were included in the review, involving Asian population.
In present study, we found that PTS was possibly and
negatively associated with age of menarche in girls,
which suggested that mothers smoking during preg-
nancy may accelerate the onset of menarche of daugh-
ters. But this result was not stable enough, when
removing out Maisonet 2010 [38], it turned to no associ-
ation. Given the high heterogeneity, studies in PTS

Study name Statistics for each study Risk ratio
Risk Lower Upper and 95% ClI
ratio limit limit p-Value
Ferris2010 0.743 0.555 0.995 0.046 ——
Windham2004 1.221 0.817 1.824 0.329 ———
0.934 0575 1.516 0.782 o's —
Fig. 5 Forest plot for the number of girls with early menarche between both PTS and ETS group with control group
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Study name Subgroup within study  Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit p-Value
Ferris2010 220 0.665 0414 1.069 0.092
Windham2004 220 1.368 0.866 2.162 0.179
0.966 0.695 1.343 0.839 s
Ferris2010 10-19 0.949 0641 1403 0.791 ——
Windham2004 10-19 1.006 0.538 1.880 0.984
0.964 0.692 1.344 0.831 g
Ferris2010 1-9 0915 0645 12908 0.617 —
Windham2004 1-9 1.128 0.719 1.769 0.599 —
0.990 0.751 1.305 0.942 -
0976 0816 1.166 0.786 ->
0102 05 1 2 5 10
Fig. 6 Forest plot for the number of girls with early menarche between different PTS exposure levels group and control group

group were analyzed by cohort type in the subgroup
analysis, and the heterogeneity dropped from 67.069 to
0.000% in prospective cohort subgroup, which suggested
that study design may be one of the main sources of het-
erogeneity in PTS group. Prospective cohort study has a
better demonstrated effectiveness which shows that the
conclusion of early menarche with PTS is well founded.

While the results showed that there is no statistical
significance on association between ETS and age of me-
narche, which may not necessarily mean that there is no
relationship between them. As fewer studies reported
ETS and puberty timing, the exact conclusion cannot be
given exactly, which calls for more high-quality studies
to confirm the relationship.

Table 3 Mean difference (MD) and 95%Cl of age at four
puberty index of boys with different PTS exposure levels in
Hakonsen 2013

Puberty index PTS exposure level MD 95% Cl
Age at acne Past smoker 0.10 0.08, 0.28
1-9 cigs/day 010  —-005,0.25
10-14 cigs/day —-0.10 —-0.28,0.08
215 cigs/day -020 -043,003
Age at voice break Past smoker 000 -0.17,017
1-9 cigs/day 010  —-0.04,024
10-14 cigs/day -0.10 -027,007
215 cigs/day -010 -032012
Age at regular shaving Past smoker 010 -0.08,028
1-9cigs/day 000 —0.15,015
10-14 cigs/day 0.00 -0.18,0.18
215 cigs/day 010  -0.13,033
Age at first nocturnal emission  Past smoker 0.00 -0.22,022
1-9 cigs/day 010  -0.09, 029
10-14 cigs/day -010 -032,012
215 cigs/day -020 -049, 009

There was no strong evidence that PTS or ETS is asso-
ciated with the number of girls with early menarche.
The possible reason may be the differences in cut-offs
for early menarche. There were four definitions for early
menarche in the five studies [32, 35, 37, 41, 48]: <12, <
12, <11, <11 years respectively. When early menarche
defined as <11 years, the number of girls with early me-
narche in PTS group was significantly more than that in
control group, and the heterogeneity also decreased
when we conducted subgroup analysis by definition of
early menarche.

Results from three studies on the association between
PTS and puberty development in boys showed consist-
ent results. Fried 2001 [39] reported an earlier age of
voice break and shaving onset among boys exposed to
PTS, which was based on a small cohort without con-
founder adjustment. The large retrospective study by
Ravnborg 2011 [46] showed that exposed boys experi-
enced an earlier voice break without confounder adjust-
ment. The latest prospective study by Hakonsen 2012
[29] reported tendencies toward earlier age at acne, voice
break, regular shaving, and first nocturnal emission,
which indicated that boys exposed to PTS had earlier
onset of puberty. However, no statistically significant dif-
ferences were found with several important potential
confounders adjusted. And no data provided can be used
in meta-analysis in above studies. Therefore, the associ-
ation between PTS exposure and puberty in boys could
not be inferred. More studies reporting unified and

Table 4 Risk ratio (RR) and 95%C! of number of boys with early
puberty index development with PTS exposure in Ravnborg 2011

Puberty index RR 95% Cl p
Number of boys with 134 1.29, 1.40 0.00
early voice break

Number of boys with 0.99 0.94, 1.04 0.64
early growth of penis

Number of boys with 0.99 093, 1.04 0.60

early pubic hair development




Chen et al. Environmental Health and Preventive Medicine (2018) 23:33

complete outcome measures need to be conducted in
boys to confirm the association.

The mechanism by which smoking exposure influence
puberty timing is not clear enough yet. While 4000 che-
micals contained over cigarettes, nicotine reduced blood
flow to the placenta and fetus in pregnant smokers [18],
and heavy metal cadmium led a retardation of tropho-
blastic outgrowth and development of placental [19].
Studies of animals and humans suggested that PTS ex-
posure alter production of sex hormones and gonadotro-
phins [22-24], which are all crucial chemicals in puberty
onset. For females, PTS exposure may potentially impact
primordial follicle number at puberty and uterine vol-
ume [20]. And both PTS and ETS exposure to nicotine
resulted in delayed ovarian dysfunction in adult female
offspring [21]. For males, several large studies reported
that moderate or heavy smoking in pregnancy reduced
the testis size and sperm count of male offspring in adult
by 20-40% [49, 50].

Studies included in the systematic review were con-
ducted in four continents, namely, North America, Eur-
ope, Oceania, and Asia with multiethnic. To a certain
extent, the results of this systematic review remind par-
ents of the tobacco exposure effect on their children.

We carried out the research in strict accordance with
the criterion of systematic review. However, there are
still some limitations. First, though we tried to contact
with the original authors to obtain necessary data of the
included studies, six studies failed to obtain data re-
quired for meta-analysis. Among them, three [29, 39, 46]
reported different puberty events of boys, respectively,
and three [34, 45, 47] reported age of menarche did not
provide sufficient data for meta-analysis. Failure to
merge data above may lead to inaccuracy of results. Be-
sides, one potential study in Czech was excluded, which
may lead to selection bias.

Second, the assessment of methodology quality showed
that scores of comparability and adequacy of follow-up of
cohorts were relatively low; therefore, future research
should pay more attention to these above aspects. Third,
the main outcome measure of girls was menarche onset.
Other outcomes cannot be conducted in meta-analysis
due to few reports of tanner stage, inconsistent standard
of division of staging and early onset. Meanwhile, reports
of exposure levels were also limited and had different
division standard, which made it difficult to find the
dose-effect relationship.

Fourth, heterogeneity that comes from criteria of
smoking exposure levels, race diversity, regional diver-
sity, and sample size difference could not be analyzed in
the current analysis. Fifth, few included studies reported
the association of puberty development and PTS or ETS
in boys, therefore need more studies to confirm this as-
sociation. Finally, 4 out of 16 prospective cohort studies

Page 10 of 12

we included have not used the onset of outcome as the
end of follow-up, so that children who have not oc-
curred onset of puberty were excluded from the data
analysis in these studies, which may lead to the loss of
information and affect the accuracy of the results.

Conclusion

In summary, the findings of this systematic review sug-
gested that PTS exposure possibly decrease age of me-
narche of girls; there was still instability. No association
were identified between ETS or different PTS levels with
age of menarche, or PTS and/or ETS with number of
girls with early puberty, or different PTS levels with
number of girls with early puberty. As for boys, relation-
ship between puberty timing with PTS or ETS remains
to be further investigated with more high-quality cohort
studies. Future studies should also provide appropriate
and comprehensive outcome measures using unified def-
inition to classify early or normal puberty for better
comparison.
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