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Abstract

Objective: To determine whether prenatal sex hormones from maternal saliva are associated with 

birth weight-for-gestational age.

Study Design: We measured salivary progesterone, testosterone, estradiol, 

dehydroepiandrosterone (DHEA) and cortisone in 504 pregnant women in a Mexico City cohort in 

the. We performed linear and modified Poisson regression to examine associations of log-

transformed hormones with birth weight-for-gestational age z-scores and the risk of small-for-

gestational age (SGA) and large-for-gestational age (LGA) adjusting for maternal age, sex, BMI, 

parity, smoking, education and socioeconomic status.

Results: 15% of infants were SGA and 2% were LGA. Each interquartile range increment in 

testosterone/estradiol ratio was associated with a 0.12 decrement in birth weight-for-gestational 

Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research, 
subject always to the full Conditions of use:http://www.nature.com/authors/editorial_policies/license.html#terms

Corresponding author: Katherine Svensson, MS. Department of Environmental Medicine and Public Health, Icahn School of 
Medicine at Mount Sinai, One Gustave L. Levy Place, New York, NY 10029. Telephone: 1-212-824-7043, Fax: 1-212-824-2334, 
katherine.svensson@mssm.edu. 

CONFLICT OF INTEREST
The authors declare no conflict of interest.

‘Supplementary information is available at JPER’s website’

HHS Public Access
Author manuscript
J Perinatol. Author manuscript; available in PMC 2019 November 20.

Published in final edited form as:
J Perinatol. 2019 July ; 39(7): 941–948. doi:10.1038/s41372-019-0385-y.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



age z-score (95% CI: −0.27, −0.02) and a 50% higher risk of SGA versus appropriate-for-

gestational age (AGA) (95% CI: 1.13, 1.99).

Conclusion: Higher salivary testosterone/estradiol ratios may affect fetal growth, and identifying 

the predictors of hormone levels may be important to optimizing fetal growth.
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INTRODUCTION

Infants born small-for-gestational age (SGA) or large-for-gestational age (LGA) have 

increased likelihood of chronic illness,1 lower academic or professional attainment,2, 3 and 

metabolic disorders.4 Mother are more likely to have an SGA or LGA infants if they are 

older, smoke, have lower educational status, preeclampsia, higher BMI or diabetes.5, 6, 7 

Nevertheless, the underlying mechanisms of maladaptive fetal growth are incompletely 

understood.

Given the complex hormonal milieu of pregnancy, understanding the role of maternal 

hormones in the regulation of fetal growth is critical. Endocrine responses in the mother, 

placenta and fetus are important in regulating fetal development and growth.8, 9 Maternal 

levels of androgens and estrogens increase throughout pregnancy 10 and play key roles in 

maintenance of pregnancy and induction of labor. 11, 12, 13 Surprisingly, limited information 

is available regarding sex hormones and their relationship to birth weight-for-gestational 

age. The few animal and human studies which have investigated this relationship have 

focused primarily on testosterone or progesterone. Two studies found higher prenatal 

exposure to testosterone (one in sheep and the other in rats) to be associated with reduced 

body size, as measured by birth weight and height.14, 15 These results were not replicated in 

a study of monkeys.16 In humans, higher prenatal testosterone levels have been associated 

with lower birth weight and birth weight-for-gestational age z-scores.17, 18 Although 

dehydroepiandrosterone (DHEA) is a precursor of testosterone only one prior study has 

examined prenatal DHEA and birth size and found no association.17 Retrospectively, DHEA 

levels in early childhood have been found to be higher in children who were born SGA and 

lower in children who were born LGA, as compared to their appropriate-for-gestational age 

(AGA) counterparts.19 Progesterone is commonly administered in pregnancy to prevent 

preterm birth and prolong pregnancy, yet little is known about its independent effects on 

birth weight-for-gestational age. This administration could disrupt normal feedback loops 

and disrupt endocrine signaling for sex hormones. It has been suggested that higher maternal 

progesterone and estradiol are associated with higher birth weight.20, 21, 22 Most of the 

extant literature on prenatal hormones and birth size is limited by consideration of birth 

weight and length only without consideration of the length of gestation. Furthermore most 

studies adjust birth weight for gestational age with a linear term, when fetal growth is non-

linear throughout pregnancy which may induce bias in the final analysis.23

Given this background, we sought to determine whether maternal salivary hormones in 

pregnancy can predict birth weight-for-gestational age or risk for SGA or LGA. We 
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hypothesized that higher levels of androgens (testosterone or DHEA) would be associated 

with lower birth weight-for-gestational age. We also hypothesized that higher progesterone 

or estradiol would be associated with higher birth weight-for-gestational age. These potential 

relationships would then reflect higher or lower risk for delivering an SGA or LGA infant.

METHODS

Study population

Participants included in this analysis are mother and infant pairs enrolled in the 

Programming Research in Obesity, Growth Environment and Social Stress (PROGRESS) 

birth cohort study. In 2007–2011, we enrolled 948 pregnant women through the Mexican 

Social Security System (IMSS), who delivered a live infant. Women were eligible if they 

were less than 20 weeks’ gestation, at least 18 years of age, and planned to reside in Mexico 

City for the next 3 years. Women were excluded if they had a history of heart or kidney 

disease, consumed alcohol on a daily basis, used steroids or anti-epilepsy drugs or had a 

multiple gestation pregnancy. All women provided, written, informed consent. A description 

of the recruitment process can be found in detail elsewhere.24, 25 This analysis focuses on 

the subset of women who had at least one salivary hormone measured and a documented 

infant birth (n=504). This study was approved by the IRB Committees at the participating 

institutions: National Institute of Public Health (INSP), Icahn School of Medicine at Mount 

Sinai (ISMMS), Harvard T.H Chan School of Public Health (HSPH) and the Brigham and 

Women’s Hospital.

Salivary hormones

Between 16 to 32 weeks of gestation (mean (SD): 18.3 (0.9)), women collected salivary 

samples into Salicaps (IBL International, Hamburg, Germany) using a passive drool 

technique described elsewhere in detail.24 Samples were frozen at −70°C and then shipped 

on dry ice for analysis. Hormones were measured using liquid chromatography mass 

spectrometry (LC-MS/MS). We measured progesterone, testosterone, estradiol, DHEA, and 

cortisone in each sample.

We considered a participant’s daily hormone concentration to be the geometric mean of 3 

hormone measures collected longitudinally over 2 days. As part of our salivary cortisol 

protocol we collected saliva at 5 time points (upon awakening, 45 minutes after waking, 4 

hours after awakening, 8 hours after awakening and bedtime). These time points were 

chosen to capture cortisol variation across the day. For this study, we focused on 3 time 

points (upon awakening, 45 minutes after awakening, and bedtime) to minimize cost by not 

using all 5 samples from the two consecutive days.24 To reduce the influence of outliers, we 

capped all values to between ±3SD from the population mean on the log scale using ±3SD 

as the minimum and maximum values.26 Seven to 13 outliers were reassigned for each 

hormone (0.5% to 0.9% of samples). In addition, for each participant, we excluded any 

hormone value that differed from the other two measurements of the same hormone by more 

than ±2SD on the log scale. We excluded 18 to 47 measurements for each hormone (1.4% to 

3.1% of samples). Additionally, due to observed positive correlations of all hormones 

measured we normalized each participant’s hormone level by dividing it by the geometric 
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mean of the other hormones measured. In this way we preserved the relationship of each 

hormone to the other hormones in the participant’s sample, thereby addressing issues such 

as hydration status. If a participant was missing one or more of the 5 salivary hormones, the 

population mean of that hormone was imputed for the purpose of normalization (34 to 47 

measurements for each hormone). The final sample size for each hormone ranged from 482 

to 504. We also calculated ratios of progesterone/estradiol and testosterone/estradiol ratios as 

these hormones are co-regulated and rise in pregnancy until just before parturition when 

estradiol increases.11, 12 Due to skewness we conducted analyses of log-transformed 

geometric means of hormones and hormone ratios.

Outcome and covariate ascertainment

We calculated birth-weight-for-gestational age z-scores based using the Fenton reference 

growth curve.23 We calculated gestational age based on the last menstrual period (LMP) and 

date of birth. We used a standard physical assessment (Capurro method)27 of gestational age 

when gestational age differed by more than 3 weeks from that assigned by the LMP.27, 28 Of 

the 508 participants, 21 gestational ages were reassigned based on the Capurro assessment.

We collected information on sociodemographic characteristics and maternal risk factors for 

poor fetal growth including age, education, socioeconomic status (SES), smoking, 

secondhand smoke exposure, and parity through standardized questionnaires given during 

the 2nd trimester. Maternal height and weight were measured by study staff during the 2nd 

trimester and used to calculate BMI (kg/m2), then categorized as follows to take into 

consideration weight gain during pregnancy; normal (<27 kg/m2), overweight (27–32 

kg/m2) and obese (>32 kg/m2).29 The socioeconomic index was based on 13 questions 

related to the characteristics of the household which classifies families into six 

socioeconomic levels.30 For the purpose of this analysis these six levels were reduced to 

three categories to represent a low, medium and high socioeconomic status relative to the 

distribution of the study population.

Statistical Analysis

Descriptive statistics of the participants and salivary hormones are reported in table 1 and 2. 

We performed non-parametric test (Mann-Whitney U test) to compare differences in 

geometric means across birth weight-for-gestational age categories and regression models 

were run on log transformed salivary hormones and hormone ratios due to skewness. We 

used linear regression to evaluate the relationship between each interquartile range (IQR) 

increment of log-transformed hormone or log-transformed hormone ratio with birth weight-

for-gestational age z-scores. We used modified Poisson regression to calculate risk ratios of 

SGA or LGA versus AGA per IQR increment of log-transformed hormone or log-

transformed hormone ratio. We also tested for differences by analytical batch and gestational 

age at time of collection as potential confounding variables. To test for sex differences, we 

performed analyses with an interaction term and also stratified models by sex.
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RESULTS

Maternal and infant characteristics as well as proportions of SGA, AGA, and LGA are 

presented in Table 1. Just over half of the women were between 25–34 years (53.4%), had a 

normal BMI (<27kg/m2) (56.2%), were multiparous (52.4%), and had a lower SES index 

(51.0%). Approximately one third were exposed to secondhand smoke during pregnancy 

(27.6%) and had lower than high school education (38.3%). Mean (SD) birth weight-for-

gestational age z-score was −0.4 (0.9), and more infants were SGA (15.0%) than LGA 

(2.0%). Compared to women who delivered an AGA or LGA infant, women who delivered 

an SGA infant tended to have less than high school education (p-value = 0.06) but were 

otherwise similar.

Across all salivary hormone measurements there were 13 outliers which were reassigned 

with the value of ±3SD from the population mean (0.5% to 0.9% of samples). We also 

excluded 18 to 47 measurements for each hormone which differed from the other two 

measurements of the same hormone (1.4% to 3.1% of samples). Salivary hormone levels did 

not vary by participant characteristics except for progesterone, estradiol and progesterone/

estradiol ratio which were higher in women with male infants (Table 2). Lower levels of 

testosterone/estradiol ratios were observed among women not exposed to secondhand 

smoke. Women who were nulliparous and younger than 25 years of age had higher levels of 

DHEA. Women younger than 25 years also had higher cortisone levels (Table S2). Higher 

testosterone/estradiol ratios were observed among women who delivered an SGA infant 

compared to women who delivered an AGA or LGA infant (p-value < 0.002). We found 

slightly higher levels of progesterone, and progesterone/estradiol ratios among women with 

an SGA infant, but these differences were not statistically significant (Table 2).

Linear regression models revealed that higher testosterone/estradiol ratios were associated 

with lower birth-weight-for-gestational age z-scores (β: −0.11; 95%CI: −0.21, −0.02 per 

IQR of the hormone ratio) (Table 3 and Figure 1). This association remained significant after 

adjusting for maternal age, BMI, parity, secondhand smoke exposure, education, SES, and 

infant sex (β: −0.12; 95%CI: −0.22, −0.02). We did not find significant associations between 

birth-weight-for-gestational age z-scores and the other hormones or hormone ratios. No 

differences were found in our results when adjusting the models for analytical batch or 

gestational age at the time of saliva collection. Therefore, we did not include these variables 

in the final models. No differences were found between male and female infants when 

adding an interaction term with each hormone or in sex-stratified models.

Modified Poisson regression models revealed that women with higher testosterone/estradiol 

ratios had a 50% increased risk of delivering an SGA infant per IQR of the hormone ratio 

(adjusted RR: 1.50; 95%CI: 1.13, 2.00). Women with higher testosterone/estradiol ratios 

also had a 38% decreased risk of delivering an LGA infant, even though there were only 10 

LGA infants in our study and this difference was not statistically significant (adjusted RR: 

0.62; 95% CI: 0.28, 1.38). No other hormones or ratios were associated with the risk of 

delivering an SGA or LGA infant (Table 4).
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Participants included in this analysis (n=504) did not differ from rest of the participants in 

the cohort (n=444) with the exception of their being less likely to have been exposed to 

secondhand smoke (27.6% vs. 36.2%) and less likely to deliver preterm (9.9% vs. 15.3%) 

(Table S1). Very few women in our sample reported smoking during pregnancy (n=2) and 

secondhand smoke was more common (27.6%). Therefore, we performed a sensitivity 

analysis excluding women who smoked or were exposed to secondhand smoke during 

pregnancy, and results remained similar (adjusted RR for SGA = 1.53; 95% CI: 1.10, 2.14 

per IQR log testosterone/estradiol ratio when we excluded smoke-exposed women versus 

1.50; 95% CI: 1.13, 2.00 in the overall study sample). Because risk factors for SGA infants 

may vary according to gestational age5 and because there were fewer preterm births in our 

sample (9.9%) compared to the overall cohort (12.5%), we also performed a sensitivity 

analysis excluding infants born preterm, and results remained similar (adjusted RR for SGA 

= 1.48; 95% CI: 1.09, 2.01 per IQR log testosterone/estradiol ratio). In our dataset, only 5 

infants were SGA and also premature, and testosterone/estradiol ratios did not differ 

between term and preterm infants.

DISCUSSION

We found that higher maternal salivary testosterone/estradiol ratios measured midpregnancy 

were associated with lower birth weight-for-gestational age z-scores and an increased risk of 

delivering an SGA infant. For each IQR increment of testosterone/estradiol ratios, birth 

weight-for-gestational age z-score was 0.12 lower. To put this finding into context, for a 

male infant born at 40 weeks of gestation with an average birth weight of 3368 grams (z-

score of 0; 50th percentile), a change of 0.12 in birth weight z-score represents a decrease in 

birth weight of 50–60 grams and would place this male infant at the 46th percentile for birth 

weight. This is similar to the decrement of 36 grams in birth weight observed in a prior 

study of infants with prenatal secondhand smoke exposure and is approximately one third of 

the 168 gram decrement observed among infants born to women who smoke during 

pregnancy.31

Our main findings are consistent with the existing literature. One study of sheep 

demonstrated fetal growth retardation following prenatal testosterone treatments.14 Two 

human studies found higher maternal testosterone levels to be associated with lower birth 

weight. Carlsen et al., estimated that an increase from the 25th to the 75th percentile in 

testosterone levels during the 3rd trimester of pregnancy was associated with a decrease of 

115 grams in birth weight and Voegtline et al., reported a 0.04 decrease in birth weight-for-

gestational age z-scores per each pg/ml increment.17, 18 The finding of an association 

between higher testosterone and lower birthweight is consistent with the fact that women 

with clinical hyperandrogenism, for example, from polycystic ovarian syndrome (PCOS),32 

have increased risk of delivering SGA infants. Similarly, women with preeclampsia also 

have increased risk of delivering SGA infants,33, 34 possibly due to impaired placental 

aromatase, which converts androgen into estrogens, and therefore results in an increase of 

circulating maternal testosterone levels.12, 35, 36 Our results also suggest that it may be the 

balance between testosterone and estradiol that impact fetal growth. Testosterone and 

estradiol seem to have the opposite effect on birth size as increased estradiol during 

pregnancy has been associated with larger birth size.21, 22 Hence, the combination of 
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relatively higher testosterone and lower estradiol levels may be a better predictor of risk of 

an SGA infant than the individual components.

Alterations both in the fetal and maternal production of hormones have been shown to 

contribute to maladaptive fetal growth.12 It has been demonstrated that rodents administered 

testosterone during pregnancy have reduced fetal and placental weights suggesting that 

maternal testosterone has an effect on both placenta and fetus.37, 38 Testosterone is a 

lipophilic agent and can pass the placenta. 8 The existent literature is not clear whether 

maternal testosterone levels exert both a direct effect on fetal growth by increasing the 

testosterone levels in the fetus or indirectly through changes in placental and/or maternal 

metabolism. 8, 38 Our findings may be particularly important given the rise in environmental 

exposure to endocrine disrupting chemicals (EDCs) that impact hormone levels.39 For 

example, exposure to metals, such as arsenic and cadmium, has also been associated with 

placental expression of genes related to hormone secretion and SGA status.40, 41 Also, EDCs 

can inhibit human placental aromatase activity which produces estradiol from testosterone 

and stimulates placental growth.42 It may be that exposure to EDCs or metals during 

pregnancy contributes to maladaptive fetal growth by disrupting the maternal and placental 

hormone levels.43

We did not identify associations for progesterone, DHEA, or cortisone with birth size. 

Previous studies have demonstrated positive associations of maternal progesterone at 27 

weeks’ gestation with birth weight and length.21, 22 Likewise, lower progesterone during the 

1st trimester was associated with greater risk for low birth weight in a study of 131 mother 

and infant pairs.44 However, these studies only evaluated birth weight and not birth weight-

for-gestational age. We examined birth weight-for-gestational age which is a more 

comprehensive way to evaluate size at birth because it accounts for infant’s sex, length of 

gestation and the non-linearity of fetal growth.23 Two previous studies found that SGA 

infants had higher DHEA levels at two years of life and in adulthood when compared to 

children born appropriate-for-gestational age (AGA).19, 45 It could be that disruption of 

certain maternal hormones during pregnancy have long-term effects through intrauterine 

fetal programming (perhaps via epigenetic mechanisms) that could result in later life health 

effects.8 We did not observe sex-specific differences in the association between hormones or 

hormone ratios and birth weight-for-gestational age. This is consistent with a study in 

sheep14 and one human study which did not report any differences between male and female 

offspring in the association between maternal testosterone levels during pregnancy and lower 

birth weight.17 However, the literature has mixed findings with two other studies that have 

reported differences by infant sex in the relationship between hormones and birth weight.
18, 20

Our sample has a limited number of LGA infants, so while we observed higher testosterone/

estradiol ratio to be associated with lower risk of having an LGA infant, effect estimates 

were imprecise. Generalizability to LGA babies is limited. While we collected multiple 

samples throughout the day, we only collected samples at one time-point during pregnancy. 

There is evidence that some hormones increase in the second half of gestation.11 In our 

study the mean (sd) gestational age at saliva collection was 18.4 ± 1.7 weeks and most 

participants (98%) provided saliva samples before or at 19 week of gestation. Nonetheless, 
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six participants who provided saliva samples in their 3rd trimester of pregnancy did not have 

outlying testosterone levels (GM (SD): 14.1 (11.3)), estradiol levels (GM (SD): 66.3 (74.3)), 

or birth weight-for-gestational age (mean (SD): −0.66 (0.54)). Therefore, the differences in 

timing of measuring testosterone and estradiol in our sample were unlikely to affect our 

main findings. We are unable to determine if hormone levels at other time points in 

pregnancy or changes in hormone levels throughout pregnancy affects the risk of SGA. More 

frequent prenatal salivary collections in future studies may help to identify critical windows 

during which the fetus may be most susceptible to hormonal changes. While we do not have 

data on maternal hormone treatment during pregnancy, this was a population-based cohort of 

women seeking routine prenatal care and in overall healthy pregnancies at the time of 

recruitment. The possibility still exists that a woman developed a high-risk pregnancy after 

recruitment and received hormone treatment. On the other hand, the most common hormone 

that is administered in pregnancy is progesterone which was not associated with birth 

weight-for-gestational age in our study.46

There are limited data on normative values of salivary hormones during pregnancy. Our 

study sample had lower levels of testosterone and progesterone but similar levels of DHEA 

compared to a prior study of 28 healthy pregnant women in which salivary hormones were 

measured 3 weeks before delivery.10 Levels of progesterone in our study were similar and 

estradiol was higher compared to another study which measured levels in pregnant women at 

24 weeks’ gestation.47 Also, our participants’ samples had lower testosterone levels than 

those measured at 36 weeks’ gestation in a previous study analyzing associations with birth 

size, specifically 24.1 versus 97.1 (ρg/mL).18 These differences may be explained by the fact 

that sex steroids tend to increase during pregnancy with the highest levels just before 

delivery, and we measured salivary hormones earlier in pregnancy.10, 47 The discrepancy 

may also be explained by differences in sex steroids by ethnicity. For example, US Hispanic 

and African-American women have higher androgen levels as compared to White women.48 

Hormone levels can also vary according to maternal characteristics such as stress, diet, or 

BMI.49 It would be important for future studies to address the gap of normative salivary 

androgens and estrogens concentrations throughout pregnancy in a population-wide study 

while also identifying predictors of those concentrations such as maternal and fetal 

characteristics.

Strengths of our study include that it was conducted in a large prospective cohort with 

information on multiple potential covariates. Three salivary samples were measured from 

each participant, and we applied a careful pre-processing of the data to consider variations 

within and between participants’ hormone values. Most previous studies on hormones and 

birth weight-for-gestation have been smaller in sample size varying from 50 to 300 

participants, and have focused on birth weight without considering gestational age at birth.

In conclusion, we found that higher maternal testosterone/estradiol ratios during pregnancy 

were associated with lower birth weight-for-gestational age and increased risk of SGA. 

Understanding the determinants of hormone levels during pregnancy such as maternal and 

fetal characteristics, and external factors such as environmental exposures is warranted. If 

our results are replicated, determining the utility of measuring testosterone/estradiol ratios to 

predict SGA may be clinically important.
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Figure 1. 
Testosterone/Estradiol ratio by birth weight-for-gestational age categories
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Table 1.

Maternal and infant characteristics by infant birth weight-for-gestational age category, PROGRESS birth 

cohort, Mexico City.

Covariates Overall (n=504) SGA (n=75) AGA (n=419) LGA (n=10)

Maternal age (years) n (%) Row %

 < 25 172 (34.1) 15.1 83.1 1.7

 25 – 34 269 (53.4) 15.2 83.3 1.5

 ≥ 35 63 (12.5) 12.7 82.5 4.8

Maternal 2nd trimester

BMI (kg/m2)

 Normal (< 27) 283 (56.2) 15.9 83.0 1.1

 Overweight (27 – 32) 161 (31.9) 14.3 81.4 4.4

 Obese (> 32) 60 (11.9) 11.7 88.3 0.0

Parity

 Nulliparous 240 (47.6) 14.2 84.2 1.7

 Multiparous 264 (52.4) 15.5 82.2 2.3

Secondhand smoke exposure

 No 365 (72.4) 15.1 82.5 2.5

 Yes 139 (27.6) 14.4 84.9 0.7

Education

 < High school 193 (38.3) 18.1 79.8 2.1

 High school 187 (37.1) 15.0 83.4 1.6

 > High school 124 (24.6) 9.7 87.9 2.4

SES index

 Low 257 (51.0) 16.3 81.7 2.0

 Medium 186 (36.9) 14.5 84.4 1.1

 High 61 (12.1) 9.8 85.3 4.9

Infant sex

 Male 248 (49.2) 14.9 83.5 1.6

 Female 256 (50.8) 14.8 82.8 2.3

Abbreviations: SGA - small-for-gestational age, AGA - appropriate-for-gestational age and LGA - large-for-gestational age.
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Table 2.

Maternal salivary hormone concentrations by infant birth weight-for-gestational age category

Salivary hormones (ρg/mL)
Overall

† SGA AGA LGA

GM (SD) GM (SD) GM (SD) GM (SD)

Progesterone 399.6 (447.1) 435.5 (405.5) 393.8 (457.2) 370.1 (310.6)

Testosterone 24.1 (31.6) 30.4 (45.0) 23.1 (28.7) 20.5 (21.6)

Estradiol 48.8 (54.8) 52.7 (76.8) 47.8 (49.6) 59.8 (66.4)

DHEA 169.1 (337.0) 165.1 (255.1) 171.1 (353.1) 112.0 (122.3)

Cortisone 6232.6 (3635.5) 6262.1 (3430.1) 6197.4 (3680.4) 7487.2 (3315.4)

Ratios Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Progesterone /Estradiol 11.8 (14.5) 14.4 (15.0)* 11.4 (14.6) 7.9 (5.3)

Testosterone/Estradiol 0.6 (0.5) 0.7 (0.4)** 0.6 (0.5) 0.4 (0.4)*

*
P-value<0.10

**
P-value<0.05, Mann-Whitney U test (rank score), SGA vs. AGA and LGA vs. AGA.

†
Number of participants ranged from 481 to 504 for each hormone and ratio.
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Table 3.

Maternal salivary hormones in association with infant birth-weight-for-gestational age z-scores

Unadjusted models Adjusted models
‡

Log transformed normalized salivary hormones (median, IQR) β† 95% CI β† 95% CI

1. Progesterone (2.42, 0.94) 0.02 −0.07, 0.11 0.02 −0.07, 0.11

2. Testosterone (−1.12, 0.97) −0.06 −0.17, 0.04 −0.07 −0.17, 0.03

3. Estradiol (−0.13, 0.80) 0.08 −0.02, 0.18 0.08 −0.02, 0.18

4. DHEA (1.04, 1.26) −0.02 −0.10, 0.05 −0.02 −0.09, 0.06

5. Cortisone (−2.44, 0.77) −0.003 −0.10, 0.09 −0.003 −0.10, 0.09

Log ratios

1. Progesterone/Estradiol (2.05, 1.20) −0.03 −0.13, 0.06 −0.03 −0.12, 0.07

2. Testosterone/Estradiol (−0.73, 0.79) −0.11 −0.21, −0.02 −0.12 −0.22, −0.02

†
Beta coefficient per IQR increment of log transformed normalized hormones or ratios.

‡
Adjusted by maternal age, BMI, parity, secondhand smoke exposure, education, SES, and child’s sex.
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Table 4.

Maternal salivary hormones and risk of SGA and LGA
†

SGA vs. AGA
‡

LGA vs. AGA
‡

Log transformed normalized salivary hormones RR 95% CI RR 95% CI

 Progesterone 1.15 0.88–1.50 1.11 0.50–2.44

 Testosterone 1.25 0.92–1.70 0.70 0.28–1.74

 Estradiol 0.81 0.59–1.09 1.16 0.50–2.70

 DHEA 0.97 0.77–1.20 1.01 0.54–1.87

 Cortisone 0.97 0.74–1.28 1.28 0.60–2.74

Log ratios

 Progesterone/Estradiol 1.26 0.94–1.69 1.02 0.44–2.34

 Testosterone/Estradiol 1.50 1.13–2.00 0.62 0.28–1.38

†
RR per IQR of log transformed hormones or hormone ratios.

‡
Adjusted for maternal age, BMI, parity, secondhand smoke exposure, education, SES, and infant sex.
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