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HIGHLIGHTS 

 

 DHT levels can be estimated in human umbilical cord blood by GC-MS/MS 

 The sex difference in DHT levels exceed that of testosterone 

 Gestational age at delivery associates with DHT in boys and DHEA in girls 

 In both sexes, DHEA, but not DHT or testosterone, associates with SHBG  

ABSTRACT 

 

Androgen exposure of the fetus during gestation plays an important role in human physiology and 

pathophysiology, but assessment of androgens, in particular dihydrotestosterone (DHT), in human 

umbilical cord blood is technically challenging. The aim of this study was to assess umbilical cord 

androgen levels, including DHT, at birth by a highly sensitive assay, and study their association with 

sex of the infant, sex-hormone-binding globulin (SHBG) levels, and gestational age at delivery. 

Swedish infants (27 girls, 26 boys) were recruited at maternity care clinics in Southern Sweden. 

Umbilical cord blood levels of dehydroepiandrosterone (DHEA), androstenedione, testosterone and 

DHT at delivery were assessed by a gas chromatography-tandem mass spectrometry assay. Cord blood 

levels of DHT were 2.4-fold higher in boys (median 27.8 pg/mL) than in girls (11.5 pg/mL), while the 

sex difference was less pronounced for testosterone (1.3-fold higher in boys) and non-significant for 

DHEA and androstenedione. Gestational age at delivery associated inversely with DHT levels in boys 

and with DHEA levels in girls. There was a strong inverse correlation between SHBG and DHEA in 

both sexes, while there were no associations between SHBG and testosterone or DHT levels. In 

conclusion, using state of the art technology, we report that there is a pronounced sexual dimorphism 

in human umbilical cord blood DHT levels. The possibility to assess a complete androgen profile in 

human cord blood opens up for future increased understanding of the biological impact of the fetal 

androgen milieu. 

 

Key words: Androgens, Umbilical cord blood, Sex, GC-MS/MS  
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1. Introduction 

 

Androgen exposure of the fetus during gestation plays an important role in human physiology and 

development, such as the development of the male anatomic phenotype [1, 2]. Emerging data also 

suggest that androgen exposure in utero affects other phenotypes, such as future behavior, psychiatric 

disorders, metabolism and cardiovascular disease [2], although understanding in this area is 

incomplete.  

 

There are inherent obstacles for gathering human samples during pregnancy, but umbilical cord blood, 

which is a mixture of venous and arterial components in roughly equal proportions [1], is easily 

accessible after delivery. Cord blood provides a snapshot of the sex hormonal milieu at late gestation, 

although sex hormone levels may be additionally modulated by various obstetric and other factors [1, 

3]. Androgens assessed in cord blood are considered to reflect fetal production in adrenals and gonads, 

with a contribution from placental production and metabolism, while maternal steroid levels show 

weak associations with those in cord blood [1]. The main androgens and androgen precursors in 

humans are dehydroepiandrosterone (DHEA), androstenedione, testosterone and dihydrotestosterone 

(DHT). The precursors DHEA and androstenedione may be converted to active androgens, such as 

testosterone, in peripheral tissues and testosterone is further metabolized to DHT, a several times more 

potent agonist to the androgen receptor than testosterone itself [4].  

 

Immunoassays, that have been used in most previous studies investigating umbilical cord blood 

androgens [1, 3], have limited accuracy and specificity for the assessment of androgens, especially at 

lower concentrations [5]. Assessment of DHT in the lower ranges is challenging even using liquid 

chromatography-mass spectrometry (LC-MS) methods due to poor ionization of this steroid [6]. Thus, 

while consistent data suggest higher concentrations of testosterone in umbilical cord blood of male 

compared to female fetuses [1], there are few similar comparisons performed regarding DHT. In fact, 

reliable estimations of DHT have been performed in human cord blood in only one previous study [7] 



4 
 

and it is currently unknown whether DHT levels at birth associates with gestational age, sex-hormone-

binding globulin (SHBG) levels or other phenotypes.  

 

In the present study, we have assessed an androgen profile in human umbilical cord blood using a 

high-sensitive gas chromatography-tandem mass spectrometry (GC-MS/MS) assay and studied the 

sexual dimorphism in androgen profile at birth. Further, we have studied its association with SHBG 

levels and gestational age at birth. 
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2. Materials and methods 

 

2.1. Cohort and plasma samples 

Families in rural areas in the Skaraborg region in South-West Sweden were enrolled at maternity care 

clinics, and healthy infants born at term (median gestational age at delivery 39 weeks, range 36-42 

weeks) were included in the FARMFLORA study [8]. Information regarding maternal age, smoking, 

type of delivery (vaginal/planned section/emergency section), gestational age at delivery, weight and 

length at birth was gathered from a questionnaire to the parents and from birth records. The study 

protocol was approved by the Human Research Ethics Committee of the Medical Faculty, University 

of Gothenburg, Sweden.  

Blood samples were obtained from the umbilical cord at the delivery; from these, heparin 

plasma was prepared and diluted 1:2 in PBS before storage in -80 oC. Out of the original 65 

individuals included in the FARMFLORA cohort, plasma was available for sex hormone assay for 54 

individuals. One sample was excluded due to technical failure of the GC-MS/MS analysis, leaving 53 

samples for the present analysis (27 girls, 26 boys).  

 

2.2. Androgen profile by GC-MS/MS  

Plasma levels of testosterone, DHT, DHEA and androstenedione were measured in a single run by gas 

chromatography-tandem mass spectrometry (GC-MS/MS), as previously described [9]. Briefly, after 

the addition of isotope-labeled standards, steroids were extracted to chlorobutane, purified on a silica 

column, and derivatized using pentafluorobenzylhydroxylamine hydrochloride followed by 

pentafluorobenzoyl chloride. Steroids were analyzed in multiple reactions monitoring mode with 

ammonia as reagent gas using an Agilent 7000 triple quadrupole mass spectrometer equipped with a 

chemical ionization source. The assay for testosterone is validated by the Hormone Standardization 

Project at the Centers for Disease Control and Prevention (Atlanta, Georgia) using isotope-dilution 

LC-tandem MS [9, 10]. Assay performance, including intra-assay and inter-assay coefficients of 

variations (CVs), has been published previously [9]. Lower limit of detection (LOD) for the assay is 
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50, 4, 1.6 and 4 pg/mL and lower limit of quantification (LOQ) 400, 12, 2.5 and 8 pg/mL for DHEA, 

androstenedione, DHT and testosterone, respectively [9].  

 

2.3. Measurement of sex hormone-binding globulin (SHBG) 

Human sex hormone-binding globulin (SHBG) was analyzed by a commercial sandwich ELISA 

(Catalog Number SHBG0B, R&D Systems, Inc.), following the instructions of the manufacturer. The 

mean minimum detectable dose of human SHBG of the assay is 0.006 nmol/L. At a SHBG level of 2.7 

nmol/L, intra- and inter-assay CVs of the assay is 3.6% and 4.8%, respectively.  

 

2.4. Statistical analysis 

All variables were tested for normal distribution by Shapiro-Wilk normality test. For variables that 

were normally distributed with or without log-transformation, two-group comparisons were performed 

by Student’s t test and multivariate associations by multiple linear regression models. Other 

(nonparametric) data were analyzed using a Mann-Whitney U test (two groups) or Spearman rank 

correlations (correlation coefficients). Frequencies were compared by chi-square test. P<0.05 was 

considered statistically significant. Statistical evaluations were performed with SPSS (version 19; 

SPSS, Chicago, IL, USA).  
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3. Results 

 

3.1. Characteristics of the cohort 

Characteristics of the cohort are presented in Table 1. The mothers of boys were on average older than 

mothers of girls, and boys were taller at birth compared to girls. Only one mother was smoking. The 

majority of children had a vaginal delivery. There were no statistically significant differences in route 

of delivery, gestational age or birth weight between boys and girls.  

 

3.2. Cord blood androgen levels by GC-MS/MS according to sex of the fetus 

Of the 53 samples assayed, 4 female samples were below the LOQ for DHT; these were assigned 

values at the LOQ for statistical analysis. All samples were above LOQ for androstenedione, DHEA 

and testosterone.  

Cord blood levels of DHT were significantly lower in girls compared to boys (Fig. 1A); the 

median level in boys (27.8 pg/mL) was 2.4-fold higher than in girls (11.5 pg/mL). Testosterone levels 

(Fig. 1B) were also significantly higher in boys (median 216 pg/mL) than in girls (171 pg/mL), but the 

sex difference was less pronounced for testosterone (median 1.3-fold higher in boys than in girls) than 

for DHT. In accordance, the ratio between DHT and testosterone, an indicator of 5α-reductase activity, 

was significantly higher in boys (0.13 ± 0.06) compared to girls (0.08 ± 0.04; P = 0.001). There were 

no statistically significant sex differences in DHEA or androstenedione levels (Fig. 1C-D).  

Levels of SHBG, assayed by immunoassay, are shown in Table 1. SHBG levels were not 

statistically different between boys and girls. 

 

3.3. Correlations among cord blood androgens and SHBG 

Correlations among cord blood androgens in boys and girls, respectively, are shown in a correlation 

matrix (Table 2). In both boys and girls, levels of DHEA and androstenedione associated with 

testosterone levels. In boys, DHT levels associated with testosterone levels only. In girls, DHT levels 

associated with both DHEA and testosterone levels. 
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There was a strong negative correlation between SHBG and DHEA in girls as well as boys, but 

none between SHBG and the other androgens (Table 2).  

 

3.4. Association of cord blood androgens and SHBG with gestational age at birth 

Because not all of the androgen levels were normally distributed even after log-transformation, we 

first studied associations between cord blood androgens and gestational age at birth by non-parametric 

statistics. In boys, DHT, but not the other androgens, associated inversely with gestational age at 

delivery (Table 3). In girls, DHEA, but not the other androgens, associated inversely with gestational 

age at delivery (Table 3). Further, SHBG levels were strongly associated with gestational age at 

delivery in girls, but not boys (Table 3). 

To further illustrate the sex-dependent associations between gestational age at delivery and 

DHT, we plotted DHT against gestational age (Fig. 2). The graph illustrates that the sex difference in 

DHT level tends to be larger at lower gestational ages.  

 

3.5. Association of cord blood androgens and SHBG with birth weight 

We next studied the association between cord blood androgens and birth weight. In Spearman 

correlation analyses, there were no significant correlations between cord blood androgens or SHBG 

and birth weight in girls (Table 3). In boys, DHT correlated with birth weight, while there were no 

similar associations with DHEA, androstenedione, testosterone or SHBG levels (Table 3). As 

expected, birth weight associated with gestational age at delivery (in boys only; Spearman correlation 

coefficient rs = 0.69, P<0.001 in boys and rs=0.20, P=0.35 in girls), suggesting that the statistically 

weaker association between DHT and birth weight in boys is explained by the covariation of DHT 

levels with gestational age.  

 

3.6. DHEA and SHBG; potential confounding by gestational age at delivery  

We next wanted to study potential confounding of the strong association between DHEA and 

SHBG by gestational age, as both DHEA and SHBG associated with gestational age in girls. In 

multivariate regression models with DHEA as dependent variable (Table 4), SHBG remained as a 
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predictor for DHEA level after adjustment for gestational age at delivery. Further, adjustment for birth 

weight did not materially change this association. These findings suggest that the association between 

DHEA and SHBG is not explained by covariation with gestational age or birth weight. 
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4. Discussion 

 

Here we employ cutting edge methodology to assess levels of androgens in umbilical cord blood of 

neonatal girls and boys. We report that there was a pronounced sex difference in DHT levels, 

exceeding the relative difference in testosterone levels between boys and girls. Gestational age at 

delivery was strongly negatively associated with DHT levels in boys, while DHEA levels associated 

with gestational age in girls. There was a strong inverse correlation between SHBG and DHEA in both 

sexes, while there were no associations between SHBG and testosterone or DHT levels. 

 

Immunoassays yield unreliable results when assessing low levels of androgens [5] and even LC-MS 

assays may provide insufficient sensitivity, particularly for detection of low DHT levels [6]. Using an 

LC-MS assay, Anderson et al. reported that DHT levels were below the limit of detection (50 pg/mL) 

in 67% and 62% of the cord blood samples of male and female fetuses, respectively [11]. In 

comparison, our GC-MS/MS with a limit of detection of 1.6 pg/mL and limit of quantification of 2.5 

pg/mL, provides a more than 20-fold higher sensitivity for DHT. Using this assay, we found median 

levels of 27.8 pg/mL in boys and 11.5 pg/mL in girls. Using similar technology, Morisset et al. 

reported slightly lower levels of 0.06 nmol/L (around 17 pg/mL) and 0.01 nmol/L (3 pg/mL) in 

umbilical blood blood of male and female fetuses, respectively [7]. Differences in assay performance 

and/or birth cohort may contribute to these somewhat divergent DHT levels. 

 

While both we and others [1] found increased testosterone levels in umbilical cord blood of male 

compared with female fetuses, we report that the relative difference in cord levels are larger for DHT 

than for testosterone, which is in line with the study by Morisset et al [7]. Speculatively, this finding 

may support an important role of DHT for sex-specific development during fetal life. According to the 

“classic” pathway DHT is produced locally in the genital skin of the male fetus from the direct 

metabolism of testis-derived testosterone by 5α-reductase or via local production of testosterone from 

adrenal precursors, including DHEA and androstenedione [12]. In addition, there is a “backdoor” 

pathway leading to synthesis of DHT from progesterone without passing a testosterone step, which is 
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particularly active in the fetus [12]. DHT produced via this pathway functions as a circulating 

hormone. The essential role of the “backdoor” pathway was recently supported by the fact that patients 

with genetic deletions in enzymes participating only in this pathway display a disorder of sexual 

development [12]. Thus, although testosterone and DHT levels associated strongly in both girls and 

boys, and both testosterone and DHT are considered important for human male sexual differentiation 

[12], there is a recently discovered additional role of circulating DHT operating independently of 

testosterone production. 

 

We found that gestational age at delivery associated with DHT levels in cord blood of boys, such that 

levels decreased with increased gestational age. Speculatively, DHT levels decline during pregnancy, 

similar to the pattern described for testosterone [13, 14]. Studies reporting that alterations in androgen 

levels/signaling have little impact on birth weight [15] support that the association between DHT and 

birth weight is explained by covariation of both with gestational age. SHBG levels were also 

negatively associated with gestational age at delivery, but only in girls. Further, gestational age was 

negatively associated with DHEA rather than DHT in girls. These results are opposite to two recent 

studies where weak positive correlations between gestational age and DHEA [3, 14] as well as SHBG 

concentrations [3] were reported; however, in contrast to us, these studies used a sex-mixed analysis 

and gestational age at delivery was in the range of 28-42 weeks [3, 14], as compared with 36-42 weeks 

in the present study.  

 

In the present study, we could not detect a clear sexual dimorphism in cord blood SHBG level, in 

accordance with previous data showing either no difference [16] or that SHBG levels are modestly 

(11%) higher in umbilical cord blood from boys compared to girls [3]. Further, we found no 

association between SHBG and testosterone or DHT in either sex, in line with data from a large birth 

cohort showing that SHBG levels were only weakly associated with total testosterone assessed by LC-

MS/MS [3].  
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In cord blood of both boys and girls, we detected a strong negative correlation between SHBG and 

DHEA, which was not explained by covariation with gestational age or birth weight. To our 

knowledge, this association has not been in focus previously. It is well known that bioactive androgens 

decrease SHBG serum concentrations [16, 17], and it is conceivable that testosterone/DHT produced 

locally in the liver from the precursor DHEA may influence hepatic SHBG production [17]. SHBG 

levels may also impact the clearance rates of bound steroids [16]; however, DHEA is only weakly 

bound to SHBG [18]. The physiological role of SHBG during fetal life is unknown, but both DHEA 

and SHBG are potentially influenced by various hormonal, nutritional and metabolic factors during 

gestation [18, 19]. Notably, cord blood androgens are increased in boys of insulin resistant mothers 

[7], and low SHBG levels are generally associated with insulin resistance [19], suggesting that the 

(maternal) degree of insulin sensitivity may be one such factor. Taken together, a confounder that 

modulates both DHEA and SHBG may be operative, and SHBG and DHEA levels in human cord 

blood may thus provide a shared, but reciprocal, signal of metabolic/hormonal status, which should be 

a focus of future studies. 

 

Prenatal androgen exposure has been suggested to play a role for a large number of phenotypes and 

diseases, for which sex differences are documented. For example, there are sex differences in verbal 

ability and higher cord blood testosterone levels have been associated with poorer early language 

development [1]. Similarly, it is conceivable that androgen exposure during the fetal period may 

contribute to sex differences in the development of future metabolic disturbances and cardiovascular 

disease, and a number of other conditions during childhood and adult life [2]. This is an exciting 

research area, which however has been hampered by technical restraints regarding the assessment of 

androgens, in particular the potent testosterone metabolite DHT, in cord blood. The fact that the sex 

difference in DHT levels in cord blood exceeds that of testosterone, may suggest that DHT play an 

important role during fetal life. Therefore, GC-based assessment of a complete androgen profile, 

including DHT, in fetal/cord blood of longitudinal cohort studies may yield important insight into the 

(patho-) physiological role of prenatal androgen exposure.   
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The relatively small study sample is a limitation of the present study; with increased power, we would, 

for example, be able to determine whether DHEA levels are higher in cord blood from girls compared 

to boys, as suggested by others [2, 3]. Further, it is a limitation that information about obesity, 

gestational diabetes and/or insulin treatment, preeclampsia or other conditions among mothers was not 

systematically collected. Certain obstetric factors (such as delivery after labor/no labor [3]) are 

potential confounders that have not been accounted for. However, only four of the children in this 

cohort were delivered by planned Cesarean section, and almost all of the children were thus delivered 

after a period of labor. We did not collect material for the estimation of activity of the enzymes 

involved in androgen biosynthesis, which would provide additional insight. Notably, androgen levels 

in umbilical cord blood reflect the fetal androgen milieu at birth, while generalizability to other time 

points during gestation or infancy cannot be inferred.  

 

 

5. Conclusions 

 

In conclusion, using state of the art technology to assess an androgen profile in human umbilical cord 

blood we report here that there is a pronounced sexual dimorphism in cord blood DHT levels, 

exceeding that of testosterone. Furthermore, we report a strong inverse association between DHEA 

and SHBG levels that should be investigated further. Estimation of a complete androgen profile, 

including DHT levels, in human cord blood opens up the possibility for future studies and increased 

understanding of the biological impact of the fetal androgen milieu. 
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Figure 1. Levels of androgens in umbilical cord blood according to sex. Androgens were 

determined by GC-MS/MS in a cohort of Swedish children (26 boys, 27 girls) born at term. A, 

dihydrotestosterone levels (DHT); B, testosterone; C, dehydroepiandrosterone (DHEA); D, 

androstenedione. **P<0.01, ****P<0.0001 in girls versus boys (Mann-Whitney U test). ns, not 

statistically significant. 

 

Figure 2. Cord blood androgens and gestational age at birth in girls and boys.  Association 

between gestational age at delivery and DHT (log scale). Open circles indicate girls and filled circles 

boys. Corresponding Pearson correlation coefficients are r= 0.20 (P=0.35) for girls and r= -0.53 

(P=0.006) for boys.  
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TABLES 

 

 

Table 1 

Characteristics of the cohort 

 Boys Girls 
 

p a 

N 
 

26 27  

Maternal age, years 
 

34.3 ± 4.4 31.7 ± 4.5 0.037 

Maternal smoking, n 
 

0 1 ND 

Vaginal delivery, n (%) 
 

21 (84) 23 (92) 0.38 

Planned sectio, n (%) 
 

3 (12) 1 (4) ND 

Emergency sectio, n (%) 
 

1 (4) 1 (4) ND 

Gestational age at delivery, d 
 

278 ± 13 278 ± 9 0.94 

Weight at birth, g 
 

3634 ± 514 3484 ± 342 0.23 
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Length at birth, cm 
 

51.2 ± 2.0 50.1 ± 1.4 0.045 

SHBG, nmol/L 
 

23.4 ± 18.7 16.7 ± 11.7 0.19 

 

Values are mean ± SD, unless otherwise specified. ND, not determined. 

a p-values are from t-test, but SHBG levels were compared by Mann-Whitney U test and frequencies 

were compared by Chi-square test.  

 

 

 

 

 

 

 

 

Table 2 

Correlations among cord blood androgens and SHBG 

 DHEA 
 

Androstenedione Testosterone DHT 

Boys (n=26) 
 
 

    

Androstenedione 0.32 
(p = 0.11) 

   

Testosterone 0.40  
(p = 0.043) 

0.49   
(p = 0.011) 

  

DHT -0.15 
(p = 0.45) 

0.02 
(p = 0.91) 

0.46   
(p = 0.020) 

 

SHBG -0.68   
(p < 0.001) 

 

-0.20 
(p = 0.32) 

-0.22 
(p = 0.28) 

0.23 
(p = 0.25) 

 
Girls (n=27) 
 
 

    

Androstenedione 0.24 
(p = 0.23) 
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Testosterone 0.60   
(p = 0.001) 

 

0.60  
(p  = 0.001) 

  

DHT 0.43 
(p = 0.026) 

 

0.08 
(p = 0.69) 

0.60 
(p = 0.001) 

 

SHBG -0.67  
(p < 0.001) 

 

-0.10 
(p = 0.63) 

-0.18 
(p = 0.37) 

0.04 
(p = 0.85) 

 

Correlation coefficients from Spearman correlation analysis are shown with 2-tailed significance P-

values within brackets. 

 

 

 

 

Table 3 

Correlations between cord blood androgens and SHBG and gestational age at birth and birth weight in 

boys and girls  

 DHEA Androstenedione Testosterone DHT SHBG 

 
Gestational age at birth 

     

Boys  -0.01 
(p = 0.95) 

0.18 
(p = 0.40) 

-0.28 
(p = 0.17) 

-0.54  
(p = 0.006) 

-0.05 
(p = 0.82) 

Girls  -0.46  
(p = 0.022) 

-0.03 
(p = 0.91) 

-0.09 
(p = 0.67) 

0.08 
(p = 0.70) 

-0.69  
(p < 0.001) 

 
Birth weight 

     

Boys 0.01 
(p = 0.97) 

0.11 
(p = 0.62) 

-0.25 
(p = 0.22) 

-0.41  
(p = 0.041) 

-0.13 
(p = 0.53) 
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Girls -0.26 
(p = 0.20) 

-0.02 
(p = 0.92) 

-0.11 
(p =0.61) 

-0.12 
(p = 0.57) 

0.32 
(p =0.11) 

 

Correlation coefficients from Spearman correlation analysis are shown with 2-tailed significance P-

values within brackets.  

N = 26 (boys) and 27 (girls). 

 
 

 

 

 

 

 

 

Table 4  

Associations between cord blood DHEA level and SHBG in girls, with and without adjustment for 

gestational age and birth weight 

 Standardized β-coefficient 
(P-value) 

 
Univariate -0.65   

(p < 0.001) 
 

Adjusted for gestational age at birth -0.51   
(p = 0.023) 

 
Adjusted for gestational age and birth weight -0.52   

(p = 0.029) 
 

 

Multiple linear regression analysis in girls with DHEA (log-transformed) as the dependent variable 

and SHBG as independent variable, with our without addition of gestational age and birth weight in 

the model.  
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