
fphys-12-684532 December 2, 2021 Time: 13:18 # 1

SYSTEMATIC REVIEW
published: 08 December 2021

doi: 10.3389/fphys.2021.684532

Edited by:
Peter Natesan Pushparaj,
King Abdulaziz University,

Saudi Arabia

Reviewed by:
Surasak Saokaew,

University of Phayao, Thailand
Syed Kashif Zaidi,

King Abdulaziz University,
Saudi Arabia

*Correspondence:
Yingqing Liu

liuyingqing0821@163.com
Lingsong Tao

taolingsong2021@163.com

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Reproduction,
a section of the journal
Frontiers in Physiology

Received: 23 March 2021
Accepted: 11 October 2021

Published: 08 December 2021

Citation:
Wang J, Zhang X, Li Y, Liu Y and
Tao L (2021) Exposure to Dibutyl

Phthalate and Reproductive-Related
Outcomes in Animal Models:

Evidence From Rodents Study.
Front. Physiol. 12:684532.

doi: 10.3389/fphys.2021.684532

Exposure to Dibutyl Phthalate and
Reproductive-Related Outcomes in
Animal Models: Evidence From
Rodents Study
Jiawei Wang1†, Xi Zhang2†, Yang Li3†, Yingqing Liu1* and Lingsong Tao1*

1 Department of Urology, The Second People’s Hospital of Wuhu, Wuhu, China, 2 The State Key Laboratory of Reproductive
Medicine, Department of Urology, The First Affiliated Hospital of Nanjing Medical University, Nanjing, China, 3 Department
of Urology, Shanghai Pudong Hospital, Fudan University Pudong Medical Center, Shanghai, China

Background: Dibutyl phthalate (DBP) was an endocrine disruptor, which may lead to
cancer and affects reproductive function when accumulated in the body. But the precise
role of DBP in the reproductive system remained controversial.

Objective: We employed the meta-analysis to explore the relationship between DBP
and reproductive-related outcomes.

Methods: We searched relevant literature in PubMed, EMBASE, and Web of Science
databases. The standardized mean differences (SMDs) and their 95% CIs were
measured by random-effects models. Funnel plots and Egger’s regression test were
applied to assess publication bias.

Results: Finally, 19 literatures were included in this research. The outcomes revealed
that DBP was negatively correlated with reproductive organs weight (testis weight: SMD:
−0.59; 95% Cl: −1.23, −0.23; seminal vesicles weight: SMD: −0.74; 95% Cl: −1.21,
−0.27; prostate weight: SMD: −0.46; 95% Cl: −0.76, −0.16) and sperm parameters
(sperm morphology: SMD: 1.29; 95% Cl: 0.63, 1.94; sperm count: SMD: −1.81; 95%
Cl: −2.39, −1.23; sperm motility: SMD: −1.92; 95% Cl: −2.62, −1.23).

Conclusion: Our research demonstrated that DBP may be negatively associated with
reproductive-related indicators, especially at Gestation exposure period and middle
dose (100–500 mg/kg/day).

Keywords: review, animal experimentation, male genitalia, reproductive, DBP

INTRODUCTION

Recently, many researches have revealed that the decline of male reproductive health and fertility
was related to toxic substances found in the environment, particularly endocrine-disrupting
chemicals such as phthalates (Foster et al., 1980; Hu et al., 2020; Rodriguez-Sosa et al., 2020;
Trovalusci et al., 2020). In addition, dibutyl phthalate (DBP) was also used in building materials,
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food packaging products, children’s products, and medical
equipment all over the world, and it was ubiquitous in nature
(Guerra et al., 2010; Man et al., 2010; Jiang et al., 2011). Since DBP
may easily leak into food, water, and the ecological environment,
it has aroused widespread concern in the scientific community
and the public (Chapin et al., 1998; Aurela et al., 1999; Petersen
and Breindahl, 2000). Recently, a study stated that urine samples
from 289 adult reference populations contained 7 to 294 ng/ml
monobutyl phthalate (Petersen and Breindahl, 2000). Hence,
because of the widespread existence of DBP, the safe dose of
DBP and its harm to the human body have attracted adequate
attention. The US Food and Drug Administration (FDA) has set
the safe reference dose (RfD) at 0.1 mg/kg/d for humans based
on a 1,000-fold reduction of the dose used in the rodent study
(Smirnova et al., 2021).

Many studies have employed animal models to explore
the function of DBP in the reproductive system and have
obtained preliminary results. But, the experimental results
were controversial because of differences in animal models,
dosages, and methods of administration. In addition, there
were controversies as to whether there was a dose-dependent
relationship between DBP and reproductive system; whether the
exposure days had great relation with the negative outcomes;
whether the exposure period in gestation was more harmful
than the postnatal period; and so on. For instance, one research,
conducted by Martino-Andrade et al. (2009) showed that in
the Wistar rat model, a high dose (500 mg/kg/d) of DBP
caused an increase in sperm count. However, another research,
conducted by Ahmad et al. (2014) revealed that at low doses
(50 mg/kg/d) of DBP, the sperm count of Albino rats was
significantly reduced.

Therefore, we conducted this study to evaluate the existing
animal models more strictly through systematic analysis of the
experimental studies that reported the influence of DBP on the
reproductive system. These experiment researches reported the
relationship between DBP dose, exposure time and exposure
period, and reproductive-related outcomes: sperm morphology,
sperm count, sperm motility, testis weight, prostate weight, and
seminal vesicle weight (Table 1).

METHODS

This meta-analysis abided by the Systematic Review Centre for
Laboratory Animal Experimentation (SYRCLE; Zhang et al.,
2020) and PRISMA guidelines (Tekin et al., 2020).

TABLE 1 | PECO statement (population, exposure, comparator and outcomes).

Variable Description

Population Experimental animal studies

Exposure Exposure to dibutyl phthalate

Comparator Animals exposed to corn oil treatment

Outcomes Sperm motility, sperm count, sperm abnormalities,
testis weight, seminal vesicle weight, prostate
weight

Search Strategy
From establishment to November 2020, we searched PubMed,
EMBASE, and Web of Science databases to include all researches
on the impact of DBP on the reproductive system. The
search strategy in PubMed, EMBASE, and Web of Science
databases contained the fields of Medical Subject Heading
(MeSH) terminologies: “dibutyl phthalate,” “genitalia,” “rodentia,”
and “spermatozoa.” Meanwhile, we used “AND” and “OR” to
combine these terminologies. Supplementary Table 1 showed
the synthetically searched strategies.

Study Selection
The process of screening literature consisted of two steps
and was done independently by two researchers at the same
time. First, we searched the title and abstract of the article to
exclude articles irrelevant to this research. Second, we further
searched the full text of the article to include articles that meet
the inclusion criteria. When necessary, we resolved differences
through discussion.

The inclusive criteria were as follows: (1) laboratory animal
research; (2) exposure to DBP; and (3) target outcome indicators
(at least one indicator: testis weight, sperm count, seminal vesicle
weight, sperm morphology, sperm motility, prostate weight).

The exclusive criteria were as follows: (1) no animals research;
(2) vitro experiments; (3) non-randomized controlled trials; (4)
no reproductive-related outcomes; (5) exposure to chemicals
other than DBP; (6) the experimental subgroup was exposed to
the mixture of DBP and other chemicals; and (7) the baseline data
of the experimental subgroups and the control subgroups were
significantly different.

Study Characteristics and Data
Extraction
We used predesigned data extraction tables to extract data from
included studies for evaluation and analysis. All eligible studies
recorded the following characteristics and data: (1) the year of
publication and the name of the first author; (2) the number
and species of animals; (3) the time, dose, and DBP exposure
route; (4) exposure days and exposure period; and (5) the
result data were expressed by mean ± SD. When the data were
missing or ambiguous, we tried to contact the author to obtain
the original data.

Risk of Bias and Methodological Quality
Assessment
We used SYRCLE’s risk of bias (RoB) tool to evaluate the
risk of bias in the included studies. SYRCLE’s RoB tool
could be adjusted for biases that played a particular part in
animal experiments (Hooijmans et al., 2014). According to
the descriptions of SYRCLE’s RoB tool, the authors (ZX and
JW) autonomously evaluated the risk of bias and settled the
differences through discussion if necessary. The RoB tool was
made up of 10 projects that could assess six forms of biases:
selection, performance, reporting, detection, attrition, and other
bias (Hooijmans et al., 2014). The detailed information was
shown in Supplementary Table 2.
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Statistical Analysis
We used Stata 14.0 software (Stata Corporation, College Station,
TX, United States) to analyze the data. The P-value was
bilateral and if P ≥ 0.05, there was no statistical significance.
In the meta-analysis, heterogeneity tests were performed for
standardized mean differences (SMDs), Cochrane Q test (Lau
et al., 1997), and inconsistent index values (I2) (Higgins et al.,
2003). According to the requirements of nucleoside triphosphate
(NTP) 2015 (Nelson et al., 2020), the I2 used to measure
heterogeneity was considered as no serious heterogeneity,
moderate heterogeneity, and substantial heterogeneity at <50,
50–75, and >75%, respectively. At the same time, the subgroup
analysis was carried out according to the schematic diagram
defined in the PROSPERO scheme to find the logical causes
of heterogeneity, including exposure dose, exposure days, and
exposure period.

We first determined the publication bias by visually inspecting
the symmetry of the funnel chart. However, due to the subjective
nature of the visual inspection, we subsequently used Egger’s test
for further verification. When the value was greater than 0.1,
the P-value of Egger’s test was deemed to have no significant
publishing bias. In addition, we further investigated the potential
conflict of interest sections related to the source of funds. DBP
was of great economic and commercial value, and when non-
governmental organizations (NGOs) (or industry) sponsored this
research, there may be potential publishing bias.

Therefore, we classified the publication bias research with
strong suspicion into three situations or a combination of three
situations: asymmetric funnel map; lag time of “negative results”
researches; and NGO funding or conflict of interest, which
would lower the confidence rating. To evaluate the robustness
of the consolidated outcomes, we employed a sensitivity analysis.
Besides, to exclude studies that lead to significant deviations in
the combined effect size, we used Stata software to screen the
studies in turn.

RESULTS

Features of Included Studies
The flow chart of the literature retrieval and selection process
was shown in Figure 1. By combining the search result in
EMBASE, Web of Science, and PubMed, a total of 133 studies
were initially found, but 76 duplicate studies were excluded. Next,
28 studies were reserved after screening the titles and abstracts.
Through the evaluation of the rest of the researches, nine
researches, including conference reports, non-human studies,
or studies unrelated to the analysis, were excluded. In the
end, we included 19 researches for analysis (Tsutsumi et al.,
2004; Zhang et al., 2004; Farombi et al., 2007; Hutchison
et al., 2008; Kim et al., 2010; Scarano et al., 2010; Bao
et al., 2011; Ahmad et al., 2014; Giribabu et al., 2014; Nair,
2015; Aly et al., 2016; Dobrzyńska et al., 2017; Giribabu and
Reddy, 2017; Nelli and Pamanji, 2017; Negrin et al., 2018; de
Souza et al., 2019; Venturelli et al., 2019; Wang et al., 2019)
(Table 2).

Risk of Bias Evaluation
The preliminary analysis outcomes of RoB’s assessment were
shown in Supplementary Table 2 and Figure 2. Most
outstandingly, many items were evaluated as “unclear,” which
may cause RoB to be unclear. Regarding selection bias (Q1–
Q3), the most enrolled studies (17 of 20) randomly allotted the
experimental animals (Q1); all the studies provided the baseline
information (most weight, age, or both of them) on experimental
animals (Q2); but no study revealed the condition, whether
their assignment of different groups was well concealed (Q3).
On the spectrum of Q4 and Q5 (performance bias), only three
studies stated that the animals were randomly housed during the
experiment (Q4) and no study showed that the caregivers and/or
investigators were blinded from knowledge which intervention
each animal received during the experiment (Q5). For detection
bias (Q6 and Q7), no study stated that randomly selected animals
were evaluated, yet only one study reported the outcome assessor
was blinded. All studies had an unclear risk of attrition bias and
reporting bias (Q8 and Q9). There were no other problems in the
experiment that could lead to a high risk of bias (Q10).

Influences of Dibutyl Phthalate on the
Reproductive System
Tables 3, 4 provided the overall meta-analysis outcomes of
enrolled researches. Complete forest figures were shown in
Supplementary Figures 2–7.

Sperm Parameters
In this article, we analyzed the impact of DBP on sperm count,
sperm morphology, and sperm motility (Table 3). The results
showed that DBP had significantly negative correlation with
sperm count (SMD: −1.81; 95% Cl: −2.39, −1.23). In addition,
in the DBP exposure period grouping, gestation showed more
severe sperm damage (SMD: −3.24; 95%Cl: −4.54, −1.96)
compared with postnatal (SMD: −1.28; 95%Cl:− 1.85, −0.70).
Interestingly, the shorter the exposure days, the greater the
damage to sperm by DBP. Besides, regardless of dosage, sperm
count decreased and the middle dose subgroup (SMD: −2.41;
95% Cl: −3.41, −1.40) showed the most negative effects than
the low-dose and high-dose groups. Additionally, the outcomes
revealed that DBP was related to the reduction of sperm motility
(SMD: −1.92; 95% Cl: −2.62, −1.23), especially in the middle
dose subgroup (SMD: −1.96; 95% Cl: −2.85, −1.07), gestation
subgroup (SMD: −3.58; 95% Cl: −4.99, −2.16), and exposure
day ≤15 subgroup (SMD: −2.93; 95% Cl: −3.95, −1.92).
Furthermore, the results showed that DBP had negative influence
on sperm morphology (SMD: 1.29; 95% Cl: 0.63, 1.94), and
the negative influence was more significant in the subgroup of
gestation (SMD: 2.45; 95% Cl: 1.12, 3.78), middle dose (SMD:
1.80; 95% Cl: 0.42, 3.19), and exposure days≤15 (SMD: 3.37; 95%
Cl: 1.74, 5.01).

Organ Weights
Among the 19 included researches, 16 researches included
the relationship between DBP and reproductive organ
weight, including testis weight, prostate weight, and seminal
vesicle weight (Table 4). In the three subgroups, low dose
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FIGURE 1 | Flow diagram of literature search and selection process.

(<100 mg/kg/d), postnatal, and exposure days (>15 days),
we did not observe a significant correlation between DBP and
reproductive organ weight. In view of the endocrine disrupting
effects of DBP, this result exceeded our expectations. For testis
weight (SMD: −0.59; 95% Cl: −1.23, −0.23), the negative
influence of subgroups, including gestation group (SMD: −0.91;
95% Cl: −1.41, −0.41) and exposure days (≤15 days) group
(SMD:−0.77; 95% Cl:−1.27,−0.26), was greater than that of the
opposite subgroups. Besides, the middle dose (100–500 mg/kg/d)
had the most negative effects in the dosages. Similarly, on
the aspect of seminal vesicle weight (SMD: −0.74; 95% Cl:
−1.21, −0.27), subgroup analysis revealed that the seminal
vesicle weight decreased more significantly in the exposure days
≤15 subgroup (SMD: −1.25; 95% Cl: −1.85, −0.64), gestation
subgroup (SMD: −1.11; 95% Cl: −1.68, −0.54), and middle
dose subgroup (100–500 mg/kg/d) (SMD: −0.93; 95% Cl: −1.62,
−0.24). Besides, in terms of prostate weight (SMD: −0.46;
95% Cl: −0.76, −0.16), it seemed that the gestation subgroup
(SMD: −0.64; 95% Cl: −1.03, −0.26) had more negative effects
on prostate weight than the postnatal subgroup (SMD: −0.04;
95% Cl: −0.30, 0.22). Meanwhile, the high dose subgroup
(>500 mg/kg/d) (SMD: −1.17; 95% Cl: −2.23, −0.10) had the
most negative impact on prostate weight.

Publication Bias
Supplementary Figure 1 (Funnel plots) and Supplementary
Table 3 (Egger’s test) presented the result of publication
bias, which indicated notably publication bias in sperm
count, sperm morphology, sperm motility, testis weight, and
seminal vesicle weight.

Next, we processed the above asymmetric funnel diagram by
the trim and filling method, and the results showed that only
sperm morphology can eliminate publication bias by the trim and
filling method. As shown in Supplementary Figure 8, we need
to continue to include three documents with similar results that
are similar to those of authors Zhang et al. (2004), Farombi et al.
(2007), Ahmad et al. (2014), and Giribabu (2016) to ensure the
symmetry of the funnel chart and eliminate publication bias.

Sensitivity Analyses
Sensitivity analysis examined the impact of each study by
ignoring one study at a time and repeating the meta-analysis.
Supplementary Table 4 exhibited the result, and there was no
change in the associative direction by sensitivity analysis.

DISCUSSION

Dibutyl phthalate was a common chemical substance, which may
affect developmental plasticity and damage reproductive organ
weight such as the testis and seminal vesicle (Jiang et al., 2017;
Barakat et al., 2019; Chen et al., 2020). As a matter of fact,
it has been widely studied that DBP affected spermatogenesis
and reproductive organ weight through endocrine disruption
(Moody et al., 2014; Gardner et al., 2016; Pan et al., 2017;
Rashad et al., 2018). However, the role of DBP in different
exposure periods, different exposure days, and the safe dose was
still controversial.

Compared with a single study, the meta-analysis may give
more dependable outcomes and a vigorous implementation for
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TABLE 2 | Characteristics of enrolled studies.

References Species (strain) Dose in
mg/kg/bw/day

Exposure
period

Exposure
route

Exposure
days

Effects on male reproduction
extracted in the analysis

de Souza et al.,
2019

Rat (Sprague-Dawley) 500 GD21-PND112 Diet 112 Testis weight

Wang et al., 2019 Rat (Sprague-Dawley) 50/500/1000 PND35-PND70 Diet 35 Sperm count, sperm abnormalities

Venturelli et al.,
2019

Rat (Wistar) 5/50/500 GD13-PND21 Gavage 31 Testis weight, Seminal vesicle
weight, prostate weight

Negrin et al., 2018 Rat Mongolian gerbils
(Meriones unguiculatus)

100 GD8-GD23 Gavage 15 Testis weight, sperm count

Dobrzyńska et al.,
2017

Mice (Pzh:Sfis outbred
male mice)

500/2000 PND31-PND59
PND31-PND87

PND31-
PND115 (3

times a week)

Gavage 28/56/84 Testis weight, sperm count, sperm
abnormalities, sperm motility

Giribabu and
Reddy, 2017

Rat (Wistar) 100/500 GD1,7,14 Injection 3 sperm abnormalities

Giribabu and
Reddy, 2017

Rat (Wistar) 100/500 PND90-
PND155

Injection 65 Testis weight, Sperm count, sperm
motility, sperm abnormalities,

seminal vesicle weight, prostate
weight

Aly et al., 2016 Rat (Wistar) 200/400/600 PND97-
PND112

Gavage 15 Testis weight, sperm count, sperm
motility

Nair, 2015 Rat (Wistar) 500/1000/1500 PND49-PND56 Oral 7 Testis weight

Ahmad et al., 2014 Rat (Albino) 2/10/50 GD14-PND1 Oral 10 Testis weight, sperm count, sperm
motility, sperm abnormalities,

seminal vesicle weight, prostate
weight

Giribabu et al.,
2014

Rat (Wistar) 100/500 GD1,7,14 Gavage 3 Testis weight,seminal vesicle
weight, prostate weight, sperm

count, sperm motility

Bao et al., 2011 Rat (Sprague-Dawley) 0.1/1/10/100/500 PND35-PND65 Gavage 30 Testis weight

Scarano et al.,
2010

Rat (Wistar) 100 GD12-PND21 Gavage 32 Testis weight, seminal vesicle
weight, prostate weight

Kim et al., 2010 Rat (Sprague-Dawley) 250/500/700 GND10-
GND19

Gavage 9 Testis weight, seminal vesicle
weight, prostate weight

Martino-Andrade
et al., 2009

Rat (Wistar) 100/500 GD13-GD21 Oral 8 Testis weight, seminal vesicle
weight, prostate weight

Hutchison et al.,
2008

Rat (Wistar) 500 GD13.5-
GD21.5

Gavage 8 Testis weight

Farombi et al.,
2007

Rat (Wistar) 2000 PND49-PND58 Gavage 9 Testis weight, sperm count, sperm
motility, sperm abnormalities,

seminal vesicle weight, prostate
weight

Tsutsumi et al.,
2004

Rat (F344) 60/250/1000 PND77-
PND105

Diet 28 Testis weight, sperm motility, sperm
abnormalities, sperm count,

seminal vesicle weight

Zhang et al., 2004 Rat (Sprague-Dawley) 50/250/500 GD1 – PND21 Gavage 54 Sperm abnormalities, sperm
motility, sperm count, prostate

weight

interpreting controversial conclusions. Therefore, we conducted
the research to confirm whether DBP had a significant influence
on the reproductive system in different subgroups. To our
knowledge, this meta-analysis was the first study to attend
to concentrate on the influence of the safety dose, exposure
days, and exposure period of DBP on the reproductive system
in animals. In this meta-analysis, we discovered that the
middle dosages of DBP and gestation exposure period may
cause damage to the function of the reproductive system,

especially in sperm count, sperm motility, percentage of
sperm morphology, testis weight, seminal vesicle weight, and
prostate weight.

Our results showed that DBP had a strong association with
sperm parameters. To be honest, the negative effects of DBP
on sperm parameters have been widely concerned and explored.
However, the mechanism of DBP on sperm has not been clearly
studied, but the following mechanisms may be mentioned. On the
one hand, DBP had an endocrine-disrupting effect, which leads to
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FIGURE 2 | The preliminary analysis results of RoB’s assessment and methodological quality indicators.

TABLE 3 | The result of meta-analysis in organ weight.

Analysis Total/subgroups SMD(95%CI) I2% Pa No. studies
(no.comparisons)

Testis weight Total −0.59 (−0.95, −0.23) 84.2 <0.001 15 (38)

Low dose (<100 mg/kg/d) −0.37 (−1.12, 0.39) 88.0 <0.001 4 (9)

Moderate dose (100–500 mg/kg/d) −0.72 (−1.23, −0.22) 84.2 <0.001 14 (21)

High dose (>500 mg/kg/d) −0.55 (−1.23, 0.14) 74.6 <0.001 5 (8)

Exposure ≤ 5 days −0.77 (−1.27, −0.26) 80.6 <0.001 7 (17)

Exposure >15 days −0.45 (−0.98, 0.06) 86.2 <0.001 8 (21)

Exposure period (gestation) −0.91 (−1.41, −0.41) 79.5 <0.001 9 (17)

Exposure period (postnatal) −0.33 (−0.83, 0.16) 85.6 <0.001 6 (21)

Prostate weight Total −0.46 (−0.76, −0.16) 70.7 <0.001 9(20)

Low dose (<100 mg/kg/d) −0.58 (−1.23, 0.08) 74.9 0.001 3 (6)

Moderate dose (100–500 mg/kg/d) −0.29 (−0.57, −0.01) 42.6 0.058 7 (12)

High dose (>500 mg/kg/d) −1.17 (−2.23, −0.10) 76.8 0.038 2 (2)

Exposure ≤15 days −0.69 (−1.19, −0.19) 75.6 <0.001 5 (11)

Exposure >15 days −0.25 (−0.59, 0.08) 56.6 0.018 4 (9)

Exposure period (gestation) −0.64 (−1.03, −0.26) 72.7 <0.001 7 (15)

Exposure period (postnatal) −0.04 (−0.30, 0.22) – – 2 (5)

Seminal vesicles weight Total −0.74 (−1.21, −0.27) 83.5 <0.001 7 (17)

Low dose (<100 mg/kg/d) −0.28 (−1.03, 0.47) 76.8 0.001 3 (6)

Moderate dose (100–500 mg/kg/d) −0.93 (−1.62, −0.24) 85.3 <0.001 6 (9)

High dose (>500 mg/kg/d) −1.09 (−1.54, −0.64) – – 2 (2)

Exposure ≤15 days −1.25 (−1.85, −0.64) 80.0 <0.001 4 (10)

Exposure >15 days 0.08 (−0.38, 0.53) 59.8 0.021 3 (7)

Exposure period (gestation) −1.11 (−1.68, −0.54) 79.7 <0.001 5 (11)

Exposure period (postnatal) 0.04 (−0.48, 0.57) 66.3 0.011 2 (6)

Effect sizes are expressed as the SMD with 95% CIs calculated using random-effects or fixed-effects models. Positive SMDs represent an increase in the outcome
measure after exposure. Negative SMDs represent a decrease in the outcome measure after exposure.
Pa is a measure of heterogeneity. P > 0.1; Random-effects model was used when p value for heterogeneity test <0.1; otherwise, fixed-effects model was used.
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TABLE 4 | The result of meta-analysis in sperm parameters.

Analysis Total/subgroups SMD(95%CI) I2% Pa No. studies
(no.comparisons)

Sperm count Total −1.21 (−2.39, −1.23) 79.4 <0.001 10 (25)

Low dose (<100 mg/kg/d) −1.62 (−2.92, −0.32) 76.5 0.002 3 (5)

Moderate dose (100–500 mg/kg/d) −2.41 (−3.41, −1.40) 85.0 <0.001 8 (13)

High dose (>500 mg/kg/d) −0.95 (−1.54, −0.36) 43.2 0.103 5 (7)

Exposure ≤15 days −3.02 (−3.93, −2.10) 70.6 <0.001 5 (10)

Exposure >15 days −1.03(−1.63, −0.44) 72.0 <0.001 5(15)

Exposure period (gestation) −3.24 (−4.54, −1.95) 79.5 <0.001 4 (7)

Exposure period (postnatal) −1.28 (−1.85, −0.70) 73.2 <0.001 6 (18)

Sperm motility Total −1.92 (−2.62, −1.23) 78.4 <0.001 7 (19)

Low dose (<100 mg/kg/d) −1.69 (−3.29, −0.08) 78.7 0.003 2 (4)

Moderate dose (100–500 mg/kg/d) −1.96 (−2.85, −1.07) 75.9 <0.001 5 (10)

High dose (>500 mg/kg/d) −2.15 (−3.94, −0.35) 87.1 <0.001 4 (5)

Exposure ≤ 5 days −2.93 (−3.95, −1.92) 61.5 0.016 3 (7)

Exposure >15 days −1.34 (−2.12, −0.57) 76.8 <0.001 4 (12)

Exposure period (gestation) −3.58 (−4.99, −2.16) 74.8 0.001 3 (6)

Exposure period (postnatal) −1.24 (−1.87, −0.61) 67.6 <0.001 4 (13)

Sperm abnormality Total 1.29 (0.63, 1.94) 83.0 <0.001 5 (16)

Low dose (<100 mg/kg/d) 1.09 (0.18, 2.00) 66.7 0.017 3 (5)

Moderate dose (100–500 mg/kg/d) 1.80 (0.42, 3.19) 91.2 <0.001 4 (8)

High dose (>500 mg/kg/d) 1.09 (0.4, 1.79) 41.5 0.144 3 (5)

Exposure ≤15 days 3.37 (1.74, 5.01) 83.1 <0.001 3 (6)

Exposure >15 days 0.59 (0.00, 1.17) 75.1 <0.001 3 (12)

Exposure period (gestation) 2.45 (1.12, 3.78) 91.2 <0.001 3 (8)

Exposure period (postnatal) 0.64 (0.10, 1.17) 51.3 0.030 3 (10)

Effect sizes are expressed as the SMD with 95% CIs calculated using random-effects or fixed-effects models. Positive SMDs represent an increase in the outcome
measure after exposure. Negative SMDs represent a decrease in the outcome measure after exposure.

a significant decrease in testosterone. The decrease of testosterone
level may lead to the interruption of the connection between
germ cells and sertoli cells, resulting in the decrease of live sperm
(Chuang et al., 2020). On the other hand, DBP may penetrate
the blood-testis barrier, harm the Leydig cells and sertoli cells,
interfere with sperm growth and development, and eventually
lead to increased sperm aberration rate (Campbell et al., 2020).
Last but not the least, the activity of γ-glutamyl transpeptidase (γ-
GT) in the testis of DBP-treated rats was significantly increased.
γ-GT was a marker enzyme of sertoli cell function. The activity
of this enzyme was inversely proportional to the number and
maturity of spermatozoa, which may be related to the change of
the function of this enzyme in the maturation and development
of germ cells and spermatozoa (Bell et al., 2020). As a matter
of fact, from the subgroup analysis, we found that the negative
effects of DBP exposure from gestation were more serious than
those from postnatal, which may be explained that in the process
of fetal gonadal differentiation, neonatal testicular development,
and the final maturation and differentiation of adolescent testes,
androgen levels had the most significant influence on fetal
gonadal differentiation (Dobrzyńska et al., 2017). What is more,
the low dose of DBP had no significant effect on the weight of
reproductive organs, but it was negatively correlated with sperm
parameters, which was inconsistent with the safe dose. Besides,
the middle dose had a more significant influence than the high

dose, but the specific reason was still unclear. It may be due to
the limited literature to explore the high dose. Therefore, more
studies were needed to prove the safe dose and explore the effect
of high dose on reproduction.

In terms of testis weight, prostate weight, and seminal vesicle
weight, DBP might decrease the weight of reproductive organs.
From the subgroup analysis, our data suggested that the exposure
period gestation had stronger effects on organs weight, but the
exposure period postnatal had no significant relation, which
may be because low-dose DBP had a “stimulating effect” on
postnatal rats (Bao et al., 2011). On the one hand, low-dose
DBP had a stimulating effect on serum estradiol (E2), luteinizing
hormone (LH), and follicle stimulating hormone (FSH). E2 in
the testis can be converted to T by aromatase, and the activity
of aromatase was regulated by FSH and LH (Dorrington et al.,
1978; Canick et al., 1979). Therefore, the increase in T may be
due to the multilevel crosstalk between T, E2, LH, and FSH.
On the other hand, low-dose DBP will increase the expression
of SOD1 [Cu/Zn superoxide dismutase (SOD)], which reflected
the relatively mild oxidative stress experienced by Leydig cells
(Luo et al., 2006). In addition, SOD1 may act as a pivotal part
in cell proliferation (Takemura et al., 2006) and biosynthesis of
steroids (such as T) (Sasaki et al., 1994). But, high-dose DBP
exhibited testicular toxicity to postnatal rats and restricted the
development of reproductive organs by suppressing the level of T.
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Thus, when combined with high-dose and low-dose DBP studies,
their opposite effects may be neutralized. Besides, the most
significant impact of DBP on sertoli cell proliferation/number
and testosterone levels in the testis occurred in the late pregnancy
(Scott et al., 2008). When male rats are exposed in the uterus,
DBP acted as an anti-androgen by reducing the production of
fetal testosterone, thereby interfering with the development of
reproductive organs.

Our data results showed that DBP had a strong correlation
with sperm parameters and reproductive organ development.
However, these findings may be limited to a certain extent by the
dose of the DBP, majority of the studies we participated in this
meta-analysis measured results of ≥100 mg/kg/d, which may be
a node with a greater damaging effect. In fact, the outcomes of the
subgroup analysis revealed that the greater the dose, the greater
the harm of DBP to the reproductive system. This limitation
meant that when it came to issues such as the safe dose of DBP
and the hazards of small doses, it was necessary to carefully
interpret the research results. We believed that more researches
on this aspect were necessary.

Finally, although we were rigorously abided by the guiding
principle of SRYCLE and obtained reliable statistical evidence
of this study, there was still some faultiness that needed to be
noted. First, most of the studies we analyzed had unknown
RoBs because various projects were rated as “unclear” in
terms of evaluation and methodological quality. Meanwhile,
there were some gaps in the timing of data collection. In
reality, it was common in most animal experiments. In
order to correct such conditions, researchers may utilize a
detailed list to improve the quality of the experiment in
the future, such as the ARRIVE guidelines et al. (Kilkenny
et al., 2012). Second, the heterogeneity of this study was
inevitable, but subgroup analysis did not effectively reduce
heterogeneity, suggesting that the heterogeneity may be related
to the variety of experimental design and quality. Hence, the
interpretation of the results should be cautious. Third, due to
the limitation of data, there was no direct evidence of harm
like pathology. In addition, there were few studies with doses
lower than 100 mg/kg/d, which may lead to significant deviation
and reduce confidence. Therefore, if there were more direct

and accurate experiments in the future, the outcomes would
be more precise.

CONCLUSION

In conclusion, this systematic review helped us to understand the
reproductive toxicity of DBP exposure. The results of this paper
showed that DBP had a significant negative effect on the weight
of testis, epididymis, and seminal vesicles. Second, it was mainly
found that it harmed the sperm parameters: sperm motility,
sperm morphology, and sperm count. In addition, lower than the
safe dose of DBP still showed negative effects on reproductive
system outcomes. All in all, our research can also be used to
help scholars more fully understand the role of DBP in the
reproductive system and we believe that in the future, more
studies will pay close attention to the role of DBP, so that the
understanding of DBP toxicity will be clearer.
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