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Abstract.  This study aimed to determine the levels of 

Bisphenol A (BPA) and the relationship between BPA and 

anthropometric measurements of children aged 8-9 years in 

a sample representing urban and rural areas of Konya in 

Turkey. Urine samples were collected in glass vials in the 

morning and were stored at −20 °C until analysis. BPA 

analyses were performed using LC–MS/MS. Weight-for-

age, height-for-age, body mass index -for-age were 

expressed in Z score (WAZ, HAZ, BAZ, respectively). 

BPA were divided into three categories [low<20%; 

20%≤middle≤80%; high>80%]. Of 587 enrolled children, 

65.8% were from urban areas, 50.3% male. Urinary BPA 

concentrations were detectable in 79.6%. A median (25p-

75p) concentration of creatinine-corrected BPA 

concentrations was 5.9 (2.1-12.0) µg/g-creatinine. Children 

from urban residence had significantly lower BPA 

concentrations than rural ones.  BPA concentrations were 

not associated with gender and BAZ. Children with low 

creatinine-corrected BPA levels (<20%) had significantly 

higher HAZ than those with high BPA levels (p=0.017). 

After adjusting age, residence and gender, BPA levels 

significantly affected HAZ of children. As a result, BPA 

exposure changed with residence of children. BPA 

exposure might negatively affect height during prepubertal 

period. Further studies are necessary to evaluate the effect 

of BPA exposure on child growth.   
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1. Introduction 

Bisphenol A (BPA) has been widely used for decades in 

consumer goods, however, it is a suspected endocrine-

disrupting chemical and can have a role in multiple 

diseases including urino-genital abnormalities in male 

newborns, early onset of puberty in girls, metabolic 

disorders including insulin resistant (type 2) diabetes and 

obesity (Bhandari et al., 2013; Braun and Hauser 2011; 

DiVall 2013; Eng 2013; LaKind et al., 2014; Rochester 

2013).  On the other hand, there is no published study 

concerning the effect of the BPA exposure on child’s 

height.  

This study aimed to determine the levels of BPA and the 

relationship between BPA and antropometric 

measurements [weight, height, body mass index (BMI)] of 

children aged 8-9 years in a sample representing urban and 

rural areas of Konya in central region of Turkey.  

2. Methods 

Konya is the biggest and the 7
th

 crowded city in Turkey.  

The study was a representative cross-sectional study in 

Konya.  

Turkish Statistical Institute (TURKSTAT) calculated 

sample size by child population density for rural and urban 

areas of Konya. The blocks of 25 household lists were 

selected as primary sampling units. Then, household lists 

were checked for children aged 8-9 years by a field 

operation. After written informed consent was obtained 

from one parent, anthropometric measurements (height, 

weight) were taken twice by an expert nurse and the 

averages were recorded. Urine samples were collected in 

glass vials from the enrolled children in the morning and 

were stored at −20 °C until analysis.   

The study was approved by Local Ethic Committee of 

Medical Research of Hacettepe University Faculty of 

Medicine (291207TBK07/14).  

Body weight was measured in light clothing using an 

electronic scale to the nearest 0,1 kg. Height was measured 

without shoes to the nearest 0,1 cm. We divided weight by 

the squared height to calculate BMI (in kg/m2). Using 

WHO AnthroPlus, z scores for weight-for-age, height-for-

age, body mass index -for-age were calculated (WAZ, 

HAZ, BAZ, respectively) (WHO 2009). HAZ less than "-

1" z score was defined as short and BAZ higher than"+1" z 

score were defined as overweight. 

Urinary creatinine was measured using a Jaffe rate 

reaction. Urinary BPA analyses were performed using LC–

MS/MS (Applied Biosystems API-3200; Foster City, CA). 

The limit of detection (LOD) was 0.3 µg/L and the limit of 

quantification (LOQ) was 0.9 µg/L. 

Statistical analysis was performed using IBM SPSS 

Statistics 23. Descriptive statistical analyses (median, 

mean, SD, 95%CI, geometric mean) were performed.  

BPA was expressed in  µg/L urine and for creatinine 

adjusted concentrations in µg/g-creatinine. Concentrations 

below the LOQ were substituted with the LOQ divided by 

the square root of two. The urinary creatinine-corrected 

BPA levels were not normally distributed (Shapiro–Wilk 
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test, p < 0.05) and were not corrected after log-

transformation.  The urinary creatinine-corrected BPA 

were divided into three categories [low<20%; 

20%≤middle≤80%; high>80%] and further categorized 

into the quintiles (<0.9 µg/L, 0.9-3.9 µg/L, 4.0-6.9 µg/L, 

7.0-11.9 µg/L, >11.9 µg/L).  

The chi-square test was used to check for gender, regional, 

HAZ and BAZ differences in relation to three BPA 

categories. The analysis of variance were carried out to 

check for differences in the mean WAZ, HAZ, BAZ, 

MAUC and TSF in three BPA categories and Duncan test 

was used for subgroup analysis. Spearman correlation 

coefficients assessed correlations between anthropometric 

measurement and urinary BPA levels.  

Multiple logistic regression analyses were conducted to 

determine whether the urinary BPA quintiles, age, gender 

and residence of children predicted short children (HAZ<"-

1" z score). Additionally, logistic regression analyses were 

conducted to determine whether urinary BPA quintiles, 

age, gender and residence of children predicted 

overweight.   

3. Results 

Of 587 enrolled children, 65.8% were from urban area, 

50.3% male (Table 1), 16.1% overweight or obese and  

16.6% short. The means (±SD) for WAZ, HAZ and BAZ 

were -0.14±1.17, -0.05±1.04 and -0.22±1.31 respectively.  

Urinary BPA concentrations were detectable in 79.6%. A 

median (25p-75p) concentration of creatinine-corrected 

BPA concentrations was 5.9 (2.1-12.0) µg/g-creatinine 

(Table 2).  

Children from urban residence had significantly lower 

BPA concentrations than rural ones [median (25p-75p); 4.9 

(1.8-9.9) and 7.9 (3.7-14.8) µg/g-creatinine, respectively].  

Males and females had similar urinary BPA concentrations 

(Table 3). Children with low creatinine-corrected BPA 

levels (<20%) had significantly higher HAZ than others 

(p=0.017). Overall, the risk of being short children 

increased  with BPA categories; 8.5 %, 16.6% and 24.8% 

(P=0.004, Table 3). Overweight children had similar rates 

of BPA categories to normal weight children.  

BPA concentrations were negatively correlated with WAZ 

(r=-0.101, p=0.015) and HAZ (r=-0.156, p<0.001).  

After adjusting age, gender and residence, the risk of being 

short was found be higher in the 4th and 5th BPA quintiles 

than the first quintile (Table 4).  

 

 

Table 1. General characteristics of children  

 mean±SD 95%CI 

Age, years 8.98±0.29 8.95-9.00 

Male, n (%) 295 (50.3)  

Urban, n (%) 386 (65.8)  

WAZ -0.14±1.17 -0.24, 0.05 

HAZ -0.05±1.04 -0.14, 0.03 

BAZ -0.22±1.31 -0.33, -0.11 

WAZ, z scores for weight-for-age; HAZ, z scores for height-for-age; BAZ, z scores for body mass index-for-age. 

 

Table 2. Urinary Bisphenol A levels   

Bisphenol A %<LOQ 

mean geometric 

mean 

25 50 75 90 95 Maximum 

µg/L 20.40 8.8 4.4 2.1 5.6 9.7 20.5 30.5 153.0 

µg/g-creatinine 

 

11.1 5.0 2.1 5.9 12.0 24.9 44.2 129.5 

 

 

Table 3. Differences in age, gender region and anthropometry of children by urinary creatinine-corrected BPA categories 

 Urinary creatinine-corrected Bisphenol A categories  

 Low: <LOQ Middle: 21-80 %  High: >80% p 

n 120 350 117  

Age, years 8.96±0.29 8.97±0.30 9.04±0.31 0.076 

Male, n(%) 51 (42.5) 185 (52.9) 59 (50.4) 0.147 

Urban residence, n(%) 85 (70.8) 240 (68.6) 61 (52.1) 0.002 

WAZ 0.02 

[-0.19, 0.23] 

-0.15 

[-0.28, -0.03] 

-0.28 

[-0.51, -0.05] 

0.146 

HAZ 0.17  -0.08  -0.19  0.017 
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[0.01, 0.34]
a 

[-0.19, 0.03]
b 

[-0.40, 0.02]
b 

HAZ<-1 z score 10 (8.5) 58 (16.6) 29 (24.8) 0.004 

BAZ -0.20  

[-0.44, 0.05] 

-0.21  

[-0.34, -0.07] 

-0.28  

[-0.52, -0.04] 

0.841 

BAZ>1 z score 23 (19.5) 54 (15.5) 16 (14.5) 0.517 

Mean [95%CI], Different letters in the same row were different, p<0.05. WAZ, z scores for weight-for-age; HAZ, z scores 

for height-for-age; BAZ, z scores for body mass index -for-age. 

 

Table 4. The effect of Bisphenol A (BPA) quintiles (Q) on child’s anthropometry 

 HAZ<"-1" z score BAZ>"+1" z score 

 Exp(B) 95% C.I. Sig. Exp(B) 95% C.I. Sig. 

BPA-Q1    0.010   0.842 

BPA-Q2 vs.Q1 1.30 [0.53-3.16] 0.564 0.74 [0.37-1.46] 0.386 

BPA-Q3 vs.Q1 2.18 [0.97-4.90] 0.060 0.70 [0.35-1.41] 0.317 

BPA-Q4 vs.Q1 2.93* [1.33-6.43] 0.007 0.76 [0.38-1.52] 0.441 

BPA-Q5 vs.Q1 3.34* [1.53-7.29] 0.002 0.72 [0.36-1.45] 0.355 

Age  1.43 [0.67-3.03] 0.353 1.83 [0.86-3.91] 0.119 

Rural vs. Urban 0.86 [0.53-1.38] 0.528 1.62 [0.96-2.72] 0.072 

Female vs. male 0.93 [0.60- 1.45] 0.747 0.72 [0.46-1.13] 0.151 

BPA, Bisphenol A; Q, quintiles; HAZ, z scores for height-for-age; BAZ, z scores for body mass index -for-age. 

 

4. Discussion 

The median and geometric mean of the urinary unadjusted 

BPA (creatinine-adjusted BPA) concentration was 5.6 and 

4.4 μg/L (5.9 and 5.0 µg/g-creatinine) with a 95th 

percentile of 30.5 μg/L (44.2 µg/g-creatinine) in Turkish 

preadolescence children. Urinary concentrations of BPA in 

Turkish children were comparable to the values reported in 

9–11 year old Spanish children [Median (P25, P75) 4.76 

(2.77, 9.03) µg/L] (Perez-Lobato et al., 2016), donated 

urine samples of 8-11 year old children from 2003-2006 

National Health and Nutrition Examination Survey 

(NHANES), (mean:6.43 µg/L, Li et al., 2017) and urine 

samples of children aged 6–18 years from NHANES 

2003–2008 (mean: 4.8 µg/L, Bhandari et al., 2013). 

Urinary BPA levels in our study were much higher in 

comparison to those reported in Belgium (GM: 2.24 ng/ 

mL) (Geens et al. 2014), USA (GM: 3.7 ng/ mL) (Calafat 

et al. 2008), Canada (GM: 1.50 ng/mL) (Bushnik et al., 

2010), Denmark (Median: 0.80 ng/mL) (Frederiksen et al., 

2014), Germany (GM: 2.42 µg/L) (Becker etal., 2009), 

China (GM: 3.0 µg/L) (Li et al., 2013). Varying BPA 

concentrations among populations of children may be due 

to cultural differences in diet and behavior.  

Some cross-sectional studies suggest that BPA exposure is 

associated with obesity in children (Bhandari et al., 2013; 

Eng et al., 2013; Li et al., 2013; Trasande et al., 2012; 

Wang et al., 2012; Wells et al., 2014), however, 

prospective cohort studies examining early-life BPA 

exposure in association with childhood obesity report 

contradictory findings: One found higher BMI among 

children with higher prenatal BPA exposure (Valvi et al., 

2013), and the two others reported lower BMI with higher 

early childhood exposure (Braun et al.,2014; Harley et al., 

2013). Similarly, study results in adults are also 

conflicting; eight studies with positive association and ten 

studies with no association (Oppeneer et al., 2015). 

Despite no relationships between BPA levels and measures 

of fat mass, BPA was reported to be associated with the 

adipokines, adiponectin and leptin and with the gut-

hormone ghrelin in a previous study (Rönn et al., 2014). 

On the other hand, obese children may have greater 

exposure to BPA due to higher dietary intakes and diet is 

an exposure route. In addition, there was no relationship 

between BAZ and urinary BPA levels in our study.   

In our study the level of BPA exposure increased the risk 

of being stunded in preadolescent children.  To our 

knowledge, there are no other studies so far on the effect of 

early life BPA exposure on height other than adiposity. 

Given an endocrine distruptors, BPA exposure might affect 

height, growth of children. Previous studies reported that 

BPA exposure altered thyroid function and 

disturbed thyroid hormone (TH) homeostasis (Andrianou 

et al 2016; Geens 2015; Park et al 2017).  

In conclusion, our study might support to potential effects 

of BPA on prepubertal growth. However, because of the 

short half-life and the likely episodic nature of BPA, our 

findings based on concentrations of the target biomarkers 

in a single urine sample may be affected by exposure 

misclassification. As a limitation of the study, the cross-

sectional design does not permit the ascertainment of 

temporal associations between BPA and height. In 

addition, the cross-sectional design could give data 

concerning current exposures. The use of spot urine 

samples is a potential limitation of our study. Further 

longitudinal studies are needed in other populations with 

large sample size to confirm or disprove our findings. 
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