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Lipid profile in girls with precocious puberty: 2
a systematic review and meta-analysis

Mei Jiang', Ying Gao?, Kai Wang® and Ling Huang*’

Abstract

Objective Many studies have investigated the impact of precocious puberty on cardiovascular disease (CVD)
outcomes and the association between lipid profile levels and precocious puberty. However, the results have been
inconsistent. The aim of this meta-analysis was to evaluate whether triglyceride (TG), total cholesterol (TC), high
density lipoprotein (HDL)and low density lipoprotein (LDL) levels were altered in girls with precocious puberty
compared with healthy controls.

Methods References published before June 2022 in the EMBASE, Cochrane Library, PubMed and Web of Science
databases were searched to identify eligible studies. A DerSimonian-Laird random-effects model was used to evaluate
the overall standard mean difference (SMD) between precocious puberty and healthy controls. Subgroup analyses
and sensitivity analyses were preformed, and publication bias was assessed.

Results A total of 14 studies featuring 1023 girls with precocious puberty and 806 healthy girls were selected for
analysis. The meta-analysis showed that TG (SMD: 0.28; 95% Cl: 0.01 to 0.55; P=0.04), TC (SMD: 0.30; 95% Cl: 0.01 to
0.59; P=0.04), LDL (SMD: 0.45; 95% Cl: 0.07 to 0.84; P=0.02)levels were significantly elevated in girls with precocious
puberty. HDL levels did not change significantly (SMD: -0.06; 95% Cl: -0.12 to 0.61; P=0.62). Subgroup analyses
revealed that the heterogeneity in the association between lipid profile and precocious puberty in this meta-analysis
may arise from disease type, region, sample size, chronological age, body mass index difference and drug usage.

Conclusion Lipid profile levels altered in girls with precocious puberty compared with healthy controls. In order to
minimize the risk of CVD morbidity and mortality, early interventions were needed to prevent obesity in children and
adolescents, especially those with precocious puberty.

Keywords Precocious puberty, Lipids, Cholesterol, LDL cholesterol, HDL cholesterol, Dyslipidemias, Cardio vascular
disease
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Introduction

Precocious puberty is defined as the development of
secondary sexual characteristics in girls by the age of 8
years and in boys by the age of 9 years [1]. A growing
percentage of girls are going through precocious puberty
[2, 3]. According to whether the hypothalamic-pituitary-
gonadal axis (HPGA) occurs or not, precocious puberty
is classified as central precocious puberty (CPP) with
the HPGA occurring driven by early increased gonad-
otropin-releasing hormone (GnRH) secretion, which
accounts for roughly 80% [4, 5], and as peripheral pre-
cocious puberty (PPP) which is independent of GnRH
secretion, as well as incomplete precocity, which is the
variation of CPP, including premature pubarche (PP),
premature adrenarche (PA), premature thelarche (PT)
and premature menarche [6-9]. PT is caused by tran-
sient partial activation of HPGA and overproduction of
follicle stimulating hormone (FSH) and is characterized
by isolated breast development without any other signs
of sexual maturation [10]. However, 13% of PT cases may
develop into CPP [11]. PA is referred to as an increase
of adrenal androgen level independent of the HPGA, it
is identified as pubarche including the presence of pubic
and axillary hair, apocrine body odor and acne by age 8
for girls and age 9 for boys [12].

In girls, early maturational timing is linked to increased
all-cause, cancer, and cardiovascular disease (CVD) [13,
14]. Accordingly, an earlier age of menarche is linked
to a higher risk of obesity [15-18], hypertension [13],
type 2 diabetes [18], ischemic heart disease, and stroke
occurrences [13], as well as other conditions in later life.
According to a recent study, high childhood obesity may
be to blame for the effects of premature menarche on car-
diovascular risk in adults [19]. In accordance, high adi-
posity during adolescence predicts premature menarche
[20, 21]. On the other hand, women who have a history of
early menarche have greater increases in adiposity during
adolescence and in the early years of adulthood [15, 20].
As a result, it does appear that early maturation plays a
role in unfavorable metabolic programming.

There are conflicting reports about the effects of pre-
cocious puberty on lipid metabolism so far. Ibafiez et al.
[22]. found the serum levels of triglyceride (TG), total
cholesterol (TC) and low density lipoprotein (LDL)
increased, and the level of high density lipoprotein (HDL)
decreased in girls with premature pubarche.And similar
findings were found in several cohort studies [23, 24].
In contrast, no relationship between early maturational
timing and lipid profile has been found in other studies
[25-32].

Hence, understanding the potential link between lipid
profile and precocious puberty has public health impli-
cations for reducing the risk of cardiovascular morbidity
and mortality in women. Precocious puberty may provide
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important information to unravel the effects of pubertal
onset and age on lipid profile levels. Therefore, the aim
of this systematic review and meta-analysis was to assess
lipid profile levels in girls with precocious puberty and
healthy controls.

Materials and methods

Reporting guidelines

This systematic review and meta-analysis was designed
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement
[33], and was prospectively registered on PROSPERO
(registration number: CRD42022357819). This study was
conducted according to the guidelines for Meta-analysis
of Observational Studies in Epidemiology (MOOSE) [34].

Search strategy

The population/intervention/comparison/outcome
(PICO) components were as follows: P (girls before the
age of 10), I (girls with precocious puberty), C (healthy
girls), O (serum levels of TG, TC, HDL and LDL).To iden-
tify eligible studies, an exhaustive literature search was
conducted in the Cochrane Library, PubMed, EMBASE
and Web of Science databases (without restricting by lan-
guage, location and journal) through June 2022 to iden-
tify published research using the following keywords:
“precocious puberty” OR “sexual precocity” OR “pre-
mature puberty” OR “precocious sexual maturation” OR
“early puberty” OR “earlier puberty” OR “early pubertal
timing” OR “early maturation” OR “isolated premature
thelarche” OR “premature thelarche” OR “premature
pubarche” OR “premature adrenarche” OR “premature
menarche” OR “early age of menarche” OR “PP” OR
“CPP” OR “PPP” OR “IPT” OR “PT”AND *“lipid profile”
OR “total cholesterol” OR “triacylglycerol” OR “triglycer-
ide” OR “triglycerides” OR “high-density lipoprotein” OR
“low-density lipoprotein” OR “TC” OR “TG” OR “HDL”
OR “LDL” OR “HDL-C” OR “LDL-C".

Inclusion and exclusion criteria

The inclusion criteria for eligible studies were as fol-
lows:(1) original observational study of humans; (2) all
patients involved in studies were diagnosed with preco-
cious puberty, including CPP, PP, PA and PT before 8
years old; (3) all subjects involved in studies were younger
than 10 years old; (4) studies focusing on the association
between the serum TG, TC, HDL, LDL levels and preco-
cious puberty; and (5) studies included data on the lipid
profile levels for patients with precocious puberty and
healthy age-matched prepubertal girls.

The exclusion criteria were as follows: (1) laboratory
or animals studies; (2) reviews or case reports; (3) dupli-
cate publications; (4) subjects involved in studies were
diagnosed with sex hormone releasing tumors and the
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Cushing’s Syndrome; (5) subjects participating in stud-
ies were diagnosed with diabetes, thyroid dysfunction or
hyperprolactinemia; (6) studies without healthy control
groups; and (7) studies that did not provide definitive
data on serum TG/TC/HDL/LDL levels.

Study selection and data extraction

Literature screening and data extraction were done
independently by two researchers (M] and YG). Dis-
crepancies between two reviewers were resolved in
consultation with a third reviewer (LH). Firstly, cita-
tions were imported into EndNote to identify duplicate
citations. Secondly, research titles and abstracts were
screened, and those did not meet the inclusion criteria
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were excluded. Finally, the full literature was read, and
the studies were further excluded based on inclusion and
exclusion criteria. A flow chart of the PRISMA inter-
pretation the selection process was shown in Fig. 1. TG,
TC, HDL and LDL [meanstandard deviation (SD)] lev-
els were extracted from the literature, and all data were
reviewed by LH.

When no continuous variables were reported, each
author was contacted and asked to provide the raw data.
In cases where contact failed, standard deviation values
were calculated from the median, quartiles or ranges or
[35, 36], if the data were displayed graphically only, values
were estimated by digital ruler software (Getdata Graph
Digitizer, version 2.25) [37, 38].
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Fig. 1 Flow chart of the selection process. From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi: https://doi.org/10.1371/journal.pomed 1000097
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Quality assessment

The quality of the selected studies was evaluated accord-
ing to the Newcastle-Ottawa Scale (NOS) star system
[39].

Statistical analysis

A meta-analysis was performed on the data extracted
from the included studies. As the available literature
was inconsistent in terms of units, the combined stan-
dardized mean difference (SMD) and 95% confidence
intervals (CI) were used to determine the associations
between serum TG, TC, HDL, LDL levels and precocious
puberty. The Cochran’s Q two-sided homogeneitytest
[40] was used to test for heterogeneity of the studies. A
Mantel-Haenszel fixed-effect model was used if I-square
(’)<50% and conversely, a DerSimonian-Laird random-
effects model was used [41, 42]. Subgroup analyses were
performed to determine the association between serum
TG, TC, HDL, LDL levels and study characteristics to
test whether this could explain heterogeneity.Sensitiv-
ity analyses were performed to test the robustness of the
combined SMD by excluding each study. The funnel plot
method (in the case of the number of inclusions was >10)
was used to test for publication bias. All analyses were
performed using RevMan software, and differences were
considered statistically significant at P<0.05.

Results

Literature search

After reading the titles and abstracts of the initial 405
articles, 303 were excluded because they did not meet
the inclusion criteria. 102 articles were included for full-
text assessment, of which 88 were excluded: 26 without
healthy controls; 11 subjects aged 10 years or older; one
review; and fifty research topics were inappropriate. A
total of 14 eligible papers were included (Fig. 1), all stud-
ies were observational in design and included individual
data from 1023 cases and 806 healthy controls [22-32,
43-45]. The baseline characteristics, such as author, year,
geographical location, study design, sample size, chrono-
logical age (CA), bone age (BA), tanner stage, body mass
index (BMI), medication usage, measurement method,
lipid profile and key findings included in the studies were
shown in Table 1.

Quality assessment

Quality assessment of literature were performed accord-
ing to the NOS star system, and all selected studies were
scored 7 or more (Table 2).

Meta-analysis

Fourteen studies (#n=1829 participants) compared
serum TG levels between girls with precocious puberty
and healthy controls (Fig. 2A), and there was significant
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heterogeneity between studies (F°=84%; P<0.00001).
Precocious puberty was significantly associated with ele-
vated serum TG levels (SMD: 0.28; 95% CI: 0.01 to 0.55;
P=0.04).

Twelve studies (n=1707 participants) compared
serum TC levels between girls with precocious puberty
and healthy controls (Fig. 2B), and there was significant
heterogeneity between studies (F?=85%; P<0.00001).
Precocious puberty was significantly associated with ele-
vated serum TC levels (SMD: 0.30; 95% CI: 0.01 to 0.59;
P=0.04).

Thirteen studies (#=1361 participants) compared
serum HDL levels between girls with precocious puberty
and healthy controls (Fig. 2C), and there was significant
heterogeneity between studies (°=72%; P<0.0001).
There was no significant correlation between precocious
puberty and serum HDL levels (SMD: -0.06; 95% CI:
-0.12 to 0.61; P=0.62).

Thirteen studies (#=1361 participants) compared
serum LDL levels between girls with precocious puberty
and healthy controls (Fig. 2D), and there was significant
heterogeneity between studies (P=90%; P<0.00001).
Precocious puberty was significantly associated with ele-
vated serum LDL levels (SMD: 0.45; 95% CI: 0.07 to 0.84;
P=0.02).

Results of subgroup analysis

There was significant heterogeneity between studies
including meta-analysis of lipid profile levels in preco-
cious puberty. In order to find the sources of heterogene-
ity and to more accurately assess the differences between
girls with precocious puberty and healthy controls, sub-
group analyses were conducted by disease type, region,
sample size, case and control BMI differences.

In terms of disease type (Table 3), TG levels were
higher in the PT group than in healthy controls (p=0.01),
while there was no significant difference between the
CPP (p=0.66), PP (p=0.05) and PA (p=0.58) groups,
and reduced heterogeneity in CPP subgroup (°=0%).
TC levels were higher in the PT group than in healthy
controls (p=0.03), while there was no significant dif-
ference between the CPP (p=0.66), PP (p=0.22), and
PA (p=0.09) groups, and there was no heterogeneity in
CPP subgroup (I’=0%).HDL levels were lower in PP girls
compared with healthy controls(p=0.03), but not signifi-
cantly different in CPP (p=0.98), PA (p=0.32) and PT
(p=0.87)cases, and there was reduced heterogeneity in
CPP subgroup (?=0%). LDL levels were higher in girls
with PT compared with healthy controls (»<0.0001), but
no significant differences in CPP (p=0.86), PP (p=0.05)
and PA (p=0.32)cases, and no heterogeneity in CPP sub-
group (FP=0%).

In terms of geographical location (Table 4),TG levels
were higher in European girls with precocious puberty
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Table 2 The results of NOS star system scoring
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No.  Study Adequacy Represen- Selection Definition Comparabil- Ascertain- Same Method of Non-Re- Total
of Case tativeness of Controls of Controls ity of Cases = ment of Ascertainment  sponse
Definition  of Cases and Controls Exposure  for Cases and Rate
Controls

15. lbanez 1 1 0 1 2 1 1 0 7
(1998) [43]

16. lbanez 1 1 1 1 2 1 0 0 7
(2004) [22]

17. Teixeira 1 0 1 1 2 1 1 0 7
(2004) [25]

18. Guven 1 1 0 1 2 1 1 0 7
(2005) [44]

19. Larqué 1 1 0 1 2 1 1 0 7
(2010) [26]

20. Sorensen 1 1 1 1 2 1 1 0 8
(2010) [45]

21. Sopher 1 1 0 1 2 1 1 0 7
(2011) [27]

22. Su 1 1 0 1 2 1 T 0 7
(2012) [28]

23. Ucar 1 1 1 1 2 1 1 0 8
(2013) [23]

24, Hur 1 1 0 1 2 1 0 1 7
(2017) [29]

25. Zurita-Cruz 1 1 0 1 2 1 1 1 8
(2018) [30]

26. Xu 1 1 0 1 2 2 1 0 8
(2019) [24]

27. Aydin 1 1 1 1 2 1 1 0 8
(2022) [31]

28. Bezen 1 1 0 1 2 1 1 0 8
(2022) [32]

than in healthy controls(p=0.02), but not significantly
different in the American(p=0.18), Central Asian
(p=0.58) and Asian cases (p=0.39), with reduced het-
erogeneity in the Americas (P=0%) and Asian (FP=57%)
subgroups. TC levels did not correlate with precocious
puberty in all subgroups, but there was reduced hetero-
geneity in the American (?=0%) and Asian (I°=53%)
subgroups. HDL levels did not correlate with precocious
puberty in all subgroups, but heterogeneity was reduced
in the American (?=0%) and Asian (I?=0%) subgroups.
There was no correlation between LDL level and preco-
cious puberty in all subgroups, but the heterogeneity of
Americas subgroup decreased (I°=8%).

In terms of sample size (Table 5), the sample size <50
group had higher TG levels than the healthy control
group (p=0.03), while the sample size=50 group did
not differ significantly (p=0.91). TC levels were higher
in the sample size<50 group than in the healthy con-
trols (p=0.03), whereas they were not higher in the
sample size>50 group (p=0.52), with reduced heteroge-
neity (I’=2%).HDL levels were not statistically different
between cases and healthy controls in the sample size <50
(p=0.14) and sample size=50 (p=0.38) subgroups. LDL

levels were higher in girls with precocious puberty than
in healthy controls (p=0.03)with sample size<50.How-
ever, serum LDL was not associated with precocious
puberty in the subgroup with a sample size>50 (p=0.77).

As for case and control BMI differences (Table 5), in
the subgroup with difference, the TG levels in the cases
were higher than that in healthy controls (p=0.03), but
not in the subgroup without difference (p=0.25), the
heterogeneity decreased in this subgroup (F=19%).
In the subgroup with difference, girls with precocious
puberty had a higher TC level than the healthy controls
(p=0.03), but not in the subgroup with without differ-
ence (p=0.20),while the heterogeneity was reduced in
this subgroup (?=9%). Serum HDL was not associated
with precocious puberty in the subgroup with difference
(p=0.34) and without difference (p=0.60), while there
was no heterogeneity in the subgroup without difference
(P=0%). LDL level were not associated with precocious
puberty in the subgroup with difference (p=0.05) and
without difference (p=0.38).
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A

Case Control Std. Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Random, 95% CI
Aydin 2022 [31] 082 0.31 48 079 028 49 80% 0.10-0.30, 0.50]
Bezen 2022 [32] 074 035 3% 077 0.3 35 75% -0.09 [-0.56, 0.38]
Guven 2005  [44] 099 007 24 087 0.09 13 55% 1.52(0.75,2.28)
Hur 2017 [29] 1.31 078 164 1.26 066 67  8.8% 0.07 [-0.22,0.35)
Ibafiez 1998 [43] 0.94 0.11 21 0.6 0.04 14 36% 3.72(2.58,4.87)
Ibafiez 2004 [22] 0.8 045 33 062 027 37 75% 0.49(0.01, 0.96]
Larqué 2010 [26] 0.88 0.11 22 074 0.1 20 6.1% 1.25(0.58,1.92)
Sopher 2011 [27] 081 03 24 088 045 25 6.9% -0.18[-0.74,0.38)
Sorensen 2010 [45] 0.94 0.87 15 079 056 24 63% 0.21[-0.44,0.86)
Su 2012 28] 121 07 249 125 074 219 93% -0.06[-0.24,0.13)
Teixeira 2004 [25] 0.87 0.44 25 091 03 14 62% -0.10 [-0.75, 0.56)
Ucar2013  [23] 0.84 038 69 1.04 053 45 82% -0.45[-0.83,-0.07]
Xu 2019 [24] 199 146 263 163 175 222 93% 0.22[0.05, 0.40)
Zurita-Cruz 2018 [30] 1.04 0.41 31 1.24 066 22 69% -0.37 -0.92,0.18)
Total (95% CI) 1023 806 100.0% 0.28[0.01, 0.55]
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Std. Mean Difference

IV, Random, 95% CI

Illll
|

Heterogeneity: Tau®= 0.20; Chi*= 82.87, df= 13 (P < 0.00001); F= 84% !
Test for overall effect: Z= 2.05 (P = 0.04)

B

K

2
Case Control TG

Case Control Std. Mean Difference Std. Mean Difference
Study or Subgrouy Mean SD Total Mean SD Total Weight IV. Random. 95% CI IV, Random, 95% CI
Aydin 2022 [31] 431 083 48 439 083 49 94% -0.10 [-0.49, 0.30) -
Bezen 2022 [32) 395 069 35 403 076 35 88%  -0.11[0.58 0.38) -
Guven 2005 [44] 438 019 24 346 015 13 31% 5.08(3.68, 6.47)
Hur2017  [29] 436 074 164 439 06 67 104%  -0.04[0.33,0.24) T
Ib4fiez 1998 [43] 409 009 22 408 004 14 71% 0.13 [-0.54,0.80] -
Larqué 2010 [26] 445 017 22 421 045 20 7.0% 1.46(0.78,2.15) -
Sopher 2011 [27] 417 068 24 425 083 25 80%  -0.10(-0.66,0.46) -
Sorensen 2010 [45] 454 286 15 391 1.73 24 7.3% 0.28-0.37,0.93] T
Su 2012 [28] 44 074 249 444 075 219 11.0%  -0.05(-0.24,0.13) 7
Teieira 2004 [25] 459 091 25 435 058 14 72% 0.29[-0.37,0.95] T
Ucar2013  [23] 43 091 B9 425 057 45 96% 0.06 [-0.31,0.44] T
Xu 2019 [24] 515 369 263 447 316 222 11.0% 0.20 (0.02, 0.38) "
Total (95% CI) 960 747 100.0% 0.30 [0.01, 0.59] *
Heterogeneity: Tau?= 0.19; Chi*= 71.45, df= 11 (P < 0.00001); F=85% 2 2 4

Test for overall effect: Z= 2.04 (P = 0.04)

Case Control TC

Case Control Std. Mean Difference Std. Mean Difference
Study or Subgrouy Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aydin 2022 [31] 159 039 48 147 033 49 89% 0.31-0.10,0.71) I
Bezen 2022 [32] 15 032 35 15 029 35 81% 0.00 (-0.47,0.47) T
Guven 2005 [44] 111 005 24 115 007 13 59%  -068(1.37,0.02
Hur2017  [29] 133 026 164 134 022 67 102% -0.04 [-0.32,0.24) —r
Ibéfiez 1998 [43] 174 009 21 191 018 14  54%  -1.25[1.99,-0.51)
Ibafiez 2004 [22] 153 03 33 168 032 37 80%  -0.48[-0.95-0.00)
Larqué 2010 [26] 159 008 22 165 009 20 65%  -0.69(1.32,-0.07)
Sopher 2011 [27] 146 025 24 134 031 25 71% 0.42-0.15,0.99] -
Sorensen2010 [45] 1.36 074 15 15 095 24 63%  -0.16[-0.80,0.49) —
Teixeira 2004 [25] 118 022 25 147 025 14  B2% 0.04 [0.61,0.70) —_— T
Ucar2013  [23] 14 027 B9 117 035 45 90% 0.75(0.36,1.14] Em—
Xu2019 [24] 126 141 263 128 128 222 112%  -0.01[0.19,0.16) -
Zurita-Cruz2018 [30] 118 029 31 141 027 22 72% 0.28[-0.27,0.83) i pe—
Total (95% CI) 774 587 100.0%  -0.06[-0.29,0.18] *

Heterogeneity: Tau®= 0.12; Chi*= 43.12, df=12 (P < 0.0001); F=72% T
Test for overall effect: Z= 0.49 (P = 0.62)

D

Case Control Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV.Random.95% Cl
Aydin 2022 [31] 242 073 48 251 074 43 85% -0.12[-0.52,0.28)
Bezen 2022 [32) 234 067 35 241 058 35 82% -0.11 [0.58, 0.36)
Guven 2005 [44] 266 018 24 203 011 13  51% 3.86(2.71,5.01)
Hur2017  [29] 245 07 164 248 057 67 88% -0.04 [-0.33,0.24)
Ibafiez 1998 [43] 2015 21 184 021 14 72% 0.33[-0.35,1.01)
lbafiez 2004 [22] 275 075 33 215 047 37  81% 0.96 [0.46, 1.46)
Larqué 2010 1261 257 011 22 224 012 20 63% 2.82(1.94,3.70]
Sopher2011 1271 234 081 24 251 084 25 78%  -0.23[0.79,033)
Sorensen2010 [45] 279 245 15 245 181 24 7.4% 0.16 [-0.49, 0.81)
Teixeira 2004 [25] 31 073 25 282 053 14 7.3% 0.41[-0.25,1.07)
Ucar2013  [23] 225 052 69 267 08 45 85%  -0.65(1.03,-0.26)
Xu 2019 [24] 172 129 263 118 137 222 91% 0.41[0.23,0.59)
Zurita-Cruz 2018 [30] 2.42 0.91 31 247 061 22 7.8% -0.06 [-0.61, 0.48)
Total (95% CI) 774 587 100.0% 0.45[0.07, 0.84]

1
case Control  HDL

Std. Mean Difference
IV, Random, 95% CI

Heterogeneity: Tau®= 0.42; Chi*= 116.41, df= 12 (P < 0.00001); F= 90% t
Test for overall effect: Z= 2.30 (P = 0.02)

LDL

Case Control

Fig. 2 Forest plot of the levels of serum lipid profile in cases and healthy controls. Weights are from random effects analysis. (A) Meta-analysis of triglycer-
ide. (B) Meta-analysis of total cholesterol. (C) Meta-analysis of high density lipoprotein. (D) Meta-analysis of low density lipoprotein. Cl, confidence interval;

SD, standard difference
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Table 3 Subgroup analysis to investigate the relationship between disease type and TG, TC, HDL, LDL

Page 10 of 16

Lipid parameters

Disease type

CPP PP PA PT

TG

No. of studies 4 5 4 1

P 0% 91% 86%

SMD(95%Cl) -0.03(-0.18,0.11) 0.94(0.02, 1.87) 0.18(-0.47,0.84) 0.22(0.05,0.40)

P 0.66 0.05 0.58 0.01

TC

No. of studies 3 4 4 1

P 0% 79% 94%

SMD(95%Cl) -0.03(-0.18,0.12) 0.42(-0.24,1.09) 0.94(-0.15, 2.03) 0.20
(0.02,0.38)

P 0.66 0.22 0.09 0.03

HDL

No. of studies 3 5 4 1

? 0% 62% 76%

SMD(95%Cl) 0.00(-0.23,0.24) -0.44(-0.86,-0.02) 0.25(-0.25,0.76) -0.01(-
0.19,0.16)

P 0.98 0.04 0.32 0.87

LDL

No. of studies 3 5 4 1

? 0% 89% 94%

SMD(95%ClI) -0.02(-0.26,0.21) 0.84(0.02, 1.66) 0.56(-0.55, 1.66) 0.41(0.23,0.59)

P 0.86 0.05 032 <0.0001

CPP-central precocious puberty; PP-premature pubarche; PA-premature adrenarche; PT-prematurethelarche; TG-triglyceride; TC-Total cholesterol; HDL-high density

lipoprotein; LDL-low density lipoprotein; SMD-standard mean difference

Table 4 Subgroup analysis to investigate the relationship between geographical location and TG, TC, HDL, LDL

Lipid parameters

Geographical location

Europe Americas Central Asia Asia
TG
No. of studies 5 3 3 3
P 90% 0% 90% 57%
SMD(95%Cl) 1.02(0.18, 1.86) -0.23(-0.57,0.11) 0.27(-0.67,1.21) 0.08(-0.10,0.26)
P 0.02 0.18 0.58 039
TC
No. of studies 4 2 3 3
P 80% 0% 96% 53%
SMD(95%Cl) 042(-0.24,1.07) 0.06(-0.36, 0.49) 1.45(-0.20,3.10) 0.04(-0.13,0.22)
P 0.21 0.78 0.08 0.62
HDL
No. of studies 5 3 3 2
P 77% 0% 86% 0%
SMD(95%Cl) -041(-0.93,0.11) 0.27(-0.07,0.60) 0.07(-0.71,0.84) -0.02(-0.17,0.13)
P 0.12 0.12 0.87 0.78
LDL
No. of studies 5 3 3 2
P 90% 8% 96% 86%
SMD(95%Cl) 0.78(-0.05,1.61) 0.00(-0.35,0.36) 0.91(-0.76, 2.59) 0.19(-0.25,0.64)
P 0.07 0.98 0.28 039

TG-triglyceride; TC-Total cholesterol; HDL-high density lipoprotein; LDL-low density lipoprotein; SMD-standard mean difference
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Table 5 Subgroup analysis to investigate the relationship between sample size, case and control BMI differences and TG, TC, HDL, LDL

Lipid parameters Sample size BMI difference

<50 250 Yes No
TG
No. of studies 6 8 9 5
P 90% 60% 90% 19%
SMD(95%Cl) 0.99(0.08, 1.91) 0.01(-0.17,0.19) 0.56(0.07, 1.06) 0.10(-0.07, 0.26)
P 0.03 091 0.03 0.25
TC
No. of studies 6 6 8 4
P 91% 2% 90% 9%
SMD(95%Cl) 1.03(0.08, 1.99) 0.04 (-0.07,0.14) 0.58(0.05, 1.11) 0.10(-0.05, 0.25)
P 0.03 0.52 0.03 0.20
HDL
No. of studies 6 7 8 5
P 69% 70% 82% 0%
SMD(95%Cl) -0.36(-0.84,0.12) 0.11 (-0.14,0.36) -0.23(-0.69, 0.24) 0.04(-0.10,0.17)
P 0.14 038 034 0.60
LDL
No. of studies 6 7 8 5
P 92% 85% 93% 65%
SMD(95%Cl) 1.16(0.08,2.23) 0.05(-0.29, 0.40) 0.80(0.00, 1.61) 0.12(-0.15,0.40)
P 0.03 0.77 0.05 0.38

TG-triglyceride; TC-Total cholesterol; HDL-high density lipoprotein; LDL-low density lipoprotein; SMD-standard mean difference

Sensitivity analysis

For TG, HDL and LDL levels, there was no qualitative
change in the total effect size after study-by-study exclu-
sion, indicating that this meta-analysis results were stable
and reliable. For TC level, the results of this meta-analysis
were weakly stable and sensitive to Guven’s study [44].
Heterogeneity was reduced after excluding this study (7
from 85 to 55%), and TC levels were not statistically dif-
ferent between cases and healthy controls (P from 0.04 to
0.23).

Publication bias

Any publishing bias was found using the funnel plot
method. Systematic reviewers may be at fault for publica-
tion bias if they draw final statistical findings that do not
match the data by omitting previously unpublished lit-
erature. The shapes of the funnel plots were asymmetric
for TG, TC, HDL and LDL, and some studies fell outside
the 95% confidence interval, indicating that the asymme-
try of funnel plot might be caused by the heterogeneity
among the studies. This suggested that there was hetero-
geneity among the studies (Fig. 3).

Discussion

A total of 14 studies were selected for this meta-analysis,
with a total of 1829 girls participating. Subgroup analyses
were conducted according to disease type, region, sample
size, case and control BMI differences. This meta-analysis
revealed significant changes in lipid levels in girls with
precocious puberty: serum TG, TC and LDL levels were

significantly higher in girls with precocious puberty than
in healthy controls, while serum HDL levels in girls with
precocious puberty were not significantly different from
those in healthy controls.

Accelerated growth rates in children, especially
increased fat mass, may lead to an earlier onset of puberty
[46] and an increased risk of cardiometabolic disease
[47], in addition, increased cardiovascular morbidity and
mortality in adulthood are associated with early menar-
cheal age [13, 18]. Furthermore, the earlier the onset of
menstruation, the greater the risk of hypertension and
cardiovascular disease in adulthood [13]. Recent data,
however, indicates that this relation might be mostly
attributed to higher childhood obesity [19]. Early puberty
causes girls to develop more quickly than girls who will
experience later puberty, and as their epiphyses fuse,
they seem to maintain this growth by laying down fat.
Although greater adiposity may be principally respon-
sible for the association between early maturation and
higher cardiovascular risk, this does not fully explain the
association [13, 14], early maturity timing per se appears
to also be involved in this harmful metabolic program-
ming [15, 20]. Girls who experience adrenarche (the
rise in androgen secretion from the adrenal cortex right
before puberty) earlier in life are more likely to develop
insulin resistance, dyslipidemia, and obesity later in
life [48]. Studies show that even in the absence of obe-
sity, girls with PA are more likely to develop polycystic
ovarian syndrome (PCOS) and have a higher future risk
of developing metabolic alterations (hyperlipidemia,
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Fig. 3 Funnel plot analysis to detect publication bias. (A) Funnel plot for triglyceride. (B) Funnel plot for total cholesterol. (C)Funnel plot for high density
lipoprotein. (D) Funnel plot for low density lipoprotein. SMD, standard mean difference

diabetes, and hypertension) [49]. PP, the primary clini-
cal symptom of PA, is also associated to dyslipidemia
and insulin resistance [43]. In both animal and human
models, androgens are associated with changes in the
distribution of body fat in females; however, gonadotro-
pin releasing hormone agonist (GnRHa) medication does
not affect this mechanism [50]. Furthermore, the preva-
lence of obesity and metabolic syndrome usually occurrs
between the third and 50th years of life and appears to be
the same in treated and untreated women with a history
of CPP in childhood [51].

How dyslipidaemia causes CVD is well established.
The risk of CVD is increased by hyperlipidemia, which
is frequently diagnosed by elevated serum LDL levels.
Furthermore, due to oxidative modification of LDL, the
prevalence of atherosclerosis rises with LDL levels. As
oxidised LDL accumulates in the arterial walls of the
cardio-vascular region, atherosclerotic plaques gradually
form. The corresponding blood vessels are blocked by the
atherosclerotic plaques, which also cause atherosclerosis

and raise the risk of CVD [52]. Studies have demon-
strated that even if the amount of blood LDL is normal
[53], partial oxidation leading toatherosclerosis cannot
be excluded. Additionally, increased blood TC and TG
levels are responsible for inadequate antioxidant mecha-
nisms, which contribute to preclinical atherosclerosis
[54]. These changes are therefore partly responsible for
the increased incidence of CVD.

Interventions to prevent or reverse higher adipos-
ity trajectories in girls with precocious puberty at a very
young age may have significant effects on cardiovascular
health in adulthood. Firstly, lipid profile should be closely
monitored to detect and prevent PCOS and metabolic
syndrome. Secondly, intervention to modify the lifestyle
(e.g., additional diet and physical activity counseling) of
the girls could prevent the long-term complications of
dyslipidemia. Finally, it appears that GnRHa therapy can-
not undo the undesirable body compositional alterations
brought on by early maturation, inhibition of pubertal
progression by GnRHa treatment is instead associated
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with a continual increase in obesity [55, 56]. Hence,
it is worth initiating treatment with insulin sensitiz-
ers, such as metformin, which has been demonstrated
to be effective in girls with precocious puberty [57, 58].
Treatment with metformin resulted in reversible reduc-
tions in TG, TC, and LDL levels as well as a significant
rise in HDL level [59]. Additionally, metformin appears
to have a direct impact on ovarian steroidogenesis, spe-
cifically by lowering the production of both androgen
and estradiol [60, 61]. Metformin also reduces levels of
plasminogen activator inhibitor type 1, known to be
animportant inhibitor of fibrinolysis [62, 63]. Therefore,
in order to offer the greatest promise to decrease morbid-
ity and mortality, girls with risk factors, especially preco-
cious puberty, should be investigated and intervened for
atherosclerosis.

Subgroup analyses were conducted to further explore
the sources of heterogeneity and to more accurately eval-
uate the association between lipid profile and precocious
puberty. Heterogeneity in this meta-analysis of the cor-
relation between TG levels and precocious puberty might
be derived from disease type, region and BMI differ-
ences. The correlation between TC levels and precocious
puberty might be related to disease type, region, sample
size and BMI differences. The correlation between HDL
levels and precocious puberty might be derived from dis-
ease type, region and BMI differences. And the correla-
tion between LDL levels and precocious puberty might
be related to disease type and region. (1) Disease types
including PP, PA, PT and CPP were focused in this meta-
analysis. PP, PA and PT were the variations of CPP and
therefore have different degrees of impact on lipid pro-
file levels; (2) people in different regions have different
dietary habits, lifestyles and economic circumstances,
which have different effects on serum lipid profile; (3) all
literature included in this meta-analysis were case-con-
trol studies. If there were more cases in the case-control
studies, the findings would have been influenced by more
confounding factors; (4) being overweight has a signifi-
cant effect on lipid profiles and therefore BMLwhich is
often used as a measure of total body fat,might be one of
the sources of heterogeneity.

Subgroup analyses revealed partial sources of hetero-
geneity, but heterogeneity was still evident, so sensitiv-
ity analyses were performed. In this meta-analysis,the
combined results of TC levelsassociated with precocious
puberty were more sensitive to Guven’s study [44]. After
excluding this reference, the heterogeneity decreased (I°
decreased from 85 to 55%), therefore, Guven’s study [44]
had a significant impact on the heterogeneity of the com-
bined results. After a careful reading of the literature, TC
levels in the study was found to be estimated by enzyme
assay method, unlike other studies with colourimetric
methods or fully automated analyzers, and that other
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confounding factors may have contributed to the hetero-
geneity. The results of the sensitivity analysis showed that
the combined correlation between TG, HDL, LDL levels
and precocious puberty turned out to stable and reliable.
In addition, there are possible signs of publication bias in
this study. There is a thing called publication bias in the
medical literature, it implies a higher probability of favor-
able results being reported. Therefore, additional thought
is still required before possibly implementing the findings
in clinical practice.

To our knowledge, this is the first meta-analysis to
explore the relationship between lipid profile and pre-
cocious puberty. Clear eligibility criteria was developed,
comprehensive search was conducted, eligibility and bias
risks were both assessed, key outcomes were addressed,
sensitivity and subgroup analyses were conducted, and
quality assessment of literature were performed using
the NOS star system. However, some limitations of this
meta-analysis should be acknowledged. (1) there was sig-
nificant heterogeneity between the original studies due
to differences in sample size, background of study par-
ticipants and methods of detecting lipid levels.The shapes
of the funnel plots were asymmetric for TG, TC, HDL
and LDL, and some studies fell outside the 95% confi-
dence interval, also indicating the heterogeneity among
the studies; (2) subgroup analyses of bone age and dura-
tion of precocious puberty could not be performed due
to incomplete data. Instead, the heterogeneity may be
related to the duration of precocious puberty or bone
age, rather than physiological age per se. Because of these
factors, HDL levels in girls with precocious puberty may
be similar to those of healthy controls; (3) the main con-
founding factors affecting the lipid profiles of patients in
the original study (e.g. diet, ethnicity, physical activity,
etc.) were not adjusted, which might affect the conclu-
sion of this study. So more cohort studies adjusting for
these confounders are needed to justify the results of this
meta-analysis; (4) the studies included in this study were
all case-control studies, which would limit causal infer-
ences—whether dyslipidemia causes precocious puberty
or vice versa. Therefore, more cohort studies are needed
to predict how the lipid profile develop over time in
girls with precocious puberty; (5) the diagnostic crite-
ria for identifying precocious puberty and methods for
detecting lipid profile levels used in various studies var-
ied slightly, which might also increase heterogeneity. For
these reasons, we suggest that our conclusions should be
taken with a grain of salt.

Conclusion

In summary, this systematic review and meta-analysis
showed that serum TG, TC and LDL levels were signifi-
cantly higher in precocious puberty subjects. This implies
that girls who reach sexual maturity too early can lead
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to some changes in lipid profile and increase the risk of
developing CVD in adulthood. Thus, keeping an eye out
for CVD risk markers in early-maturing girls may be a
useful and effective disease prevention strategy during
adolescence. We recommend that lipid profile should
be assessed and comprehensively studied to ensure that
early lifestyle (e.g. diet and exercise) and/or medical
intervention (e.g., metformin) and to minimize the mor-
bidity and mortality of CVD associated with dyslipidemia
in girls with precocious puberty at follow-up. In addition,
the relationship between serum HDL levels and preco-
cious puberty needs to be further investigated.
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