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Maternal cosmetics use during 
pregnancy and risks of adverse 
outcomes: a prospective cohort 
study
Huixia Li1,2, Jianfei Zheng3, Hua Wang2,4, Guangwen Huang1, Qun Huang1, Na Feng5 & 
Juan Xiao1

To probe into the associations between maternal personal cosmetics use during pregnancy and 
risk of adverse outcomes, and explore the potential dose-response relationships, we carried out a 
prospective cohort study involving 9710 pregnant women in Zhuzhou City and Xiangtan City in Hunan 
province during 2016–2017. A structured questionnaire was used to collection information for the 
pregnant women and their pregnancy outcomes. Odds ratios (OR) and 95% confidence intervals (CI) 
were calculated by binary or multinomial logistic regressions. The study population included 4652 
(47.9%) cosmetics non-users and 5058 (52.1%) cosmetics users. Cosmetics use was associated with 
an increased risk of small for gestational age (SGA) (aOR = 1.23, 95%CI 1.04 to 1.44), compared with 
cosmetics non-users. A positive dose-response relationship between frequency of cosmetics use and 
SGA was observed, although a borderline association was found at low use frequency (1–2 times per 
week; aOR = 1.18, 95%CI 0.99 to 1.40) and moderate use frequency (3–4 times per week; aOR = 1.23, 
95%CI 0.92 to 1.64). High-frequency of cosmetics use (≥5 times per week) was significantly correlated 
with a higher risk of SGA (aOR = 1.83, 95%CI 1.25 to 2.69). No significant association between personal 
cosmetics use and the risk of preterm birth, low birth weight, macrosomia, or large for gestational age 
was observed. The present study suggests that personal cosmetics use will increase the risk of SGA, but 
further research is required to determine which cosmetic products may account for the higher risk of 
SGA.

Cosmetic products are necessities in our daily life and mostly used by young women, including pregnant women. 
Recent cross-sectional studies show 60–80% of pregnant women also use cosmetic products, including facial 
cleaner, day cream, foundation, mascara, lipstick, eye pencil, eye shadow and make-up remover1–3. Cosmetics 
products contain various chemical substances (e.g. phthalates, parabens, formaldehyde, dioxane, nitrosamine, 
hydroquinone, phenol, organic solvents) and heavy metals (e.g. Pb, Hg, As, Cd, Cr, Sb, Ni), which are either added 
purposely as efficacy components to enhance the skin care effect of cosmetic products or brought in from the raw 
materials, auxiliary materials or technical problems during the production process4–7. Cosmetics use is reportedly 
related with increased personal exposure to parabens, phthalates and benzophenone2–4,8,9.

Since the majority of cosmetic products are used directly onto skins, the hazardous chemicals can directly pass 
the epidermal barrier to the dermis of the human body and thereby enter the systemic blood circulation, which 
potentially damage the fertility and reproductive health of women. Some of these chemicals are related to adverse 
pregnancy outcomes. For example, a French case-control study shows maternal prenatal exposure to phenols 
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(2,4-dichlorophenol and 2,5-dichlorophenol) is inversely correlated with male birth weight10, and two studies 
suggest pregnant exposure to phthalates is associated with preterm birth or pregnancy loss11,12.

Previous studies show occupational exposure of pregnant women to cosmetic products (e.g., hairdressers and 
cosmetologists) is associated with miscarriage, perinatal mortality, preterm birth, low birth weight, and small 
for gestational age (SGA) and other adverse pregnancy outcomes13–17. A retrospective cohort study in New York 
State implies that licensed cosmetologists are prone to have low birth weight babies compared to licensed real-
tors15. Two registry-based studies indicate an elevated risk of SGA for cosmetologists compared to other working 
women14,16. A recent meta-analysis confirms cosmetologists are under higher risk of infertility, fetal death, and 
preterm birth than the general population17. However, these studies focus on adverse pregnancy outcomes of 
occupational exposure to cosmetic products, but not personal exposure.

So far as we know, there is no study reporting the relationship between maternal cosmetics use (personal use 
of cosmetics) during pregnancy and risks of adverse pregnancy outcomes. This large Chinese prospective cohort 
study was aimed to examine such associations and potential dose-response relationships. The adverse pregnancy 
outcomes concerned included preterm birth, low birth weight, macrosomia, SGA and large for gestational age 
(LGA).

Methods
Study population. Pregnant women at 16 ± 2 weeks of gestation were recruited from local midwifery hos-
pitals (e.g. community hospitals, general hospitals, traditional Chinese medicine hospitals, perinatal care centers) 
in Zhuzhou City and Xiangtan City, Hunan Province, China, between September 2016 and August 2017. The 
follow-up period lasted from the first antenatal care visit to 42 days after delivery.

Inclusion criteria were: (1) singleton pregnancy; (2) residence in the study areas during the follow-up 
period; (3) explicit cosmetics use status and frequency; (4) provision of informed consent. Exclusion criteria 
were: (1) miscarriage or termination of pregnancy; (2) infants with congenital anomalies; (3) infants with miss-
ing gestational age, birth weight or sex; (4) gestational age older than 42 weeks; (5) profession as hairdresser or 
cosmetologist.

Data collection. During prospective follow-up, the data concerning the pregnancy outcomes of pregnant 
women and the birth of infants were acquired by research midwives who had underwent a unified training. The 
status of cosmetics exposure was determined by directly asking each pregnant woman on the recruitment day 
if she used cosmetics during pregnancy. According to the self-reported use or no-use of cosmetic products at 
any time during pregnancy, the pregnant women were divided into two groups: cosmetics users and cosmetics 
non-users. The data of pregnancy outcomes were acquired by using a structured questionnaire. At the first ante-
natal care visit, research midwives interviewed every recruited pregnant woman face-to-face to collect demo-
graphic and clinical characteristics, including maternal age, residence, ethnicity, education level, occupation, 
parity, abnormal reproductive history and pre-pregnancy body mass index (BMI), pregnancy comorbidity and 
date of last menstrual period (LMP). After delivery, all infants were examined within the first 24 h by neonatol-
ogists in these hospitals. Information regarding infants was recorded opportunely, including birth weight, gesta-
tional age at birth, sex, and occurrence of congenital anomaly.

Cosmetics exposure. Cosmetics use was defined as having used any personal face hygiene care products 
(e.g., facial cleaner, astringent, smoothing toner, moisturizer, day cream, night cream, sun screen, facial scrub 
and facial mask) or make-up products (e.g., foundation, blush, concealer, shading powder, luminizer, brow pen-
cil, brow powder, eye shadow, eye pencil, mascara, lipstick, lip liner, lip gloss, make-up remover, nail polish, 
nail saver, nail polish remover and perfume) during pregnancy. Only personal use of cosmetic products was 
considered, but not occupational exposure. The use of cosmetics was evaluated according to general use habits. 
Cosmetics users were asked about the use frequency, which was divided into low, moderate and high frequency 
with 1–2, 3–4, and ≥5 times per week, respectively.

Definitions of covariates. Maternal age was classified into five scales: ≤20, 21–25, 26–30, 31–35 and >35 
years. Residence was divided into urban and nonurban residences. Ethnicity was classified into Han and minor-
ities (the other 55 ethnicities in China except Han). Education level was classified (1) primary school and below, 
(2) middle school, and (3) college and above. Occupations included farmer, worker, administrative staff, and 
business/company staff and else. History of abnormal reproduction covered miscarriage, stillbirth, neonatal 
death, preterm birth, low birth weight or congenital anomaly. Women with pre-pregnancy BMI <18.5, 18.5–25.0, 
and ≥25.0 kg/m2 were classified as underweight, normal weight and overweight, respectively (BMI = weight just 
before pregnancy divided by height squared)18. Pregnancy comorbidity was defined as pregnant women had 
suffered from acute or chronic disease during pregnancy, such as hypertension, diabetes, heart or liver or kidney 
disease, hyperthyroidism, hypothyroidism, anemia, etc. These covariates were considered as potential confound-
ers probably influencing the relationship between cosmetics use and adverse pregnancy outcomes and should be 
controlled in the analysis.

Outcome measures. Birth weight was defined as the weight of each infant measured within 24 hours of 
birth. Gestational age was defined as the duration of pregnancy from the first day of LMP to birth. If LMP was 
uncertain, gestational age was estimated by sonography. Birth weight <2500 g and ≥4000 g were considered as 
low birth weight and macrosomia respectively19, and birth <37 gestational weeks was regarded as preterm birth15. 
Birth weight <10th, 10th–90th, and >90th percentile were defined as SGA, appropriate for gestational age (AGA) 
and LGA, respectively18, adjusted for gestational age and sex using Chinese standards (enacted by Chinese neona-
tologists as a reference for Chinese population)20.
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Statistical analysis. Proportions of maternal characteristics and prevalence rates of adverse pregnancy 
outcomes were calculated among different groups. Differences of maternal characteristics between cosmetics 
non-users and users were determined using Chi-square test. Unadjusted and adjusted odds ratios (OR) and 95% 
confidence intervals (CI) were calculated by binary logistic regression for preterm birth, and by multinomial 
logistic regression for low birth weight/macrosomia and SGA/LGA (infants with normal birth weight and AGA 
were the controls for the dependent variables, respectively). In order to control the potential confounders, we 
used multivariable logistic regression models to adjust maternal age, residence, ethnicity, education level, occu-
pation, parity, abnormal reproductive history, pre-pregnancy BMI and pregnancy comorbidity. Dose-response 
relationship was tested by exploring the associations between frequency of cosmetics use and adverse pregnancy 
outcomes. The above results were referred to as relative risk (RR), because OR is a good approximation for the risk 
ratio in the case of rare outcomes21. Statistical analyses were performed on SPSS 19.0 (IBM, Chicago, IL, USA). All 
statistical tests were two-tailed at the significance level of P < 0.05.

Ethics statement. This study was conducted in accordance with the Declaration of Helsinki with ethical 
approval from the Ethics Committee of Hunan Provincial Maternal and Child Health Care Hospital. Written 
informed consents were obtained from all the pregnant women.

Results
From the initial 10920 pregnant women screened for participation, 262 (2.4%) refused to be enrolled in the study, 
and 10658 (97.6%) agreed to be enrolled in the study; out of the enrolled pregnant women, 253 (2.3%) had no 
information available for maternal cosmetics exposure mainly due to an ambiguous frequency of cosmetics use 
(Fig. 1). A total of 9868 pregnant women met the inclusion criteria at enrollment, but only 9710 were included 
in the final analysis. During the interviews at 16 weeks of gestation, 4652 (47.9%) pregnant women reported that 
they did not use any cosmetics during pregnancy, and 5058 (52.1%) used some cosmetics during pregnancy. 
These figures represent an overall loss to follow up frequency of 0.5% during pregnancy.

Characteristics of cosmetics non-users and users. Table 1 shows the demographic and clinical charac-
teristics of the two groups. The two groups were significantly different in maternal age, residence, education level, 
occupation, parity and pre-pregnancy BMI, but not in ethnicity, history of abnormal reproduction or pregnancy 
comorbidity. Cosmetics non-users were more likely to be farmers, have lower education level and be of higher 
parity than cosmetics users.

Adverse pregnancy outcomes of the two groups. The prevalence rates of preterm birth, low birth 
weight, macrosomia, SGA and LGA were 2.9%, 2.3%, 6.2%, 7.9% and 7.5%, respectively among the 5058 cos-
metics users, and were 3.1%, 2.1%, 6.6%, 6.5% and 8.3%, respectively among the cosmetics non-users (Table 2). 

Figure 1. Participants recruited and final study population.
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After adjustment for maternal age, residence, ethnicity, education level, occupation, parity, abnormal reproduc-
tive history, pre-pregnancy BMI and pregnancy comorbidity, a significant association of cosmetics use was found 
with SGA (aOR = 1.23, 95%CI 1.04 to 1.44), but not with the risk of preterm birth (aOR = 0.92, 95%CI 0.73 to 
1.18), low birth weight (aOR = 1.17, 95%CI 0.88 to 1.55), macrosomia (aOR = 0.96, 95%CI 0.81 to 1.14) or LGA 
(aOR = 0.94, 95%CI 0.80 to 1.09).

Dose-response relationships between frequency of cosmetics use and adverse pregnancy out-
comes. According to categorization by frequency of cosmetics use, 350 (6.9%), 892 (17.6%) and 3816 (75.4%) 
of the 5058 pregnant women reported cosmetics use ≥5, 3–4 and 1–2 times per week, respectively (Table 3). 
Except for SGA, we found no significant differences in other adverse pregnancy outcomes between the cosmetics 
users and non-users in the dose-response analyses. The prevalence rate of SGA in cosmetics users at frequency 
of 1–2, 3–4, and ≥5 times per week were 7.7%, 7.6%, 10.3%, respectively. A positive dose-response relationship 
between frequency of cosmetics use and SGA was observed, although a borderline association was found with 
cosmetics use at low frequency (aOR = 1.18, 95%CI 0.99 to 1.40) or moderate frequency (aOR = 1.23, 95%CI 0.92 
to 1.64). High frequency (≥5 times per week) of cosmetics use was related to a higher risk of SGA (aOR = 1.83, 
95%CI 1.25 to 2.69).

Discussion
This prospective cohort study showed maternal personal use of cosmetic products during pregnancy did not 
raise the risk of preterm birth, low birth weight, macrosomia, or LGA. However, a 23% increased risk of SGA 
was observed in cosmetic users. Moreover, a positive dose-response relationship was found between frequency 
of cosmetics use and SGA by all pregnant women in the sample, although a borderline association was found 

Characteristics
Cosmetics non-
users (N = 4652)

Cosmetics users 
(N = 5058) χ2 P Value

Maternal age 52.853 0.000

  ≤20 yr 142 (3.1) 148 (2.9)

  21–25 yr 1918 (41.2) 2275 (45.0)

  26–30 yr 1719 (37.0) 1922 (38.0)

  31–35 yr 618 (13.3) 559 (11.1)

  >35 yr 255 (5.5) 154 (3.0)

Residence 71.031 0.000

  Urban 450 (9.7) 777 (15.4)

  Nonurban 4202 (90.3) 4281 (84.6)

Ethnicity 1.269 0.260

  Han 4599 (98.9) 5012 (99.1)

  Minorities 53 (1.1) 46 (0.9)

Education level 59.028 0.000

  Primary school and below 135 (2.9) 71 (1.4)

  Middle school 3874 (83.3) 4059 (80.2)

  College and above 643 (13.8) 928 (18.3)

Occupation 116.338 0.000

  Farmer 3426 (73.6) 3237 (64.0)

  Worker 241 (5.2) 271 (5.4)

  Staff in administrative institutions 101 (2.2) 154 (3.0)

  Business/company staff and else 884 (19.0) 1396 (27.6)

Parity 109.220 0.000

  0 2033 (45.2) 2690 (55.9)

  1 2344 (52.1) 2041 (42.4)

  ≥2 122 (2.7) 83 (1.7)

History of abnormal reproduction 3.038 0.081

  No 2973 (63.9) 3318 (65.6)

  Yes 1679 (36.1) 1740 (34.4)

Pre-pregnancy BMI 14.188 0.001

<18.5 857 (18.4) 898 (17.8)

  18.5–24.9 3338 (71.8) 3765(74.4)

  ≥25.0 457 (9.8) 395 (7.8)

Pregnancy comorbidity

  No 4386(94.3) 4783(94.6) 0.364 0.546

  Yes 266(5.7) 275(5.4)

Table 1. Characteristics of cosmetics non-users and users. BMI stands for body mass index.

https://doi.org/10.1038/s41598-019-44546-z


5Scientific RepoRts |          (2019) 9:8030  | https://doi.org/10.1038/s41598-019-44546-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

with cosmetics use at low or moderate frequency. This relationship was particularly evident in pregnant women 
with high frequency of cosmetics use. After adjustment of potential confounders, cosmetics users with low fre-
quency, moderate frequency and high frequency were at an 18%, 23% and 83% increased risk for having SGA 
infants compared with cosmetics non-user, respectively. As we know, we were the first to examine the correlation 
between maternal personal exposure to cosmetic products during pregnancy and the risks of adverse pregnancy 
outcomes. This was a large-size longitudinal study based on the entire pregnant woman population in Zhuzhou 
and Xiangtan Cities, from whom the cosmetics users and non-users were selected. Moreover, the follow-up rate 
was very high, as only 45 pregnant women (0.5%) were lost. Thus, this study was not largely affected by selection 
bias or follow-up bias. In addition, the large sample size, reliable data collection and strong demonstrability for 
causality can accurately reflect the influence of maternal cosmetics use during pregnancy on the adverse preg-
nancy outcomes.

However, our results on preterm birth and low birth weight are inconsistent with previous literatures focused 
on occupational exposure15,17. A report from New York State shows maternal occupational exposure to cosmetic 
products is correlated with a higher risk of low birth weight15. A meta-analysis conducted by Kim concludes that 
cosmetologists are under higher risk of preterm birth than the general population17. The inconsistency in these 
studies may be attributed to the differences in cosmetics diversity, intensity and duration between personal and 
occupational exposures. Our findings on SGA are consistent with recent studies that maternal occupational expo-
sure to cosmetic products during pregnancy will increase the risk of SGA14,16. A retrospective population-based 
study suggests the risk of SGA among cosmetologists’ offspring was raised by 40% compared to other working 
women16. Though we focused on the personal exposure to cosmetic products, our findings were similar to the 
research on occupational exposure. However, to date, there is no study exploring the relationship between mac-
rosomia or LGA and cosmetic products exposure.

In our study, high-frequency use of maternal cosmetics was associated with SGA, but not with preterm birth 
or low birth weight. The reason may be that SGA is a general consideration of the effects of gestational age and sex 
on birth weight, and is more sensitive than preterm birth and birth weight and is likely to show statistical differ-
ences between cosmetics users and non-users. The relationship between cosmetics exposure and SGA is biolog-
ically plausible. The physiologic mechanism may be related to the known harmful effects of hazardous chemical 
substances in cosmetic products (e.g., phthalates, organic solvents, heavy metals) during fetus development. Two 
population-based birth cohort studies confirm that maternal exposure to cadmium, mercury, and arsenic during 
pregnancy would increase the risk of SGA21,22. Toxic metals can freely pass the placental barrier, transferring from 
the mother to the embryo, and accumulate in fetal tissues. These metals can alter the placental blood flow and 
endocrine function and injure the placental tissues, thereby hindering the nutrient transport to the fetus23. Since 
the fetal period is very critical for growth and development, the effect of any toxic substances including heavy 
metals is the most sensitive in this period and will lead to intrauterine growth retardation24–26.

Moreover, the prevalence rates of preterm birth and low birth weight are slightly lower than reported by 
a recent World Health Organization Global Survey on Maternal and Perinatal Health (4.8% and 3.6%, respec-
tively)27. A recent large-scale study involving 28164 women in Shanxi Province from China shows the prevalence 
rate of low birth weight has decreased from 4.1% in 2010 to 2.6% in 201328. Therefore, the prevalence rates of 
preterm birth and low birth weight in our study are similar to these studies. The prevalence rate of SGA in our 
study is close to the European level (4.6–15.3%)29, and the prevalence rates of LGA and macrosomia are close to 
the levels in developed countries30.

The present study presents no association between personal cosmetics use and preterm birth, low birth 
weight, macrosomia, or LGA, but shows that high-frequency cosmetics use is related to an increased risk of SGA. 

Pregnancy outcomes

Cosmetics 
non-users 
(n = 4652)

Cosmetics 
users 
(n = 5058)

OR (95%CI)

Unadjusted Adjusteda

Preterm birthb

  Yes 146(3.1) 148(2.9) 0.93(0.74–1.17) 0.92(0.73–1.18)

  No 4506(96.9) 4910(97.1)

Birth weight

  Low birth weightc 96(2.1) 118(2.3) 1.12(0.86–1.48) 1.17(0.88–1.55)

  Normal birth weight 4247(91.3) 4626(91.5)

  Macrosomiac 309(6.6) 314(6.2) 0.93(0.79–1.10) 0.96(0.81–1.14)

Birth weight and gestational age

  SGAc 301(6.5) 399(7.9) 1.23(1.05–1.43)* 1.23(1.04–1.44*)

  AGA 3965(85.2) 4282(84.7)

  LGAc 386(8.3) 377(7.5) 0.90(0.78–1.05) 0.94(0.80–1.09)

Table 2. Adverse pregnancy outcomes for the cosmetics non-users and users. Results are presented as odds 
ratios (OR) with 95% confidence intervals (95%CIs). SGA stands for small for gestational age, AGA stands for 
appropriate for gestational age, LGA stands for large for gestational age. aAnalyses were adjusted for maternal 
age, residence, ethnicity, education level, occupation, parity, abnormal reproductive history, pre-pregnancy 
body mass index and pregnancy comorbidity. bThe odds ratio for preterm birth was calculated by binary logistic 
regression. cThe odds ratio for low birth weight/macrosomia and SGA/LGA was calculated by multinomial 
logistic regression.
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Nevertheless, maternal occupational exposure to cosmetic products would increase the risk of other adverse 
pregnancy outcomes, such as perinatal death, miscarriage, preterm birth, and low birth weight13,15,17. Therefore, 
cosmetics use during pregnancy needs to be cautious. Antenatal care providers should provide women of child-
bearing age, especially pregnant women or women planning pregnancy, with relevant health and safety education 
to minimize personal exposure to hazardous chemical substances in cosmetic products. Women should reduce 
the frequency of cosmetics use as much as possible during pregnancy.

This study has several limitations. First, the observational nature of the study design made it subject to some 
residual confounding. Our estimates were adjusted for several variables, which, however, excluded maternal stature, 
weight gain during pregnancy, nutritional intake, folic acid supplementation, or exposure to environmental pol-
lutants, since information on these factors was unavailable in our study. These factors are reportedly related to an 
increased risk of low birth weight, SGA, or preterm birth31–36. Second, due to the difficulty in obtaining exact infor-
mation about exposure variables, the frequency of cosmetics use throughout the pregnancy was evaluated according 
to self-reported general use habits of the pregnant women. During the cosmetics exposure measurement, we only 
focused on the average times of cosmetics use per week, but not the types or amount of cosmetic products per use. 
The information acquisition approach was simple and convenient, but self-reported exposure measurement inevita-
bly had some inherent limitations. On one hand, the measurement accuracy of cosmetics exposure was decided by 
the subjective cooperativeness of the participants, which was not as objective as instrumental measurement; on the 
other hand, the recall of past cosmetics exposure might result in recall bias in the exposure data. Such measurement 
bias might affect the risk assessment of relationship between cosmetics use and adverse pregnancy outcomes to some 
extent. In addition, since the type of cosmetic products was not analyzed, we did not clarify which cosmetic products 
increased the risks of SGA, which should be clarified by more research and more human data. Third, the cosmetics 
ingredients and concentrations both differ among countries because of the differences in cosmetics hygienic crite-
rias and provisions. Usage patterns of cosmetic products (e.g., frequency of use, types per use, amount per use) also 
significantly differ among people in different countries. Hence, the generalizability of our findings may be limited by 
the homogeneity of this cohort, which contained only Chinese women.

In conclusion, personal cosmetics use is not related to preterm birth, low birth weight, macrosomia, or LGA, 
but high-frequency cosmetics use will increase the risk of SGA. Further research is required to determine which 
cosmetic products may account for the higher risk of SGA.

Data Availability
The datasets generated during and/or analysed during the current study are not publicly available duo to the per-
sonal privacy of subjects but are available from the corresponding author on reasonable request.
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Table 3. The dose-response relationships between frequency of cosmetics use and adverse pregnancy 
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age. aAnalyses were adjusted for maternal age, residence, ethnicity, education level, occupation, parity, abnormal 
reproductive history, pre-pregnancy body mass index and pregnancy comorbidity. bThe odds ratio for preterm 
birth was calculated by binary logistic regression. cThe odds ratio for low birth weight/macrosomia and SGA/
LGA was calculated by multinomial logistic regression. dOdds ratio of adverse pregnancy outcomes compared 
cosmetics users (1–2 times/week) to cosmetics non-users. eOdds ratio of adverse pregnancy outcomes 
compared cosmetics users (3–4 times/week) to cosmetics non-users. fOdds ratio of adverse pregnancy outcomes 
compared cosmetics users (≥5 times/week) to cosmetics non-users.

https://doi.org/10.1038/s41598-019-44546-z
https://doi.org/10.3390/ijerph13040383
https://doi.org/10.1038/jes.2012.33


7Scientific RepoRts |          (2019) 9:8030  | https://doi.org/10.1038/s41598-019-44546-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

 3. Parlett, L. E., Calafat, A. M. & Swan, S. H. Women’s exposure to phthalates in relation to use of personal care products. J Expo Sci 
Environ Epidemiol 23(197–206), 2012.105, https://doi.org/10.1038/jes. (2013).

 4. Braun, J. M. et al. Personal care product use and urinary phthalate metabolite and paraben concentrations duringpregnancy among 
women from a fertility clinic. J Expo Sci Environ Epidemiol 24, 459–466, https://doi.org/10.1038/jes.2013.69 (2014).

 5. Bocca, B., Pino, A., Alimonti, A. & Forte, G. Toxic metals contained in cosmetics: a status report. Regul Toxicol Pharmacol 68, 
447–467, https://doi.org/10.1016/j.yrtph.2014.02.003 (2014).

 6. Pak, V. M., Powers, M. & Liu, J. Occupational chemical exposures among cosmetologists: risk of reproductive disorders. Workplace 
Health Saf 61, 522–528, https://doi.org/10.3928/21650799-20131121-01 (2013).

 7. Zota, A. R. & Shamasunder, B. The environmental injustice of beauty: framing chemical exposures from beauty products as a health 
disparities concern. Am J Obstet Gynecol 217, 418.e1–418.e6, https://doi.org/10.1016/j.ajog.2017.07.020 (2017).

 8. Larsson, K. et al. Exposure determinants of phthalates, parabens, bisphenol A and triclosan in Swedish mothers and their children. 
Environ Int 73, 323–333, https://doi.org/10.1016/j.envint.2014.08.014 (2014).

 9. Ko, A. et al. The association between urinary benzophenone concentrations and personal care product use in Korean adults. Arch 
Environ Contam Toxicol 70, 640–646, https://doi.org/10.1007/s00244-015-0240-x (2016).

 10. Philippat, C. et al. Exposure to phthalates and phenols during pregnancy and offspring size at birth. Environ Health Perspect 120, 
464–470, https://doi.org/10.1289/ehp.1103634 (2012).

 11. Meeker, J. D. et al. Urinary phthalate metabolites in relation to preterm birth in Mexico city. Environ Health Perspect 117, 1587–1592, 
https://doi.org/10.1289/ehp.0800522 (2009).

 12. Toft, G. et al. Association between pregnancy loss and urinary phthalate levels around the time of conception. Environ Health 
Perspect 120, 458–463, https://doi.org/10.1289/ehp.1103552 (2012).

 13. John, E. M., Savitz, D. A. & Shy, C. M. Spontaneous abortions among cosmetologists. Epidemiology 5, 147–155 (Without DOI) (1994).
 14. Halliday-Bell, J. A., Gissler, M. & Jaakkola, J. J. Work as a hairdresser and cosmetologist and adverse pregnancy outcomes. Occup 

Med (Lond) 59, 180–184, https://doi.org/10.1093/occmed/kqp017 (2009).
 15. Herdt-Losavio, M. L. et al. The risk of having a low birth weight or preterm infant among cosmetologists in New York State. Matern 

Child Health J 13, 90–97, https://doi.org/10.1007/s10995-008-0324-6 (2009).
 16. Quach, T., Von Behren, J., Goldberg, D., Layefsky, M. & Reynolds, P. Adverse birth outcomes and maternal complications in licensed 

cosmetologists and manicurists in California. Int Arch Occup Environ Health 88, 823–833, https://doi.org/10.1007/s00420-014-1011-0 
(2015).

 17. Kim, D. et al. Reproductive disorders among cosmetologists and hairdressers: a meta-analysis. Int Arch Occup Environ Health 89, 
739–753, https://doi.org/10.1007/s00420-016-1112-z (2016).

 18. Ouyang, F. et al. Maternal BMI, gestational diabetes, and weight gain in relation to childhood obesity: The mediation effect of 
placental weight. Obesity (Silver Spring) 24, 938–946, https://doi.org/10.1002/oby.21416 (2016).

 19. Rao, J. et al. Trend and risk factors of low birth weight and macrosomia in south China, 2005-2017: a retrospective observational 
study. Sci Rep 8, 3393, https://doi.org/10.1038/s41598-018-21771-6 (2018).

 20. Zhu, L. et al. Chinese neonatal birth weight curve for different gestational age. Chin J Pediatr 53, 97–103, https://doi.org/10.3760/
cma.j.issn.0578-1310.2015.02.007 (In Chinese) (2015).

 21. Wang, H. et al. Maternal serum cadmium level during pregnancy and its association with small for gestational age infants: a 
population-based birth cohort study. Sci Rep 6, 22631, https://doi.org/10.1038/srep22631 (2016).

 22. Thomas, S. et al. Metals exposure and risk of small-for-gestational age birth in a Canadian birth cohort: The MIREC study. Environ 
Res 140, 430–439, https://doi.org/10.1016/j.envres.2015.04.018 (2015).

 23. Gundacker, C. & Hengstschläger, M. The role of the placenta in fetal exposure to heavy metals. Wien Med Wochenschr 162, 201–206, 
https://doi.org/10.1007/s10354-012-0074-3 (2012).

 24. Everson, T. M. et al. Maternal cadmium, placental PCDHAC1, and fetal development. Reprod Toxicol 65, 263–271, https://doi.
org/10.1016/j.reprotox.2016.08.011 (2016).

 25. Ou, L. et al. Low-level prenatal mercury exposure in north China: an exploratory study of anthropometric effects. Environ Sci 
Technol 49, 6899–6908, https://doi.org/10.1021/es5055868 (2015).

 26. Taylor, C. M., Tilling, K., Golding, J. & Emond, A. M. Low level lead exposure and pregnancy outcomes in an observational birth 
cohort study: dose-response relationships. BMC Res Notes 9, 291, https://doi.org/10.1186/s13104-016-2092-5 (2016).

 27. Fleischer, N. L. et al. Outdoor air pollution, preterm birth, and low birth weight: analysis of the world health organization global 
survey on maternal and perinatal health. Environ Health Perspect 122, 425–430, https://doi.org/10.1289/ehp.1306837 (2014).

 28. Liu, A. et al. Incidence of low birth weight among single live birth neonates and influencing factors in Shaanxi. Zhonghua Liu Xing 
Bing Xue Za Zhi 36, 1244–1248, https://doi.org/10.3760/ma.j.issn.0254-6450.2015.11.012 (2015). (In Chinese).

 29. Ruiz, M. et al. Mother’s education and the risk of preterm and small for gestational age birth: a DRIVERS meta-analysis of 12 
European cohorts. J Epidemiol Community Health 69, 826–833, https://doi.org/10.1136/jech-2014-205387 (2015).

 30. Henriksen, T. The macrosomic fetus: a challenge in current obstetrics. Acta Obstet Gynecol Scand 87, 134–145, https://doi.
org/10.1080/00016340801899289 (2008).

 31. Olmedo-Requena, R. et al. Association between low dairy intake during pregnancy and risk of small-for-gestational-age infants. 
Matern Child Health J 20, 1296–1304, https://doi.org/10.1007/s10995-016-1931-2 (2016).

 32. Martinussen, M. P., Bracken, M. B., Triche, E. W., Jacobsen, G. W. & Risnes, K. R. Folic acid supplementation in early pregnancy and 
the risk of preeclampsia, small for gestational age offspring and preterm delivery. Eur J Obstet Gynecol Reprod Biol 195, 94–99, 
https://doi.org/10.1016/j.ejogrb.2015.09.022 (2015).

 33. Melby, M. K., Yamada, G. & Surkan, P. J. Inadequate gestational weight gain increases risk of small-for-gestational-age term birth in 
girls in Japan: a population-based cohort study. Am J Hum Biol 28, 714–720, https://doi.org/10.1002/ajhb.22855 (2016).

 34. Muhihi, A. et al. Risk factors for small-for-gestational-age and preterm births among 19,269 Tanzanian newborns. BMC Pregnancy 
Childbirth 16(110), 0900–5, https://doi.org/10.1186/s12884-016 (2016).

 35. Govarts, E. et al. Prenatal exposure to endocrine disrupting chemicals and risk of being born small for gestational age: Pooled 
analysis of seven European birth cohorts. Environ Int 115, 267–278, https://doi.org/10.1016/j.envint.2018.03.017 (2018).

 36. Salcedo-Bellido, I. et al. Association between vitamin intake during pregnancy and risk of small for gestational age. Nutrients 9, 
https://doi.org/10.3390/nu9121277 (2017).

Acknowledgements
The authors would like to thank all the pregnant women who participated in the study as well as to all research 
midwives and neonatologists in those midwifery hospitals. This study was supported by the National Center for 
Women and Children’s Health, China CDC (2015FYH016).

Author Contributions
H.W. and H.L. designed the study. J.Z., G.H., Q.H. and N.F. collected the data. H.L. and J.X. conducted the 
statistical analysis and interpretation. H.L. and J.Z. wrote the paper. H.W. and G.H. revised the paper. All the 
authors reviewed the paper and approved the final version.

https://doi.org/10.1038/s41598-019-44546-z
https://doi.org/10.1038/jes.
https://doi.org/10.1038/jes.2013.69
https://doi.org/10.1016/j.yrtph.2014.02.003
https://doi.org/10.3928/21650799-20131121-01
https://doi.org/10.1016/j.ajog.2017.07.020
https://doi.org/10.1016/j.envint.2014.08.014
https://doi.org/10.1007/s00244-015-0240-x
https://doi.org/10.1289/ehp.1103634
https://doi.org/10.1289/ehp.0800522
https://doi.org/10.1289/ehp.1103552
https://doi.org/10.1093/occmed/kqp017
https://doi.org/10.1007/s10995-008-0324-6
https://doi.org/10.1007/s00420-014-1011-0
https://doi.org/10.1007/s00420-016-1112-z
https://doi.org/10.1002/oby.21416
https://doi.org/10.1038/s41598-018-21771-6
https://doi.org/10.3760/cma.j.issn.0578-1310.2015.02.007
https://doi.org/10.3760/cma.j.issn.0578-1310.2015.02.007
https://doi.org/10.1038/srep22631
https://doi.org/10.1016/j.envres.2015.04.018
https://doi.org/10.1007/s10354-012-0074-3
https://doi.org/10.1016/j.reprotox.2016.08.011
https://doi.org/10.1016/j.reprotox.2016.08.011
https://doi.org/10.1021/es5055868
https://doi.org/10.1186/s13104-016-2092-5
https://doi.org/10.1289/ehp.1306837
https://doi.org/10.3760/ma.j.issn.0254-6450.2015.11.012
https://doi.org/10.1136/jech-2014-205387
https://doi.org/10.1080/00016340801899289
https://doi.org/10.1080/00016340801899289
https://doi.org/10.1007/s10995-016-1931-2
https://doi.org/10.1016/j.ejogrb.2015.09.022
https://doi.org/10.1002/ajhb.22855
https://doi.org/10.1186/s12884-016
https://doi.org/10.1016/j.envint.2018.03.017
https://doi.org/10.3390/nu9121277


8Scientific RepoRts |          (2019) 9:8030  | https://doi.org/10.1038/s41598-019-44546-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-44546-z
http://creativecommons.org/licenses/by/4.0/

	Maternal cosmetics use during pregnancy and risks of adverse outcomes: a prospective cohort study
	Methods
	Study population. 
	Data collection. 
	Cosmetics exposure. 
	Definitions of covariates. 
	Outcome measures. 
	Statistical analysis. 
	Ethics statement. 

	Results
	Characteristics of cosmetics non-users and users. 
	Adverse pregnancy outcomes of the two groups. 
	Dose-response relationships between frequency of cosmetics use and adverse pregnancy outcomes. 

	Discussion
	Acknowledgements
	Figure 1 Participants recruited and final study population.
	Table 1 Characteristics of cosmetics non-users and users.
	Table 2 Adverse pregnancy outcomes for the cosmetics non-users and users.
	Table 3 The dose-response relationships between frequency of cosmetics use and adverse pregnancy outcomes.




