Yalgin et al. BMC Nephrology ~ (2022) 23:141

https://doi.org/10.1186/512882-022-02774-y B M C N e p h rO | Ogy

RESEARCH Open Access

. : : ®
Association of urine phthalate metabolites, =

bisphenol A levels and serum electrolytes
with 24-h blood pressure profile in adolescents

Siddika Songul Yalcin"'®, izzet Erdal'®, Berna O§uz’® and Ali Duzova®

Abstract

Background: Among the possible causes of hypertension in adolescence, electrolyte imbalances and environmental
pollutants are drawing increasing attention. We aimed to examine the relationship between bisphenol A (BPA), phtha-
late metabolites, and serum electrolytes and blood pressure.

Methods: Eighty-six participants aged 12-15years were included in the study. Body mass index (BMI), office blood
pressure and 24-h ambulatory blood pressure measurements (ABPM), and carotid intima-media thickness were deter-
mined. Blood samples were taken for hemogram, renal function tests, and serum electrolytes. Free- and total-BPA and
phthalate metabolites were analyzed from urine samples.

Results: Of the participants, 34 were evaluated as normal blood pressure profile, 33 as white-coat hyperten-

sion (WCHT), and 19 as ABPM-hypertension. Adolescents in ABPM- hypertension groups had higher BMI-standard
deviation score (SDS), leucocyte, platelet count; but lower serum chloride, compared to the normal blood pressure
profile group. The percentage of adolescents with detectable urinary mono-benzyl phthalate (MBzP) was higher in
ABPM-hypertension (42.1%) and WCHT groups (33.3%), compared to the normal blood pressure profile group (5.9%,
p=0.004). Associations between MBzP and ABPM- hypertension and WCHT were remained after confounding factor
adjustment. Adolescents with detectable MBzP levels had also higher “albumin-corrected calcium”and lower serum
phosphate and “albumin-corrected calcium x phosphate product” compared to others. Adolescents with detect-
able urinary MBzP levels had higher blood pressure profiles in some 24-h (mean arterial pressure-SDS, systolic blood
pressure-SDS), daytime (systolic blood pressure-SDS), and night-time (mean arterial pressure-SDS, systolic blood
pressure-SDS, and diastolic blood pressure-SDS) measurements, compared to others. WCHT was found to be associ-
ated negatively with monomethyl phthalate and the sum of dibuty! phthalate metabolites and ABPM-HT with MCPP.
There was no significant association between blood pressure profiles and free- and total-BPA status.

Conclusion: MBzP was associated with adverse blood pressure profiles in adolescence. Additive follow-up studies
are necessary for cause-effect relations.
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intima-media thickness, Ambulatory blood pressure monitoring, Nocturnal hypertension

Introduction
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hemodynamic and metabolic changes in the body
related to inadequate or excessive micro- and macronu-
trient intake and exposure to pollutants in addition to
obesity, race/ethnicity, physical inactivity, and poor sleep
quality [2-7].

Calcium, phosphate, magnesium, sodium, potassium,
and chloride have crucial roles in patients with various
diseases, and even in the general population [7-10]. High
serum calcium level was reported to be associated with
metabolic syndrome, diabetes, and HT among adults
from Taiwan [8]. Low serum phosphate has been shown
to be related with metabolic syndrome, HT, increased
sympathoadrenal activity [11, 12]. However, controversial
results were reported in serum chloride levels [10, 13].

Phthalates, one of the man-made pollutants, are envi-
ronmental chemicals that are widely used in consumer
goods and personal care products today. Since these sub-
stances are not covalently bonded to the polymer, they
can affect the environment and people by mixing with
the atmosphere, food product, or directly into body fluids
in various ways [14]. Phthalates may have toxic effects on
the immunological, endocrine, cardiovascular systems,
renal functions, and development [2, 15-19]. Although
there are studies on the relationship between phthalate
metabolites and blood pressure, very few of them have
been done in children [2, 20, 21]. However, the studies in
children did not evaluate the relationship between phtha-
lates and changes in 24-h blood pressure up to now.

Since bisphenol A (BPA) is widely used in the manufac-
ture of polycarbonate plastics, epoxy resins and thermal
paper, it is found in many products such as plastic bags,
water bottles, toothpastes, electronic equipment, paper
and toys [22]. In addition to BPA being one of the endo-
crine disruptors, studies are showing its hepatotoxic,
immunotoxic, obesity-forming, and carcinogenic effects
[19, 23]. The results of the few studies conducted in the
pediatric age group on the relationship of BPA with car-
diovascular diseases are inconsistent [24—27].

Previous studies evaluated the effects of pollutants
such as BPA and phthalates on the cardiovascular system
or kidney diseases, regardless of the micronutrient bal-
ances of the cases [2, 16—18, 20]. However, there might
be an interaction between the level and metabolism of
pollutant exposure and micronutrient status [28-31].
There is no study examining the influence of exposure to
BPA and phthalates and essential electrolyte balance on
blood pressure, simultaneously. In addition, the interac-
tion between free-BPA and blood pressure is unknown.

Most studies about HT were performed by office blood
pressure measurement. However, ambulatory blood pres-
sure monitoring (ABPM) has a higher reproducibility and
a better correlation with end-organ damage, compared
to office blood pressure [32]. Therefore, ABPM provides
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a better assessment of blood pressure with a studied
subject.

We aimed to investigate how serum electrolytes and
urinary levels of 14 phthalate metabolites and BPA,
including free and total are associated with (a) blood
pressure profiles [white-coat HT (WCHT), HT, sus-
tained, daytime, night-time], and (b) carotid intima-
media thickness (cIMT) in a group of asymptomatic
adolescents who are not on antihypertensive medication.
Understanding the relation between serum electrolytes,
pollutants and blood pressure may be important to define
risk groups for HT and to take preventive measures. The
detection of possible associations for HT and manage-
ment of these factors during childhood period could be
important to prevent cardiovascular disease in adoles-
cents and adults.

Methods

The target population of the study was adolescents aged
12-15years who were evaluated in the Child Health
Checkup Study (CHCS) at the Haci Sabanci Secondary
School and Ticaret Odast Secondary School between
December 2017 and March 2018. Adolescents who
were newly diagnosed with HT in CHCS and following
healthy growing age-appropriate (+1years) adolescents
were enrolled for the study. Exclusion criteria included
any cardiac, renal or endocrine disorders, and taking any
medicine that can alter blood pressure.

The study protocol was approved by the Provincial
Directorate of National Education and Hacettepe Uni-
versity Ethics Committee (GO:16/582). Written informed
consent was obtained from the participating children and
their families before enrollment in the study.

All participants’ physical examinations including
office blood pressure and anthropometric measure-
ments (height and weight) were taken as part of the
CHCS. With the WHO-Anthro Plus database, standard
deviation scores (SDS) of height and body mass index
(BMI) were estimated [33]. Obesity was defined as BMI-
SDS>2. Office- blood pressure measurements were
taken with an electronic blood pressure monitor (Omron
MIT Elite plus, Dalian, China). During the measurement,
the adolescents sit on their backs and put their feet on the
ground at a 90-degree angle for 5min, and the arm was
supported at heart level. Two measurements were taken
one week apart, and adolescents with systolic blood pres-
sure and/or diastolic blood pressure persistently equal
to or greater than 95th percentile (based on age, sex,
and height percentiles published by the AAP) [34] were
defined as office-HT. After each case with office-HT, one
adolescent having normal blood pressure on two meas-
urements was considered for control cases.
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Cases with high blood pressure and control cases were
called to the hospital for further evaluation. From ado-
lescents admitted to hospital, age, sex, history of dis-
eases and medication usage, and parental age and HT
were taken with a questionnaire. Then, venous blood and
urine samples were taken on admission to the hospital,
and 24-h ABPM and ultrasonography for cIMT were per-
formed the next day.

A venous blood sample was taken into EDTA contain-
ing tube for complete blood count [hemoglobin, white
blood cell (WBC), platelets] and plain tube for protein,
albumin, urea nitrogen, creatinine, sodium, potassium,
chloride, calcium, magnesium. Then, urine samples
were taken into glass containers and divided into two
10-mL aliquots into amber glass vials and tops packed
with aluminum foil; and one stored at —20°C until
analyses for phthalates metabolites and BPA levels. The
second aliquot was used for urinary creatinine, albumin,
protein, and beta-2 microglobulin. Laboratory analyses
were performed at a reference laboratory with appropri-
ate Kkits.

Albumin-corrected calcium (ACCa) was defined as the
formula given below.

ACCa = total calcium <%> + [4.0 — serum albumin (%)] X 0.8

Urinary albumin, protein, and beta-2 microglobulin
levels were adjusted for urinary creatinine. Estimated
glomerular filtration rate (eGFR) was calculated with
Schwartz formula [35].

Ambulatory blood pressure monitoring (ABPM)

ABPM measurements were made from the patient’s non-
dominant arm with the cuff of the appropriate size and
the Spacelabs Monitor 90,207 device (Spacelabs Health-
care, Snoqualmie, Washington, USA). Measurements
were made every 15-20min during the waking period
and 30min during the sleep period; ABPM data were
evaluated with a measurement time of at least 18 h with-
out interruption; at least 20 measurements during wake-
fulness and at least 7 measurements during sleep; at least
one measurement was made per hour, including the sleep
period [36, 37]. SDS for systolic blood pressure, diastolic
blood pressure and mean arterial pressure (MAP) were
estimated with LMS values according to age, height, and
gender [38].

Definitions of ABPM profiles including normal ABPM
profile, ABPM-HT, WCHT, masked HT and dipping were
given in Fig. 1. ABPM profiles were further evaluated for
the presence of daytime (from 08.00am to 08.00pm),
night-time (from midnight to 06:00am), and sustained
HT (Fig. 1) [38, 39].
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Carotid intima-media thickness (cIMT)

Ultrasound examination for cIMT measurement was per-
formed with an Affiniti 70G ultrasound system (Philips
Medical Systems, Holland) using 5-18 MHz linear probe
according to Mannheim consensus [40]. Five measure-
ments were taken and the average was converted to SDS
values using standard LMS values for gender and height
[41].

Bisphenol A (BPA)

Free BPA (fBPA) and total BPA (tBPA) levels were meas-
ured using the MyBioSource Human fBPA ELISA kit (Cat
no: MBS047388, Southern California, SanDiego) and the
Human tBPA ELISA Kit (Cat no: MBS109499) by the
user manual.

Analysis of phthalate metabolites

Of phthalates, 14 metabolites [mono-n-butyl phtha-
late (MnBP), mono-benzyl phthalate (MBzP), mono-
carboxy isononyl phthalate (MCiNP), mono carboxy
isooctyl phthalate (MCiOP), mono 3-carboxypropyl
phthalate (MCPP), mono 2-carboxymethylhexyl phtha-
late (MCMHP), mono 2-ethyl-5-carboxypentyl phtha-
late (MECPP), mono 2-ethylhexyl phthalic acid (MEHP),
mono 2-ethyl 5-hydroxyhexyl phthalate (MEHHP),
mono 2-ethyl-5-oxy-hexyl phthalate (MEOHP), monoe-
thyl phthalate (MEP), monoisobutyl phthalate (MiBP),
monoisononyl phthalate (MiNP), monomethyl phthalate
(MMP)] were explored in urine sample using the “Waters
ACQUITY UPLC-MS/MS System (Waters Acquity, the
United States/Milford)’ device using the Acquity UPLC
BEH Phenyl Column [42, 43] in Certificated Reference
Laboratory (Diizen Norwest Environmental Laboratory,
Ankara, Turkey). UPLC-MS/MS system was operated
under suitable conditions [the capillary voltage: 3kV,
desolvation temperature: 250°C, ion source temperature:
150°C, cone gas: 50L/h, desolvation gas flow: 600L/h]
according to the manufacturer’s instructions. Details on
the analytic methods for the phthalates have been previ-
ously [44]. Briefly, urine samples were processed using
enzymatic deconjugation and extracted, and analysis
was performed. The limit of detection (LOD) was below
0.3 ug/L for all studied metabolites (Suppl Table 1). Qual-
ity control (QC) samples were included in every 10 ana-
lyzed samples and each analytical run. Recovery rates for
phthalate biomarkers ranged from 90.0 to 112.8. Valida-
tion of results showed the high accuracy of the method
and given in Supplementary Table 1.

The determination of urinary creatinine (Cre) levels
was based on Jaffe’s colorimetric method with an auto-
matic biochemical analyzer to correct urine dilution
(Beckman Coulter ORS61780 21). The concentrations of
urinary phthalate metabolites and BPA were determined
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¢24-hour MAP less than 95th percentile.

ABPM-hypertension

®24-hour MAP at least 95th percentile

[Normal ABPM profile

White-coat hypertension

eoffice-HT (systolic BP and/or diastolic BP 295th
percentile), with normal ABPM profile.

Masked hypertension

eoffice BP <95th percentile, with ABPM-hypertension.

100 X (mean daytime measurement — mean night—time measurement)

Dipping

mean daytime measurements

Non-dipping MAP

edipping less than 10% for systolic BP, diastolic BP, and

edaytime systolic BP and/or diastolic BP 295th percentile.

Night-time hypertension

enight-time systolic BP and/or diastolic BP >95th
percentile.

Normal day and night ABPM profile

esystolic BP and diastolic BP <95th percentile during
daytime and night-time.

Sustained hypertension

esystolic BP and/or diastolic BP at 295th percentile during
daytime and night-time.

Isolated nocturnal hypertension
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enight-time HT, with systolic BP and diastolic BP <95th
percentile during daytime.

[Isolated daytime hypertension

edaytime HT, with systolic BP and diastolic BP <95th
percentile during night-time.
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Fig. 1 Definitions for ABPM profiles

as both unadjusted (crude; pg/L) and creatinine cor-
rected values (ug/g-cre).

YDEHP [the sum of di (2-ethylhexyl) phthalate (DEHP)
metabolites] was estimated by adding the molar concen-
trations of five metabolites: MEHP (MW =278), MEHHP
(MW =294), MEOHP (MW =292), MECPP (MW = 308)
and MCMHP (MW =308) and multiplied by the MW of
MECPP [44, 45]. The sum of the dibutyl phthalate (DBP)
metabolites (2DBP) was calculated by adding the molar
concentrations of two metabolites: MiBP and MnBP and
multiplied by the MW of MnBP [46].

Primary/secondary DEHP metabolites calculated by
dividing the molar concentration of MEHP by the sum of
MEHHP, MEOHP, MECPP, and MCMHP.

Statistical analysis

Detectable rates were fBPA 12.8, MBzP 24.4%, MEP
95.3%, MEHP 97.7%, MCINP 77.9%, MCPP 80.2%, MMP
89.5%, MiNP 11.6% (Supplementary Table 2). Parameters
having low detection ratios (<80%) were only compared
with the Chi-square test. Frequencies of cases having the
median levels or higher for metabolites in groups were
also compared.

The distribution of data in groups was evaluated with
Shapiro-Wilk, kurtosis, skewness, and histograms.
BPA and phthalate metabolites are skewed and com-
pared with the Mann Whitney U-test for two groups
and Kruskal-Wallis for three groups. Subgroup analy-
sis in three groups was performed with pairwise com-
parisons adjusted by Bonferroni correction. Parameters
with homogeneous distribution were compared with
the Student t-test or ANOVA as appropriate. Subgroup
analysis was performed with Duncan. All statistical anal-
yses were performed both with crude and creatinine-
adjusted phthalate concentrations. Data are presented as
%, or median (Q1-Q3) or mean and standard deviation
as appropriate. Urinary phthalate metabolites having p
value less than 0.20 in univariate analysis for ABPM pro-
files were taken for further analysis.

Multinominal logistic regression analyzed the differ-
ences in rates of selected urinary phthalate metabolites
having > median value or detectable levels among groups
of blood pressure profiles (WCHT vs. normal; ABPM
hypertension vs. normal) with four models. Model 0 was
crude model. Model 1 included adjustment for age, sex,
BMI-SDS. Model 2 included WBC, platelet, Cl, alb-adj-
CaXP, eGFR, U-cre in addition to Model 1. In addition
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to parameters of Model 2, Model 3 covered five phtha-
late metabolites having p value <0.2 for either WCHT or
ABPM hypertension in Model 2.

Logistic regression were used for the differences in
rates of urinary phthalate metabolites having > median
value or detectable levels among groups of “day or/and
night HT” vs normal profile with four models. Model 0
was crude model. Model 1 included adjustment for age,
sex, BMI-SDS and parental HT. Model 2 included plate-
let, eGFR, U-cre in addition to Model 1. Model 3 covered
phthalate metabolites having p value <0.2 with con-
founding factors in Model 2. Besides, cases were divided
into 4 groups according to MEP (> or<median value)
and MBzP (detectable or not) and association with day-
time and/or night-time HT were evaluated with logistic
regression.

The association of the rates of the high XDEHP metab-
olites with cIMT SDS higher than 95th percentile were
analyzed with logistic regression in crude model, after
adjustment for age, sex and BMI-SDS, and after control-
ling for age, sex, BMI-SDS, eGER, U-cre.

The Odds ratio (OR) and 95% confidence interval (CI)
were calculated for logistic regressions.

SPSS version 22 (SPSS, Inc., Chicago, USA) was used
for statistical analyses. P-values <0.05 were accepted as
statistically significant.

Results

After repeated office blood pressure measurements 57
adolescents with office HT and 46 adolescents with nor-
mal office blood pressure were admitted to the hospital
for further evaluation. Three had Hashimoto thyroidi-
tis, two did not give urine and four had no ABPM and
eight had attention deficit hyperactivity disorders and
they were excluded from the study. At the end, 48 ado-
lescents with office HT and 38 adolescents with normal
office blood pressure completed the study. Following
24-h ABPM, adolescents were classified as normal office
blood pressure and ABPM (normal blood pressure pro-
file, n=34), WCHT (n=33) and ABPM-HT (n=19).
Since the number of adolescents with masked-HT was
low, they were not analyzed separately and were included
in the ABPM-HT group; i.e. ABPM-HT included adoles-
cents with office and ABPM-HT (n#=15) and masked-HT
(n=4).

Clinical characteristics, laboratory findings, and dis-
tribution of urinary BPA and phthalate metabolites
according to blood pressure groups based on office
blood pressure and ABPM are shown in Table 1. The
groups were comparable for age, sex, and height-SDS.
Adolescents in the ABPM-HT group had higher BMI-
SDS, WBC, platelet count; but lower serum chloride,
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compared to the normal blood pressure profile group.
In addition, adolescents with WCHT had lower WBC,
platelet count, calcium, ACCa levels, compared to
ABPM-HT group; with lower chloride and ACCa-phos-
phate product, compared to the normal blood pressure
profile group. Carotid IMT-SDS was higher in WCHT,
compared to the normal blood pressure profile group;
but the difference between the ABPM-HT and the nor-
mal blood pressure profile group did not reach to statisti-
cal significance.

On the other hand, WBC and platelet count in both
normal blood pressure profile and WCHT groups were
remained to be significantly lower than that the ABPM-
HT group when controlled for BMI-SDS (for WBC count,
mean+SEM=7.3+04, 7.440.4, 9.040.5x 10>/mm?,
respectively, p=0.011 and for platelet count, 281+9,
264+9, 308 4 13 x 103/mm?, respectively, p =0.023).

The differences for urinary levels of tBPA and other
phthalate metabolites according to blood pressure groups
did not reach to statistical significance (Table 2). The per-
centage of fBPA equal to or greater than detectable level
was slightly higher in ABPM-HT (15.8%) and WCHT
groups (21.2%), compared to the normal blood pressure
profile group (3.0%, p =0.081).

The percentage of adolescents with urinary MBzP
above detectable level was higher in ABPM-HT (42.1%)
and WCHT groups (33.3%), compared to the normal
blood pressure profile group (5.9%, p =0.004).

The percentage of adolescents having XDBP metabo-
lites >40 pg/L, was lower in WCHT groups (30.3%), com-
pared to the normal blood pressure profile group (73.5%,
p=0.004).

Multinominal logistic regression revealed that high
MCPP, XDBP, and MMP metabolites showed negative
association with WCHT, whereas, high MEHHP and
detectable MBzP had positive association with WCHT
following adjustment for age, sex, BMI-SDS, WBC, chlo-
ride, ACCa, and phosphate levels (Model 2). When these
five metabolites (MCPP, XDBP metabolites, MEHHP,
MBzP, and MMP) were included in analysis, this correla-
tion for WCHT persisted only for detectable MBzP (OR
33.5;95% CI 2.1-539.6), ZDBP metabolites (OR 0.06; 95%
CI 0.01-0.38), and MMP (OR 0.17; 95% CI 0.03-0.86).
MCPP and MEHHP did not remain in the final model.
There was a negative association between high MCPP
and ABPM-HT, whereas, positive association between
detectable MBzP and ABPM-HT in model 2 and model
3 (Table 3).

Overall, 61 adolescents (70.9%) had normal daytime
and night-time blood pressure, 13 (15.1%) had daytime or
night-time HT and 12 (14.0%) had sustained HT (i.e. day-
time and night-time HT). Adolescents with sustained HT
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Table 1 Clinical characteristics and laboratory findings of adolescents according to blood pressure groups based on office and
ambulatory blood pressure monitoring

Parameters Blood pressure groups p ABPM groups P
Normal BP WCHT (N=33) ABPM-HT Normal day- Daytime or Sustained
profile (N=34) (N=19) time and night- night-time HT (daytime and
timeBP (N=61) (N=13) night-time) HT
(N=12)

Clinical characteristics

Female/male, ~ 44.1/55.9 54.5/45.5 526/474 0672 42.5/475 61.5/38.5 250/75.0 0147
% / %

Age (years) 133407 1344107 132408 0.772 133+£0.7 134+07 13.14+£09 0.495

Height-SDS 039+1.19 0.73+£0.381 0.64+0.74 0344 0.5241.06 0.75+0.71 0.67+£0.76 0.692

BMI-SDS 0514129 1.0241.12% 14541.10° 0019 0651222 1374£082% 1.764£1.17° 0.005

Obesity, % 14.7 24.2 316 0340 164 30.8 417 0.111
Parental characteristics

Mother’s age 412+6.7 404463 404+43 0.865 40.7+£6.1 423+73 393+42 0478
(years)

Father's age 455+7.2 46.6+7.6 421+£39 0088 451+7.2 483162 420+£49 0.084
(years)

Parental hyper- 11.8 24.2 316 0.197 148° 23.1%0 50.0° 0.023
tension, %
Laboratory findings

Hemoglobin 142+1.1 142409 139+10 0572 141+£10 142+13 140409 0.887
(g/dl)

White blood 71+£18° 74418° 92429° 0.002 73420 87+£30 83£19 0.073
cell (x10°/mm?3)

Platelets (x10%/ 272444° 267 +65° 318+67° 0006 27158 287 +66° 320460 0036
mm>)

Serum protein  7.5+£04 77+£04 78105 0051 76404 7603 78+05 0.336
(g/dl)

Serum albumin  4.6+0.3 46+03 47403 0792 46403 47403 47403 0.370
(g/dl)

Serum globulin 29403 30+£02 3.1+£05 0.104 30403 28+02 30£04 0.246
(g/dl)

Blood urea 118428 10.5+26 112431 0.195 109428 126433 11.0+24 0.163
nitrogen (mg/dl)

Creatinine 056+0.11 0.59+£0.11 0.53+0.08 0.127 0574011 0.58+0.12 0.55+0.07 0.787
(mgydl)

eGFR 12144198 117.34£190 1280£195 0.165 121.14+20.1 121.64+24.0 12214121 0.986
[Schwartz] (ml/
min/1.73m?)

Uricacid (mg/  50+£1.2 52+1.1 53+£1.1 0564 50412 50£10 56+£09 0.219
dl)

Sodium 1394+£10 1388+£18 1384+£15 0.066 1390415 1392+£12 1382+£16 0.162
(mEg/L)

Potassium 43402 414£03 42403 0078 42403 42402 43403 0.384
(mEq/L)

Chloride 105041.8° 103.8+2.0° 103.54+2.2° 0016 1045419 103.7+17 1033£26 0.106
(mEg/L)

Calcium (mg/ 994 04% 9.740.3° 10.0+£0.4° 0.026 98+04 10.0£03 10004 0.106
dl)

ACCa (mg/dl) 94403% 9.240.3° 95403 0.015 93+£03 94403 94404 0.319

Phosphate 46406 43£06 42406 0.051 44406 43406 43406 0.759
(mgrdl)

ACCa-phos- 43.04+£6.0° 39.5+5.8° 40058 0.045 412+6.1 40.8+5.3 404+68 0.925

phate product
(mg?/dl?)
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Table 1 (continued)
Parameters Blood pressure groups p ABPM groups P
Normal BP WCHT (N=33) ABPM-HT Normal day- Daytime or Sustained
profile (N=34) (N=19) time and night- night-time HT (daytime and
timeBP (N=61) (N=13) night-time) HT
(N=12)
ACCa-phos- 2.01(1.86-2.30) 2.14(1.94-2.39) 2.25(2.01-2.49) 0.069 2.10(1.90-2.36) 2.12(1.96-2.38) 2.19(1.93-2.53) 0.661
phate ratio (mg/
mg)
Magnesium 207+0.12 2044+0.16 1.994+0.16 0297 2054+0.14 201+0.17 203+0.13 0.752
(mg/dl) (h=31) (n=24) n=12)
UPCR (mg/mg) 0.09 (0.07-0.12) 0.08 (0.07-0.11)  0.08(0.07-0.10) 0450 0.8(0.07-0.11)  0.08(0.06-0.11)  0.09 (0.07-0.12) ~ 0.933
UACR (mg/q) 7.0(3.2-184) 6.0 (4.6-15.5) 7.6 (5.2-14.6) 0.951 7.1(4.0-15.8) 6.1 (3.5-14.3) 6.9 (4.8-26.9) 0.751
UBCR (ug/g) 57.7 (25.8-73.8) 585 (19.6-89.1) 434 (21.7-60.1) 0430 57.9(21.2-74.6) 65.8(32.9-93.7) 422 (18.9-59.8) 0.376
Carotid IMT- 0.84+1.26" 17341.10° 1.4340.95% 0008 1264127 1.67+£0.99 1.16+0.92 0.499
SDS
Carotid 242 53.1 389 0.057 383 385 40.0 0.995
IMT-SDS >95

percentile, %

Data are presented as % or mean = standard deviation or median (Q1-Q3) as appropriate

2 Values having different letter were statistically significant

ABPM ambulatory blood pressure monitoring, ACCa albumin-corrected calcium, BMI body mass index, BP blood pressure, eGFR estimated glomerular filtration rate,
HT hypertension, IMT intima media thickness, SDS standard deviation score, UACR urinary albumin to creatinine ratio, UBCR urinary beta-2 microglobulin to creatinine

ratio, UPCR urinary protein to creatinine ratio, WCHT white coat hypertension

had higher BMI-SDS and counts of platelets, compared
to those with normal daytime and night-time blood pres-
sure (p=0.005 and p=0.036, respectively; Table 1).

The percentage of adolescents with urinary MBzP equal
to or greater than detectable level was higher in sustained
HT (50.0%) and daytime or night time HT group (46.2%),
compared to normal daytime and night-time blood pres-
sure group (14.8%, p=0.005, Table 2).

Urinary MBzP equal to or greater than detectable
level was a risk factor for daytime and/or night-time HT
(OR 5.3; 95% CI 1.8-15.3), compared to normal day-
time and night-time blood pressure (Supplementary
Table 3). This correlation persisted in all models (Sup-
plementary Table 3). Following adjustment for age, sex,
BMI-SDS, parental hypertension, platelet. eGFR, urinary
creatinine, and selected three urinary phthalate metabo-
lites (MEHHP, MBzP, MEP) adolescents having high
MEP levels (>20ug/L) had increased Odds for “day-time
and/or night-time HT” (OR 3.37, 95% CI 0.98-11.64),
compared to “normal day-time and night-time blood
pressure” (Supplementary Table 3). In a model combin-
ing MBzP and MEP groups; compared to low MEP with
undetectable MBzP levels, adolescents having high MEP
and detectable MBzP levels (OR 19.14) and those having
low MEP and detectable MBzP levels (OR 10.84) had the
highest risks for “day-time and/or night-time HT” (Fig. 2).

Urinary MBzP was equal to or greater than detect-
able level in 21 adolescents; adolescents in this group
had higher percentage of parental HT (42.9% vs.

13.8%, p=0.011), ACCa to phosphate ratio (2.34+0.4
vs. 2.1+£0.3, p=0.048), and lower serum phosphate
(42£0.6 vs. 45+0.6, p=0.039) and ACCa x phos-
phate product (38.6 £6.0 vs. 41.8+5.9, p=0.037), com-
pared to group with urinary MBzP below detectable level
(Table 4). The differences for other clinical parameters,
complete blood count, and serum and urine biochemis-
try did not reach to statistical significance.

Adolescents with urinary MBzP equal to or greater
than detectable level had higher 24-h MAP-SDS, 24-h
systolic blood pressure-SDS, daytime systolic blood
pressure-SDS, night-time MAP-SDS, night-time systolic
blood pressure-SDS, and night-time diastolic blood pres-
sure-SDS (Table 5), compared to counterparts.

From 83 adolescents, cIMT was measured, cIMT-SDS
was equal to or greater than the 95th percentile in 32
adolescents (38.6%). There was no association between
clinical characteristics and cIMT (Table 6). Adolescents
having cIMT-SDS >95th percentile showed higher fre-
quencies of 2DEHP metabolites >100 pg/L compared to
the adolescents with normal cIMT (Table 7). The correla-
tion was not changed following adjustment for age, sex,
BMI-SDS, eGFR and U-cre (OR 3.05; %95 CI 1.16-8.02,
Supplementary Table 4).

Discussion

Our study indicates differences for BMI-SDS, WBC,
platelet count, serum calcium, ACCa, phosphate levels,
ACCa-phosphate product, and ACCa to phosphate ratio
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Table 2 Levels of urinary bisphenol A (BPA) and phthalate metabolites (uncorrected and corrected for urinary creatinine) of
adolescents according to blood pressure groups

Parameters Blood pressure groups p ABPM groups
Normal BP WCHT ABPM-HT Normal day- Daytime or Sustained p
profile time and night- night-time HT (daytime and
time BP night-time)
HT
n 34 33 19 61 13 12
Total BPA ug/g-cre 79 (46-161) 115(68-153) 88 (49-122) 0397 85(53-156) 123 (82-192) 92 (44-127) 0410
ug/L 125 (83-185) 142 (119-189) 169 (87-182) 0.600 128 (85-176) 160 (125-203) 165 (88-203) 0.273
Free BPA >DL, % 30 212 15.8 0.081 131 7.7 16.7 0.790
High molecular weight phthalate metabolites
MCINP >DL, % 91.0° 75.8% 57.9° 0018 85.2° 46.2° 75.0% 0.008
ug/g-cre 0.66 (0.50- 047 043 (<DL-1.15) 0.199 062 (042-091) <DL (<DL-0.93) 0.65 (0.06-1.70) 0.176
1.00) (0.05-0.85)
pg/L 1.08 (0.70- 0.79 086 (<DL-1.83) 0.126 087 (043-141) <DL (<DL-0.97) 1.09(0.19-2.04) 0.115
1.49) (0.05-1.10)
>09pug/L 588 364 474 0.184 492 30.8 583 0351
MCPP >DL, % 70.6 879 84.2 0183 770 923 83.3 0437
ug/g-cre 0.55 (<DL-0.84) 0.30 0.25(0.11-0.40) 0223 0.34(0.12-0.73)  035(0.21-0.53) 0.31(0.11-0.83) 0.993
(0.17-0.57)
pg/L 0.72 (<DL-1.22) 0.35(0.26- 0.32(0.26-0.70) 0.150 049 (0.24-1.14) 043 (0.29-0.65) 0.61 (0.29-1.30) 0.608
0.63)
>0.5pug/L 70.6% 36.4° 36.8° 0.009 49.2 46.2 583 0.808
MCiOP ug/g-cre 1.8(1.1-3.2) 20(1.1-3.1)  14(08-3.7) 0776 1.8(1.1-2.9) 2.0(1.0-34) 1.7 (0.8-6.0) 0953
ug/L 2501.7-4.7) 2.5(1.2-4.5) 24(1.5-47) 0.860 24(1.5-4.2) 29(1.4-4.7) 32(1.7-7.6) 0.667
MiINP >DL, % 147 9.1 10.5 0752 148 0.0 83 0.299
MEHP >DL, % 100.0 97.0 94.7 0449 984 100.0 91.7 0310
ug/g-cre 4.7 (24-8.0) 44 (24-86) 39 (2.5-6.5) 0732 43(24-82) 49(3.1-6.3) 35(5-66) 0.758
pg/L 57(38-112) 6.1(40-88) 58(2.9-98) 0.747 6.1 (3.6-9.3) 58 (4.1-7.5) 573.1-115) 0831
MEHHP ug/g-cre 354 (22.2- 40.5 425 (204-53.0) 0568 358(21.4-524) 47.1 (314-64.6) 47.0(22.5-58.5) 0.265
532) (22.4-68.2)
pg/L 459 (31.0- 557 56.1 (28.0-92.6) 0.740 46.2(284-724) 59.5(32.6-99.3) 79.7 (32.2— 0.168
71.1) (31.8-90.5) 101.5)
>50pug/L 441 60.6 526 0401 459 69.2 66.7 0.175
MECPP ug/g-cre 9.6 (64-15.1) 1.2 114(54-193) 0582 99(64-16.2) 120(54-179) 155(5.7-24.1) 0650
(6.6-20.0)
pg/L 149(9.5-19.3) 176 12.1(8.1-29.8) 0905 15.0(8.3-21.6) 163 (84-22.5) 255(9.1-35.1) 0.287
(7.3_25.6)
MEOHP ug/g-cre 8.0(6.0-126) 82(52-11.2) 93(24-104) 0712 78(53-114) 9.3(5.9-10.3) 9.9 (3.1-16.1) 0.808
pa/L 113(9.2-17.3) 10.7 7.6(3.9-189) 0334 106 (6.7-16.2) 10.7 (74-174) 127 (46-336) 0.759
(5.7-16.0)
MCMHP ug/g-cre 45(3.0-6.2) 4.1 (24-74) 3.6 (24-64) 0526 44(2.8-64) 4.0 (2.8-7.0) 4.7 (25-8.1) 0919
pg/L 6.3 (4.7-9.6) 6.2 (3.4-94) 55(25-9.3) 0513 6.0(39-8.1) 5.7 (33-94) 8.8(3.9-13.1) 0.491
>DEHP ug/g-cre 69 (43-98) 69 (50-116) 77 (34-102) 0.758 69 (43-96) 92 (56-111) 83 (37-112) 0.509
metabolites
pg/L 87 (61-124) 102 (60-154) 90 (50-171) 0817 89(59-133) 102 (64-157) 138 (55-191) 0336
Primary/sec- ratio 8.1(47-117) 6.7(46-104) 6.7 (4.6-8.0) 0472 76(4.7-11.9) 6.7 (4.4-8.3) 52(4.3-7.7) 0118
ondary DEHP
>6.9 588 455 42.1 0406 557 46.2 25.0 0.144
Low molecular weight phthalate metabolites
MBzP >DL, % 59° 333° 42.1° 0004 148° 46.2° 50.0° 0.005
MnBP pg/g-cre 156 (11.5- 121 15.0(84-253) 0218 134(100-21.2) 180 (11.2-26.7) 133(75-312) 0.748
21.9) (7.7-21.7)
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Table 2 (continued)
Parameters Blood pressure groups p ABPM groups
Normal BP WCHT ABPM-HT Normal day- Daytime or Sustained p
profile time and night- night-time HT (daytime and
time BP night-time)
HT
pa/L 264 (18.7- 15.1 20.6 (15.7— 0.003 20.0(13.9-29.2) 18.8 (15.0-353) 22.1(5.9-484) 0.488
32.8)° (111205 364)®
>20ug/L, % 70.6° 2730 526 0.002 492 46.2 583 0.808
MiBP Hg/g-cre 15.6 (10.6— 132 16.8(89-27.7) 0.733 14.9(10.2-234) 14.1(124-27.2) 156(9.8-329) 0.777
25.8) (9.5-22.1)
ug/L 254 (17.5- 16.1 209 (17.5- 0.012 19.9(15.5-30.5) 21.0(15.9-34.4) 25.5(183-51.4) 0.190
35.1)° (14.1-216)°  493)®
>20ug/L, % 70.6% 30.3° 57.9% 0.004 492 61.5 583 0.651
>DBP metabo-  ug/g-cre 31(23-47) 26 (18-43) 32 (18-53) 0442 28 (20-46) 37 (24-52) 29 (17-64) 0.731
lites
ug/L 52 (36-66)° 31 (27-41)° 46 (35-84)% 0.004 40 (29-59) 40 (31-65) 48 (35-99) 0328
>40ug/L, % 73.5° 30.3° 526 0.002 508 538 583 0:886
MEP >DL, % 97.1 939 94.7 0.824 951 923 100 0.648
ug/g-cre 126 (5.5-409) 104 230(6.1-858) 0223 93(4.3-315) 23.1(10.5- 242 (64-80.1)  0.060
(3.2-315) 114.1)
ug/L 21.8(9.0-435) 162 357 (12.5- 0122 162(63-37.9° 27.2(13.9- 442 (13.1- 0.036
(3.9-386) 1236) 1182 131.3)
>20ug/L, % 559 394 63.2 0199 459 61.5 66.7 0.303
MMP >DL, % 88.2 879 94.7 0.702 869 100.0 91.7 0.362
ug/g-cre 2.5(14-48) 1.1(03-42) 15(0.5-6.1) 0209 1.8(0.5-4.8) 24(1.1-47) 1.5(0.6-7.8) 0.785
ug/L 3.6 (1.7-6.9) 1.5(04-54) 2.7 (1.1-84) 0.118 24(1.0-64) 2.8 (1.0-6.8) 24(1.2-11.5) 0.892
>26ug/L,% 61.8 364 526 0111 475 615 50.0 0.657

2 values having different letter were statistically significant
Data are presented as median (Q1-Q3), %

ABPM ambulatory blood pressure monitoring, BP blood pressure, BPA bisphenol A, cre creatinine, DL detectable level, HT hypertension, WCHT white coat hypertension,
MnBP mono-n-butyl phthalate, MBzP mono-benzyl phthalate, MCiNP monocarboxy isononyl phthalate, MCiOP mono carboxy isooctyl phthalate, MCMHP mono
2-carboxymethylhexyl phthalate, MCPP mono 3-carboxypropyl phthalate, MECPP mono 2-ethyl-5-carboxypentyl phthalate, MEHHP mono 2-ethyl 5-hydroxyhexyl
phthalate, MEHP mono 2-ethylhexyl phthalic acid, MEOHP mono 2-ethyl-5-oxy-hexyl phthalate, MEP monoethyl phthalate, MiBP monoisobutyl phthalate, MiNP
monoisononyl phthalate, MMP monomethyl phthalate, SDBP metabolites sum of dibutyl phthalate metabolites, ZDEHP metabolites sum of di (2-ethylhexyl) phthalate

metabolites

when the adolescents were grouped according to blood
pressure profile groups. Moreover, urinary MBzP above
detectable level was identified as an independent risk fac-
tor for ABPM-HT and WCHT following adjustment for
age, sex, BMI-SDS, WBC, chloride, ACCa, and phosphate
levels; and for daytime or night-time HT and sustained
HT following adjustment for age, sex, and BMI-SDS.

Serum electrolytes and blood pressure

Early studies showed that chloride, rather than sodium,
may be crucial for HT [13]. In a study by Kurtz and Mor-
ris, salt-sensitive HT was induced by a high NaCl diet;
but a non-chloride diet with similar Na loading failed
to induce HT [47]. Wilcox had previously shown that
hyperchloremia induced renal vasoconstriction [13].
In contrast to these findings, a recent study showed
a J-shaped association of chloride with mortality and

cardiovascular events; the lowest chloride quartile
(<103.9mEq/L) had significantly higher all-cause mor-
tality in a group of pre-dialysis patients (median chlo-
ride was 106.0mEq/L) [10]. In parallel to their finding,
in our study, serum chloride level was lower in WCHT
(103.8£2.0) and ABPM-HT group (103.5+2.2), com-
pared to normal blood pressure group (105.0+1.8).
Several mechanisms may have a role in the association
between low chloride and HT: a) a decrease in NaCl con-
centration in the macula densa of the kidneys increases
renin secretion and results in the activation of the renin-
angiotensin system and retention of sodium and water
[48]; b) low chloride may cause inflammation, the high-
est CRP level was reported in these cases [10]. Addition-
ally, similar to the previous studies [49-52], our results
revealed associations between high blood pressure and
elevated WBC count and platelet count even after con-
trolling BMI-SDS. Platelets are known to have important
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to urinary MEP and MBzP levels
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Fig. 2 Odds ratios for day-time and/or night-time HT diagnosed by ABPM compared to “normal day-time and night-time blood pressure’, according

inflammatory functions [53]. Considering that HT is an
inflammatory process [6], it was not unexpected that
both WBC and platelet counts increased in hypertensive
patients compared to those with normal blood pressure.
In parallel with our finding, a study conducted with chil-
dren showed that WBC count was higher in hypertensive
patients, regardless of dipping status [50]. In two other
studies in adults, it was stated that the WBC count was
higher in hypertensive patients and could be used as a
risk factor for HT [51, 52].

Serum calcium and ACCa were both higher in the
ABPM-HT group, compared to WCHT. Although it
did not reach to statistical significance, serum phos-
phate was lowest in the ABPM-HT group; and lower
in WCHT, compared to normal blood pressure group.
This trend reflected as higher ACCa to phosphate ratio
in the ABPM-HT group and lower ACCa-phosphate
product in WCHT, compared to normal blood pressure
group. Previous studies have revealed different results
for a correlation between serum calcium and HT. In
a study by Hazari et al., where the variables were not
adjusted by age, BMI, total cholesterol, triglycerides,

serum calcium had no effect on HT [54]. But, cross-
sectional studies in adult populations from Norway
[55] and United States [56], and a recent longitudinal
study from Taiwan [8] indicated a positive correlation
between serum calcium and HT. The study from Tai-
wan showed also the association of higher serum cal-
cium levels with metabolic syndrome and diabetes [8].
Calcium may lead to the development of HT by differ-
ent mechanisms: a) influx of calcium into the smooth
muscle of the artery leading to muscle contracture and
increase in vascular resistance, b) positive correlation
between calcium and cholesterol [55], ¢) correlation
between calcium and PTH may lead to the produc-
tion of collagen by aortic vascular smooth muscle cells
and thickening of vascular wall [57]. Low phosphate,
on the other hand, is related to HT, metabolic syn-
drome, and increased sympathoadrenal activity [11,
12]. Serum phosphate was found to be inversely related
to blood pressure in normotensive individuals and to
be lowest in hypertensive patients [9, 58]. In a study
conducted by Vyssoulis, among 2600 adult patients
with WCHT, decreased levels of serum phosphate
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Table 4 Clinical characteristics and laboratory findings of adolescents according to urinary mono-benzyl phthalate (MBzP) level

Parameters MBzP groups P
< Detectable level (N=65) > Detectable level (N=21)

Age (years) 13.240.7 135409 0.097
Female/male, % / % 53.8/46.2 38.1/61.9 0.209
Height-SDS 05+10 07+08 0.368
BMI-SDS 08+£12 12412 0.266
Obesity, % 20.0 286 0.545
Parental hypertension, % 13.8 429 0.011
Carotid IMT-SDS 0.51£050 048+0.51 0.805
Hemoglobin (g/dl) 140409 145+12 0.070
White blood cell (x 10%/mm?) 77424 7716 0.947
Platelets (x 10%/mm?) 277463 289454 0448
Serum protein (g/dl) 76104 77+£04 0.366
Serum albumin (g/dl) 46403 48403 0.046
Serum globulin (g/dl) 30+03 29403 0373
Blood urea nitrogen (mg/dl) 111428 114428 0.721
Creatinine (mg/dl) 06+0.1 0.6+0.1 0.124
Uric acid (mg/dl) 50£12 54+1.1 0.208
Sodium (mEg/L) 139.0£15 1385+15 0.164
Potassium (mEg/L) 42403 43403 0.607
Chloride (mEg/L) 1044+£19 103.7£23 0.186
Calcium (mg/dl) 98+04 99+04 0.543
ACCa (mg/dl) 93+£03 93+£03 0453
Phosphate (mg/dl) 45+06 42+06 0.049
ACCa-phosphate product (mg?/dI?) 418459 386460 0.037
ACCa-phosphate ratio (mg/mg) 2.10(1.91-2.35) 2.15(1.96-2.56) 0.118
Magnesium (mg/dl) 2.04+£0.14 (N=51) 205+£0.15(N=16) 0.731
Urinary creatinine (mg/dl) 154.8+65.2 161.5£81.6 0.705
UPCR (mg/mag) 0.08 (0.07-0.11) 0.09 (0.07-0.12) 0.633
UACR (mg/g) 6.7 (4.3-15.3) 7.5(3.9-204) 0.608
UBCR (ug/g) 47.6(22.9-71.8) 63.9 (24.5-106.9) 0.181

Data are presented as % or mean =+ standard deviation or median (Q1-Q3) as appropriate

ACCa albumin-corrected calcium, BMI/ body mass index, IMT intima media thickness, SDS standard deviation score, UACR urinary albumin to creatinine ratio, UBCR
urinary beta-2 microglobulin to creatinine ratio, UPCR urinary protein to creatinine ratio

and calcium-phosphate product were associated with
a higher incidence of a non-dipping nocturnal systolic
blood pressure and an impaired metabolic profile [59].
In patients with mild essential HT, low phosphate is
inversely related to sympathetic adrenal tone and may
be caused by increased plasma epinephrine within
pathophysiologic arterial concentrations [60]. Epineph-
rine leads to a shift of phosphate from the extracellu-
lar to the intracellular compartment [12]. We cannot
conclude, however, a definite cause-and-effect relation-
ship between low phosphate and HT with our study
design. Since the relationship between HT and low
levels of serum phosphate may be associated with an

unbalanced diet (low phosphate and high carbohydrate
consumption) [12].

Phthalate metabolites and blood pressure

The percentage of detection of MBzP, one of the phthalate
metabolites, in the urine was significantly higher in both
the WCHT group and the ABPM-HT group compared to
the normal blood pressure group. In addition, detectable
MBzP remained an independent predictor of either WCHT
or ABPM-hypertension. Studies evaluating the relationship
between urinary phthalates and blood pressure in chil-
dren and adolescents are limited and reported controver-
sial results. While an increased risk for blood pressure was
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Table 5 Comparison of ambulatory blood pressure monitoring parameters and carotid intima media thickness according to urinary

mono-benzyl phthalate (MBzP) level

Parameters MBzP groups p
< Detectable level (N=65) > Detectable level (N=21)
24-h MAP-SDS 0.7+09 1.2+10 0.021
>95 percentile, % 169 38.1 0.067
24-h Systolic BP-SDS 05+1.1 124+1.0 0.008
>95 percentile, % 138 238 0.315
24-h Diastolic BP-SDS 02+08 05£1.1 0.149
>95 percentile, % 46 19.0 0.057
24-h Systolic and/or Diastolic BP >95 percentile, % 16.9 333 0.129
Daytime MAP-SDS 05+09 1.0+1.1 0.056
>95 percentile, % 123 333 0.044
Daytime Systolic BP-SDS 04+10 1.1£11 0.010
>95 percentile, % 123 238 0.291
Daytime Diastolic BP-SDS 0.0+£09 03+£13 0.286
>95 percentile, % 46 238 0.019
Daytime Systolic and/or Diastolic BP >95 percentile, % 154 38.1 0.035
Night-time MAP-SDS 08+08 1.5+09 0.002
>95 percentile, % 10.8 524 <0.001
Night-time Systolic BP-SDS 06+09 14+£09 0.001
>95 percentile, % 123 429 0.004
Night-time Diastolic BP-SDS 04107 09+038 0.008
>95 percentile, % 3.1 239 0.009
Night-time Systolic and/or Diastolic BP >95 percentile, % 138 476 0.002
Non-dippers
Systolic BP non-dipper, % 338 429 0455
Diastolic BP non-dipper, % 1.5 9.5 0.146
MAP non-dipper, % 16.9 14.3 0.776
24-h heart rate SDS 0.5+09 05+10 0.963
>95 percentile, % 92 95 1.000
Daytime heart rate SDS 04£09 04£1.0 0.876
>95 percentile, % 6.2 48 1.000
Night-time heart rate SDS 06+£09 05+£10 0.671
>95 percentile, % 123 143 1.000
cIMT-SDS 13112 (N=64) 15+1.1(N=19) 0.395
>95 percentile, % 37.2 421 0.717

Data are presented as % or mean = standard deviation as appropriate

BP blood pressure, cIMT carotid intima media thickness, MAP mean arterial pressure, SDS standard deviation score

found in some studies with urinary MBzP levels in children
[61] and adults [62], no correlation was observed in oth-
ers [63, 64]. In a cross-sectional study of 108 children aged
6-18years, a positive correlation was reported between
urinary MBzP level and systolic blood pressure [61].

In our study, the frequencies of MEP above or equal
to median levels were slightly higher in daytime and/or
night-time HT group compared to normal blood pressure
group. MEP showed an additive interaction with MBzP
on daytime and/or night-time HT. However, a study

from China in 276 children aged 6—8years, evaluating 11
phthalate metabolites (MnBP, MEP, MMP, MBzP, MCOP,
MCPP, MOP, MEHP, MECPP, MEHHP, and MEOHP)
in urine, in boys a 1-ng/ml revealed that an increase in
MEP concentration was associated with a 0.016 mmHg
decrease in systolic blood pressure [63].

Except for urinary MBzP and MEP levels, other phtha-
late metabolites showed no significant positive associa-
tion with blood pressure profiles in our study. This is the
first study evaluating WCHT with these pollutants. A



Yalcin et al. BMC Nephrology Page 14 of 20
Table 6 Comparison of clinical characteristics according to carotid intima media thickness groups
Parameters cIMT groups P
<95 percentile (N=51) >95 percentile (N=32)
Female/male, % / % 54.9/45.1 46.9/53.1 0476
Age (years) 133407 133406 0.656
Height-SDS 0.52+£0.95 0.71+£0.83 0.345
BMI-SDS 0.78+1.14 1.06+£1.17 0.292
Obesity, % 15.7 28.1 0.172
Parental characteristics
Mother's age (years) 40.8+6.0 40.8+6.1 0.981
Father's age (years) 447+66 458+7.2 0.496
Parental hypertension, % 17.6 219 0.635
Laboratory findings
Hemoglobin (g/dl) 142409 1414+£12 0.659
White blood cell (x 10%/mm?) 76+22 80+£23 0.440
Platelets (x 10%/mm?) 279455 282473 0.792
Serum protein (g/dl) 77+£04 76+04 0.609
Serum albumin (g/dl) 47403 46403 0.544
Serum globulin (g/dl) 3.0+03 29403 0.859
Blood urea nitrogen (mg/dl) 111425 116433 0411
Creatinine (mg/dl) 0.574+0.09 0574012 0.873
eGFR [Schwartz] (ml/min/1.73m?) 1195£182 1227£21.7 0.480
Uric acid (mg/dl) 51+1.1 52411 0.592
Sodium (mEg/L) 1390£13 1387+£18 0.349
Potassium (mEq/L) 43403 41403 0.072
Chloride (mEg/L) 104.2£2.1 104.24£19 0.864
Calcium (mg/dl) 99+04 9.8+03 0.309
ACCa (mg/dl) 93403 93403 0.387
Phosphate (mg/dl) 44406 44406 0.952
ACCa-phosphate product (mg?/dl?) 409460 407457 0.896
ACCa-phosphate ratio (mg/mg) 2.12(1.93-2.40) 2.13(1.93-2.35) 0.837
Magnesium (mg/dl) 206+0.14 20340.15 0.388
UPCR (mg/maq) 0.08 (0.07-0.11) 0.08 (0.07-0.12) 0.489
UACR (mg/qg) 74(4.0-16.9) 6.5 (4.5-19.5) 0.842
UBCR (ug/g) 56.3 (23.0-74.1) 54.4(20.2-71.3) 0.955

Data are presented as mean + standard deviation, median (Q1-Q3) or %

ACCa albumin-corrected calcium, BMI body mass index, c/MT carotid intima media thickness, eGFR estimated glomerular filtration rate, SDS standard deviation score,
UACR urinary albumin to creatinine ratio, UBCR urinary beta-2 microglobulin to creatinine ratio, UPCR urinary protein to creatinine ratio

recent cross-sectional study from Isfahan (an industrial
city in Iran) included 108 children (6—18 years) observed
a positive relationship between systolic blood pressure
and some metabolites including urinary MnBP and
MEHZP; no association with MEHHP, MEOHP, and MMP
[61]. A recent cross-sectional study from China includ-
ing a total of 1044 primary school children (6-8years
old) with an electronic sphygmomanometer were stud-
ied reported that MMP, MiBP, MnBP, MCEPP, MCMHP,
“the sum of MMP, MEP, MiBP, and MnBP’, and “the sum
of MCEPP, MEHHP, MEOHP, MCMHP, MEHP, MMP,
MEP, MiBP, and MnBP” in urine samples were associated

with elevations in systolic/diastolic blood pressure-SDS,
pulse pressure, and MAP. Urine MMP level was also
significantly associated with the risk of high blood pres-
sure (blood pressure>the 90th percentile for sex/age/
height) [65]. National Health and Nutrition Examina-
tion Survey (NHANES 2001-2010; aged 20-80years)
showed relationships between high blood pressure and
MECPP, MnBP, MEHHP, MMP, MEOHP, and MBzP
in the adult age group after adjusting for urinary cre-
atinine, age, sex, ethnicity, and body mass index [62].
The relationship between urinary phthalates and blood
pressure (using an aneroid sphygmomanometer) was
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Table 7 Comparison of urinary bisphenol A (BPA) and phthalate metabolites according to according to carotid intima media thickness

groups
Parameters cIMT groups P
<95 percentile (N=51) > 95 percentile (N=32)
Urinary BPA
Total BPA ug/g-cre 88 (53-149) 96 (53-174) 0.896
pg/L 142 (94-195) 127 (84-170) 0407
Free BPA >DL, % 157 94 0517
High molecular weight phthalate metabolites
MCiNP ug/g-cre 0.57 (0.10-0.84) 0.71(0.27-1.10) 0.251
pg/L 0.76 (0.00-1.43) 0.87 (0.42-1.24) 0.605
>DL% 745 813 0477
>0.9ug/L, % 45.1 46.9 0.874
MCPP ug/g-cre 0.34 (0.10-0.64) 0.33 (0.14-0.71) 0.792
pg/L 0.59 (0.24-1.12) 0.34(0.26-0.78) 0676
>DL% 76.5 844 0.385
>0.5ug/L, % 56.9 375 0.086
MCiOP ug/g-cre 147 (0.97-2.57) 1.99 (1.31-3.57) 0.169
ug/L 23(1.5-40) 25 (1.6-5.0) 0466
MiINP >DL% 78 156 0.297
MEHP ug/g-cre 34(22-65) 52(32-82) 0.083
pg/L 5.7 (3.0-8.6) 64 (4.7-9.8) 0.147
>58ug/L, % 45.1 53.1 0476
MEHHP ug/g-cre 34.8(17.8-50.1) 42.2(28.8-62.0) 0.040
pg/L 454 (29.1-70.5) 62.0 (33.5-93.8) 0112
>50pa/L, % 451 594 0.205
MECPP ug/g-cre 7.9(5.2-14.9) 13.9(8.6-21.2) 0.007
pg/L 13.6(7.8-19.7) 17.9(9.4-27.7) 0.067
>15pa/L, % 451 625 0123
MEOHP ug/g-cre 8.0(4.7-10.7) 84(54-11.7) 0519
pg/L 10.7 (6.6-16.3) 10.7 (6.6-184) 0.963
MCMHP ug/g-cre 36(2.5-6.4) 45(3.2-65) 0.227
pg/L 56 (3.5-84) 6.5 (3.8-10.5) 0.507
> DEHP metabolites ug/g-cre 60.2 (37.6-91.7) 76.7 (50.0-114.9) 0.046
ug/L 87.3(56.6-127.8) 117.5 (60.8-160.7) 0.123
>100pg/L, % 353 594 0.032
Primary/secondary DEHP metabolites Ratio 6.5 (4.5-9.0) 82 (4.7-11.6) 0.207
Low molecular weight phthalate metabolites
MBzP >DL, % 216 250 0717
MnBP ug/g-cre 13.3(10.4-20.6) 13.5(9.1-28.3) 0.708
pg/L 20.0(14.7-28.2) 20.7 (13.6-324) 0.978
MiBP ug/g-cre 14.0 (10.0-224) 15.9(10.3-33.0) 0317
pg/L 21.0(15.6-264) 19.1 (15.6-36.3) 0.581
3 DBP metabolites ug/g-cre 26.7 (20.2-43.3) 29.0(19.0-61.3) 0.531
ug/L 40.3 (30.8-53.7) 38.3(29.4-69.1) 0.779
MEP ug/g-cre 11.8(5.2-247) 194 (5.3-67.9) 0.340
pg/L 18.3(9.8-34.3) 314 (8.0-824) 0416
MMP >20ug/L, % 49.0 53.1 0.716
ug/g-cre 1.88 (0.56-4.18) 1.60 (0.48-6.02) 0.903
ug/L 2,67 (1.07-6.33) 2.02(0.82-5.19) 0613

Data are presented as % or median (Q1-Q3)

cre creatinine, MnBP mono-n-butyl phthalate, MBzP mono-benzyl phthalate, MCiNP monocarboxy isononyl phthalate, MCGIOP mono carboxy isooctyl phthalate, MCMHP mono
2-carboxymethylhexyl phthalate, MCPP mono 3-carboxypropyl phthalate, MECPP mono 2-ethyl-5-carboxypentyl phthalate, MEHHP mono 2-ethyl 5-hydroxyhexyl phthalate,
MEHP mono 2-ethylhexyl phthalic acid, MEOHP mono 2-ethyl-5-oxy-hexyl phthalate, MEP monoethyl phthalate, MiBP monoisobutyl phthalate, MiNP monoisononyl phthalate,

MMP monomethyl phthalate, XDBP metabolites sum of dibutyl phthalate metabolites, SDEHP metabolites sum of di (2-ethylhexyl) phthalate metabolites
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examined in cross-sectional analyses using a subsample
of US children and adolescents (8—19years) in 2009 to
2012 NHANES. Di-2-ethylhexylphthalate, di-isononyl
phthalate, and di-isodecyl phthalate were associated
with higher blood pressure (age-, sex- and height-stand-
ardized). No association was detected between LMW
phthalates and blood pressure [66]. In the Dutch general
population (662 adults) blood pressure was not associ-
ated with any of the urinary MEP, MiBP, MnBP, MEHHP,
MEOHP, MECPP, MBzP, MEHP, and MMP. On the other
hand, they reported nonlinear significant associations for
MiBP quartiles with systolic blood pressure compared to
the first quartile, lowest exposure [67]. The sum of LMW
phthalate metabolites and the sum of HMW phthalate
metabolites with the analyses of serially assessed expo-
sure (6 samples per case) were not found to be associ-
ated with blood pressure in a cohort of 538 children with
chronic kidney disease [68]. A population-based, pro-
spective cohort study among 1064 mother-child pairs
revealed sex-specific differences for phthalates on blood
pressure; higher third-trimester maternal urine concen-
trations of HMW phthalates, di-2-ehtylhexylphthalate,
and di-n-octylphthalate were associated with lower sys-
tolic and diastolic blood pressure among girls [69].

In our study a negative association was detected
between YXDBP metabolites and WCHT. In a mouse
model, Xie et al. showed an increase in the levels of
angiotensin-converting enzyme (ACE) and angiotensin
II (Angll) in the DEHP treatment group without a sig-
nificant change in estradiol level; on the other hand, there
was an increase in the level of estradiol in the DBP treat-
ment group, and the expression of ACE, Angll, ATIR,
and eNOS in the DBP treatment groups showed no sig-
nificant change. They suggested that different effects of
DEHP and DBP on blood pressure could be related with
the different estradiol levels induced with DEHP and
DBP [70].

We showed a negative association between MMP and
WCHT. In a study conducted by Yao et al. in children,
a positive relationship was reported between MMP and
high blood pressure [65]. In addition, an inverted-U-
shaped relationship with atherosclerosis, which is one
of the cardiovascular risk factors, has been reported
in adults [71]. This suggests that different effects can
be seen at different doses rather than a linear dose-
response relationship. A negative association between
insulin resistance and MMP in children was reported
by Hashemi et al. [61]. It has been reported that insu-
lin resistance and compensatory hyperinsulinemia
may lead to increased blood pressure by causing sym-
pathetic system activation, vascular changes, insuffi-
cient vascular dilatation and changes in membrane ion
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exchange [72-74]. These may be the underlying reasons
for this negative relationship we have found.

In our study, we also showed a negative relation
between MCPP and ABPM hypertension. Although
higher MCCP concentrations in the first-trimester was
found to be associated with pregnancy induced hyper-
tension [75], MCPP was has not been found to be asso-
ciated with hypertension. Our literature search did not
reveal any explanation. Further studies are needed to
explain these discrepancies.

The results of the studies are inconsistent, the num-
ber and type of metabolites studied are not standard-
ized. Differences might also be due to sample matrix,
age groups, exposed dosage, and whether the metabo-
lite level is used directly or corrected by urinary creati-
nine or urine density. In addition, exposure to multiple
contaminants is present at the same time and this
might cause interaction between pollutants.

In our study, there is no interaction between carotid
IMT-SDS and MBzP. We have also shown that phos-
phate was significantly lower in adolescents with uri-
nary MBzP equal to or greater than the detectable
level. Interestingly, a previous study detected both
damage in liver and kidney and abnormalities in the
trace element and mineral levels DEHP-administered
rats [28]. Therefore, additional studies are needed to
evaluate the associations of phthalates with blood
pressure in different micronutrient status.

Carotid IMT-SDS was found to be associated with
XDEHP metabolites in our study. Similarly, matrix
metalloproteinases-2 and -9 expression which are
inducers of atherosclerosis was reported to be
increased in rats exposed to DEHP compared with
control rats [76]. In addition, MEHP, XDEHP, and
MnBP exposures in a human study are strongly found
to be associated with thicker CIMT in adolescents and
young adults in Taiwan [77].

Although it is not known exactly how phthalates
cause changes in blood pressure, it is thought that
oxidative damage may be responsible. Interestingly,
a positive association between MBzP and increased
oxidative stress and impaired vascular function was
reported in the pediatric age group [78]. There are
some proposed mechanisms in experimental mod-
els. In a mice study, exposure to DINP, another HMW
phthalate, was shown to increase systolic blood pres-
sure, diastolic blood pressure, and MAP, decrease
endothelial nitric oxide synthase expression, and nitric
oxide production [79]. Exposure to DEHP was found
to cause an increase in mouse blood pressure through
the renin-angiotensin-aldosterone system depending
on different estradiol levels [70].
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BPA and blood pressure

In our study, we did not find a significant relationship
between the tBPA levels and blood pressure profiles.
Similarly, a study conducted with 471 Dutch children
aged 6-10years reported that there was no significant
relationship between blood pressure and BPA after
multiple testing corrections [27]. However, in a study
conducted with 132 children aged 6-18years in Iran,
the urinary BPA concentrations of the participants
were found to be 282.534166.02ug/g-cre and a lin-
ear increase in blood pressure was reported among the
tertiles determined according to the BPA concentration
[80]. In a study examining 39 obese and overweight chil-
dren aged 3—8years, a positive correlation was reported
between urinary BPA levels and diastolic blood pres-
sure in girls. No relationship was found between BPA
and diastolic blood pressure in boys and between BPA
and systolic blood pressure in both genders [81]. A
multi-center prospective cohort study of children aged
6 months to 16 years with mild-to-moderate chronic kid-
ney disease showed no interaction between blood pres-
sure and urinary BPA levels [68]. No association was
found between blood pressure and urinary BPA levels in
662 native Dutch adult subjects [67]. Analytic method,
exposed dosage, obesity, and age groups of children
might influence the results. We detected high BPA lev-
els in our study. However, the frequency of fBPA above
the detection limit was more in WCHT and APBM-HT
groups compared to the normal blood pressure profile
groups (p=0.081). Although there was no significant
association, further studies are needed with a larger
sample size. fBPA is considered to be more toxicologi-
cally active than the conjugated BPA [82]. There are no
studies evaluating the interaction between fBPA and car-
diovascular events.

We identified a higher percentage in parental HT in
adolescents with HT. Similarly, familial aggregation with
an increased liability of childhood-onset essential HT
with parental essential HT is known [83]. Besides genetic
predisposition, the same environmental exposures might
have a role in theses aggregation.

Strengths and limitations

In our study, we focused on asymptomatic adolescents
detected in school screening, without antihypertensive
medication. Patients with heart disease and having any
drug therapy were excluded to avoid bias. In patients,
different treatment interventions may affect the expo-
sure level. The inclusion of asymptomatic adolescents
without hypertensive medication might influenced the
results and only statistically significant association could
be detected with the phthalate MBzP. The small sample
size might also affect the detection of associations. The
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cross-sectional design, relatively small study group, lack
of detailed data for exposure, a single measurement of
urinary metabolites were the limitations of the study.
To some extent, these features might limit the gener-
alizability of the current findings. Fetal origins of HT
could not be evaluated in our study due to the single-
exposure design. However, prenatal pollutant exposure
might have an additive role in childhood blood pressure
[64]. To the best of our knowledge, for the first time,
24-h ABPM was performed to examine the relationship
between blood pressure and BPA and phthalate metabo-
lites. Demographic characteristics (age, gender, ethnicity,
etc.), prenatal and environmental exposure, study design,
measurement methods of urinary metabolites and blood
pressure, parameters included in the multivariate analysis
may all have an impact on the findings and interpretation.

Conclusion

Blood pressure profiles were related with BMI-SDS,
WBC, platelets, some serum electrolytes (chloride, cal-
cium, ACCa-phosphate product), carotid IMT-SDS, and
one of the studied phthalate metabolites (MBzP). MBzP
was associated with parental HT, serum albumin and
phosphate level, ACCa-phosphate product, and some
blood pressure profiles. Interaction between MBzP and
blood pressure profiles remained significant after adjust-
ing confounding factors. Further studies in a large sam-
ple size with serial measurement are necessary to validate
our results.
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