
Supplementary table 2. Human studies addressing exposure to polycyclic aromatic hydrocarbons, parabens, pyrethroid or polyfluoroalkyl substances and obesity (n=8). 

 

Authors, 

year 

Country Study 

design, 

quality 

Study objective Source population Sex and age Sample 

size 

Sample, 

compounds (DR) 

and method 

Outcomes Adjustment for 

confounding 

factors 

Main findings 

PAH 

Kim et al, 

2014 

USA Cross-

sectional, 7 

To investigate the 

association between 

[urinary PAH] and 

obesity and among 

children and adolescents 

General population, 

NHANES 2003-

2004, 2005-2006, 

2007-2008 

Male and female, 6-

18 y 

1985 Urine 

 

2 naphthalene 

metabolites (1-OH 

NAP, 2-OH NAP) 

3 fluorene 

metabolites (2-OH 

FLUO, 3-OH 

FLUO, 9-OH 

FLUO) 

3 phenanthrene 

metabolites (1-OH 

PHEN, 2-OH 

PHEN, 3-OH 

PHEN) 

1 pyrene 

metabolite (1-OH 

PYR) 

(NS) 

 

GC-MS 

BMI, WC, 

general and 

central OB 

(percentiles of 

BMI and WC) 

Age, sex, race, 

urinary creatinine, 

parent/caregiver 

education, serum 

cotinine, poverty 

income ratio, 

television 

watching hours, 

calorie intake 

[Urinary PAH 

metabolites] 

associated with 

general and 

abdominal 

obesity 

independently 

of 

environmental 

tobacco 

exposure, but 

was intensified 

by 

environmental 

tobacco 

exposure 

Scinicariello 

et al, 2014 

USA Cross-

sectional, 7 

To investigate the 

association between 

[urinary PAH] and 

obesity and among 

children and adolescents 

General population, 

NHANES 2001-

2002, 2003-2004, 

2005-2006 

Male and female, 6-

19 y 

3189 Urine 

 

8 OH-PAH (sum 

molPAHs, sum 

naphthalene 

metabolites, sum 

fluorene, 

phenanthrene and 

pyrene 

metabolites) 

(NS) 

 

GC-MS 

BMI, BMI z-

score, WC 

Age, 

race/ethnicity, 

sex, urinary 

creatinine, 

poverty:income 

ratio, serum 

cotinine, C-

reactive protein, 

calorie intake, 

television/video 

game, computer 

use 

[Total urinary 

PAH 

metabolites] 

and 

[naphthalene 

metabolites] 

positively 

associated with 

higher BMI, 

WC and 

obesity in 

children aged 

6-11 years  

Parabens 

Xue et al, 

2015 

India Cross-

sectional, 6 

To investigate the 

association [urinary 

POPs] and obesity 

Endocrinology 

Outpatient 

Department of the 

Male and female, 

2-14 y 

103 (49 

OW or 

obese 

Urine 

 

MeP, PrP, EtP, 4-

BMI (OW 

defined by BMI 

> p85 and 

Age, sex, family 

income, parent 

education, 

[Urinary 3,4-

DHB] 

independently 
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Amrita Institute of 

Medical Sciences, 

Kochi, India 

and 27 

normal-

weight 

healthy 

controls) 

HB, 3,4-DHB, 

total parabens, 

total MPs (78-

100%) 

 

LC-MS 

obesity defined 

by BMI > p95) 

physical activity, 

antenatal 

complications and 

urinary creatinine 

associated with 

obesity 

Kang et al, 

2016 

Korea Cross-

sectional, 7 

To investigate the 

association between 

[urinary parabens] and 

demographic variables 

Participants from 

the Korean National 

Human 

Biomonitoring 

Survey (general 

population) 

Female and male, 

3-69y 

2541 Urine 

 

MeP, EtP, PrP, 

BuP 

(83.5-97.7%) 

 

HPLC-MS 

BMI Urine creatinine, 

age, sex, 

education, 

income, smoking 

status, current 

residence 

[Urinary MeP 

and PrP] 

positively 

associated with 

BMI in adults 

but not in 

children and 

adolescents 

Deierlein et 

al, 2017 

USA Cohort, 9 To investigate the 

association between 

[urinary EDCs] and 

changes in adiposity 

measurements after 8 y, 

in elementary-school-

aged girls 

Subjects from the 

puberty cohort 

studies of the Breast 

Cancer and 

Environment 

Research Program 

Female, 6-8 y 1017 Urine 

 

Sum MeP, EtP, 

PrP (> 80%) 

 

HPLC-MS 

BMI, WC, 

BF% 

(bioelectrical 

impendance 

analysis) 

Age, urinary 

creatinine, 

race/ethnicity, site 

of study, 

caregiver 

education, early 

puberty, baseline 

weight 

[Urinary 

parabens] not 

associated with 

change in 

adiposity 

measurements 

after 8 years 

Guo et al, 

2017 

China Cross-

sectional, 8 

To investigate the 

association between 

[urinary parabens] and 

anthropometric 

parameters of children 

aged 3 

Children visiting the 

Sheyang Maternal 

and Child Health 

Care Center 

Female and Male, 3 

y 

436 Urine 

 

MeP (97.7%), EtP 

(94.6%), PrP 

(98.6%), BuP 

(97.5%), BeP 

(80.7%) 

Sum parabens 

 

GC-MS/MS 

Weight z-score, 

height z-score, 

weight-for-

height, BMI z-

score 

Gender, specific 

urinary gravity, 

maternal and 

paternal BMI, 

maternal 

education, family 

annual income, 

type of 

inhabitation 

(town, suburb, 

country side), 

feeding pattern, 

smoking status, 

type spent playing 

outdoors, 

sampling season, 

birth weight, 

length and 

ponderal index, 

maternal urinary 

parabens during 

late pregnancy, 

[Urinary EtP] 

positively 

associated with 

weight and 

height z-score 

but not BMI z-

score among 

boys 
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[urinary BPA, 

TCS and 

benzophenone) 

Pyrethroid 

Yoo et al, 

2016 

South 

Korea 

Cross-

sectional, 7 

To investigate the 

association between 

[urinary pyrethroid] and 

obesity 

1st Korean National 

Environmental 

Health Survey 

(National Institute 

of Environmental 

Research) 

Male and female, 

>19y 

3671 Urine 

 

3-PBA (NS) 

 

LC-MS 

BMI (OW 23-

25 kg/m2, 

obesity > 25 

kg/m2) 

Age, sex, region, 

current smoking 

and drinking 

status, exercise 

status, education 

level, use of 

mosquitocide, job 

classification, 

urinary creatinine 

Low [urinary 

3-PBA] 

positively 

associated with 

obesity 

whereas high 

[urinary 3-

PBA] 

negatively 

associated with 

BMI 

Polyfluoroalkyl substances 

Karlsen et 

al, 2017 

Denmark Cross-

sectional, 6 

To investigate the 

association between 

[POPs] and obesity 

Subjects from the 

National Hospital of 

the Farol Islands  

Female and male, 5 

y 

349 Serum 

 

PFOS, PFOA, 

PFHxS, PFNA, 

PFDA (100%) 

 

GC-ECD 

BMI z-score, 

OW (>p85) 

Serum lipids, 

maternal 

nationality, age at 

delivery, pre-

pregnancy BMI, 

smoking during 

pregnancy, 

child’s gender, 

exclusive 

breastfeeding 

duration, child’s 

fish intake at age 

5 y 

[Serum PFOA, 

PFNA, PFDA] 

inversely 

associated with 

BMI z-score 

 

3,4-HB: 3,4-dihydroxibenzaldehyde; 4-HB: 4-hydroxybenzoic acid; BMI: body mass index; BuP: butylparaben; DR: detection rate; EtP: ethylparaben; GC-MS: gas chromatography-mass spectrometry; HPLC-MS: 

high performance liquid chromatography-mass spectrometry; LC-MS: liquid chromatography-mass spectrometry; MeP: methylparaben; NHANES: National Health and Nutrition Examination Survey; NS: not stated; 

OB: obesity; OW: overweight; PAH: polycyclic aromatic hycrocarbons; PBA: phenoxybenzoic acid; PFDA: perfluorodecanoic acid; PFHxS: perfluorohexanesulfonate; PFNA: perfluorononanoic acid; PFOA: 

perfluorooctanoic acid; PFOS: perfluorooctanesulfonic acid; POPs: persistent organic pollutants; PrP: propylparaben; PYR: pyrene; WC: waist circumference. 
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