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Exposure to perchlorate, nitrate
and thiocyanate was associated with the
prevalence of hypertension

Xiaofang Miao', Yan Chen', Jingping Lu', Hongjian Shan® and Ran Chen"’

Abstract

Background Our study aims to examinate the relationships between exposure to perchlorate, nitrate, and
thiocyanate and the risk of hypertension.

Methods A total of 21,321 participants were selected from the National Health and Nutritional Examination
Survey (NHANES). We used logistic regressions models to explore the odds ratio of urinary perchlorate, nitrate, and
thiocyanate on the risk of hypertension and restricted cubic splines to check the nonlinearity.

Results 2851 (13.4%) individuals were diagnosed with hypertension. Multivariable logistic regression analysis
suggested that urinary perchlorate and nitrate were inversely associated with hypertension, and thiocyanate has

a positive correlation. Compared with the lowest quartile, the highest quartile of odds ratios was 0.86 (0.74-1.00;
P=0.048) for perchlorate, 0.79 (0.67-0.94; P=0.007) for nitrate, and 1.47 (1.25-1.73; P<0.001) for thiocyanate.
Restricted cubic splines showed that urinary perchlorate was nonlinearly associated with hypertension (P=0.0014).

Conclusions Higher exposure to perchlorate and nitrate were associated with a lower risk of hypertension, while a
positive association was observed for urinary thiocyanate.
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Introduction

Hypertension is a global health problem, accounting for

9.4 million deaths worldwide [1]. Globally, the preva-

lence of hypertension was 24.1% and 20.1% in men and

women respectively [2]. Besides, hypertension was one

of the leading risk factors for cardiovascular diseases and

chronic kidney disease [3, 4].

Perchlorate, nitrate, and thiocyanate are environmen-

*Correspondence: I docri di hich 1d be d d
Hongjian Shan tally endocrine-disruptors, which cou e detecte
1638984763@qq.com in drinking water, food and some electronic products
Ran Chen [5-7]. It was reported that urinary nitrate was inversely
chenran000963@163.com lated with obesit hile thi te i d th
'Department of Cardiology, Jiangsu Province Hospital of Chinese C?rre ate Wl obesity, W 1e 1F>cyana € Increase e
Medicine, Affiliated Hospital of Nanjing University of Chinese Medicine, risk of obe51ty [8]. And hlgher urinary perchlorate levels
Nanjing, China are associated with an increased prevalence of diabetes

Department of Orthopedics, The Affiliated Jiangning Hospital of Nanjing . . .
Medical University, Nanjing, China mellitus [9]. However, it remains unknown about the

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.



http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12872-025-04878-3
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-025-04878-3&domain=pdf&date_stamp=2025-5-26

Miao et al. BMC Cardiovascular Disorders (2025) 25:409

relationship between exposure to perchlorate, nitrate,
and thiocyanate with the risk of hypertension.

Methods

Study population

Among a total of 24,508 participants from NHANES,
we excluded individuals without data on urinary per-
chlorate, nitrate and thiocyanate (n=1,228), hyperten-
sion (1=1,954) and urinary creatinine (n=5). Finally, we
included 21,321 in the present study (Fig. 1). The study
protocol was approved by the National Center for Health
Statistics (NCHS).

Urinary perchlorate, nitrate and thiocyanate
Urine concentrations of perchlorate, nitrate and thio-
cyanate are measured by LC-MS/MS [10]. The value

Page 2 of 6

lowering the limit of detection is the detection limit
divided by the square root of two.

Variables collection

Common information on age, sex, race, education level,
poverty income ratio (PIR), alcohol consumption, smok-
ing status, physical activity and disease history were
obtained from the questionnaires. Diabetes was defined
as a history of diabetes, fasting plasma glucose>7.0
mmol/L, or HbAlc>6.5%. Hypertension was defined as
self-reported doctor diagnosis of hypertension, blood
pressure >140/90 mmHg, or the use of anti-hypertensive
medicine [11].

Participants from NHANES (n=24,508)

Missing records on urinary perchlorate,

nitrate and thiocyanate (n=1,228)

»Missing data on hypertension (n=1954)

A /

»Missing data on urinary creatinine (n=5)

Enrolled for analysis (n=21,321)

Fig. 1 The flow chart of participant selection
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Statistical analysis

Continuous variables were presented as the mean + stan-
dard deviation while categorical variables were pre-
sented as the number (percentage). Multivariable logistic
regression models were used to explore the relationship
between urinary perchlorate, nitrate and thiocyanate
with the risk of hypertension. Restricted cubic splines
were used to estimate the dose-response relationship
between urinary perchlorate, nitrate and thiocyanate
with hypertension. Data were analyzed using R software
version 3.6.0. Pvalue <0.05 was considered as statistically
significant.

Results

The present study included 21,321 participants, of whom
2851 (13.4%) was diagnosed as hypertension. The char-
acteristics of population according to hypertension were
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shown in Table 1. Hypertensive individuals had a lower
level of urinary perchlorate (P=0.07), nitrate (P<0.001)
and thiocyanate (P<0.001).

Associations of urinary perchlorate with the preva-
lence of hypertension are shown in Table 2. Compared
to the lowest quartile, the odds ratios (ORs) of the high-
est quartile were 0.73 (95% confidence interval [CI],
0.65-0.82; P<0.001), 0.83 (0.73-0.95; P=0.008), 0.84
(0.73-0.96; P=0.013) and 0.86 (0.74-1.00; P=0.048).
For urinary nitrate shown in Table 3, the ORs across
the increasing quartiles were 0.89 (95% CI, 0.79-1.01;
P=0.079), 0.79 (0.68—0.91; P=0.002) and 0.79 (0.67-0.94;
P=0.007) in the fully-adjusted model. For urinary thio-
cyanate (Table 4), the highest quartile was positively
associated with the presence of hypertension compared
with the lowest quartile (OR 1.47 [1.25-1.73]; P<0.001).
Restricted cubic splines (Fig. 2) also suggested that

Table 1 Characteristics of the study population according to the presence of hypertension

Variable Overall (n=21321) Non-HBP (n=18470) HBP (n=2851) Pvalue
Male (%) 10,601 (49.7) 9080 (49.2) 1521 (53.3) <0.001
Age, years 38.16+22.30 3463+21.04 61.07+£15.68 <0.001
Race (%) <0.001

Non-Hispanic white 8678 (40.7) 7380 (40.0) 1298 (45.5)

Non-Hispanic black 4985 (23.4) 4177 (22.6) 808 (28.3)

Mexican American 4395 (20.6) 4017 (21.7) 378 (13.3)

Others 3263 (15.3) 2896 (15.7) 367 (12.9)
Education (%) <0.001

Less than high school 4042 (27 .4) 3073 (25.7) 969 (34.5)

High school or equivalent 3460 (23.4) 2758 (23.1) 702 (25.0)

College or above 7264 (49.2) 6126 (51.2) 1138 (40.5)
PIR (%) <0.001

<1 4799 (24.2) 4264 (24.8) 535(20.4)

1~3 8145 (41.1) 6923 (40.3) 1222 (46.5)

>3 6871 (34.7) 6000 (34.9) 871(33.1)
BMI, kg/m2 269+7.1 26.5+7.01 29.7+72 <0.001
Drinking, % 2052 (504) 1626 (50.7) 426 (49.2) 0463
Smoking, % 0.146

Never 8000 (71.5) 6573 (71.2) 1427 (72.6)

Past 542 (4.8) 463 (5.0) 79 (4.0)

Current 2653 (23.7) 2193 (23.8) 460 (23.4)
Activity, % <0.001

Inactive 2359 (20.0) 2060 (19.9) 299 (20.5)

Moderate 2(374) 3761 (36.4) 651 (44.7)

Vigorous 5024 (42.6) 4518 (43.7) 506 (34.8)
CVD, % 1526 (10.3) 1006 (8.4) 520(18.5) <0.001
Diabetes, % 2426 (11.4) 1667 (9.0) 759 (26.6) <0.001
sBP, mmHg 118.0+17.8 113.1£120 151.9+135 <0.001
dBP, mmHg 654+149 63.9+138 76.1+£178 <0.001
Creatinine, mg/dL 1263+785 1284+79.1 1125+73.2 <0.001
Perchlorate, pug/L 3.56[1.97,6.27] 362 [2.01,6.35] 3.16[1.80, 5.68] 0.07
Nitrate, mg/L 47.7[27.8,73.6] 49.1129.0,75.2] 37.6[220,61.9] <0.001
Thiocyanate, mg/L 1.13[0.55, 2.30] 5[0.57,2.30] 0.96 [0.46, 2.27] <0.001

Data are presented as n (%), and mean = SD or median [lower quartile, upper quartile]. PIR, poverty income ratio. BMI, body mass index; CVD, cardiovascular disease;

sBP, systolic blood pressure; dBP, diastolic blood pressure
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Table 2 Association of urinary perchlorate with the presence of hypertension
Subgroup Cases N Model 1 Model 2 Model 3 Model 4

OR[95%Cl] P OR[95%Cl] P OR[95%Cl] P OR[95%Cl] P
Q1 813 5355  Ref - Ref - Ref - Ref -
Q2 775 5336 095[085,1.06] 0339 0.911[0.80,1.02]  0.109 0.90[0.80,1.02] 0.103 0.90[0.80,1.02] 0.110
Q3 647 5313 0.771[069,087]  <0.001 0.76[0.67,086] <0001 0.77[067,088] <0001 0.78[0.68,089  <0.001
Q4 616 5317  0.73[0.65,082] <0.001 0.83[0.73,095]  0.008 0.84[0.73,096] 0013 0.86[0.74,1.00]  0.048
Model 1: non-adjusted
Model 2: adjusted for creatinine, age and gender
Model 3: Model 1+education, PIR, BMI, drinking, smoking, activity, CVD and diabetes
Model 4: Model 2 + mutual adjustment of log-transformed urinary perchlorate, nitrate and thiocyanate
OR, odds ratio; Cl, confidence interval; CVD, cardiovascular diseases
Q1:1.21;Q2: 2.74; Q3:4.76; Q4: 12.8
Table 3 Association of urinary nitrate with the presence of hypertension
Subgroup Cases N Model 1 Model 2 Model 3 Model 4

OR[95%ClI] P OR[95%Cl] P ORI[95%ClI] P ORI[95%ClI] P

Q1 987 5338  Ref - Ref - Ref - Ref -
Q2 781 5323 0.76 [0.68,0.84] <0.001 0.95[0.84,1.07] 0416 0.92[0.81,1.03] 0.153 0.89[0.79,1.01] 0.079
Q3 587 5334 0.551[0.49,0.61] <0.001 0.89[0.78,1.03] 0.112 0.82[0.71,0.94] 0.005 0.79[0.68,0.91] 0.002
Q4 496 5326 0.451[040,051] <0.001 0.95[0.81,1.11] 0.491 0.83[0.71,097] 0.022 0.79[0.67,0.94] 0.007
Model 1: non-adjusted
Model 2: adjusted for creatinine, age and gender
Model 3: Model 1+education, PIR, BMI, drinking, smoking, activity, CVD and diabetes
Model 4: Model 2+ mutual adjustment of log-transformed urinary perchlorate, nitrate and thiocyanate
OR, odds ratio; Cl, confidence interval; CVD, cardiovascular diseases
Q1:17.4;Q2:37.7;Q3: 59.6; Q4: 116.0
Table 4 Association of urinary thiocyanate with the presence of hypertension
Subgroup Cases N Model 1 Model 2 Model 3 Model 4

OR[95%Cl] P OR[95%Cl] P OR[95%Cl] P OR[95%Cl] P
Q1 884 5333 Ref - Ref - Ref - Ref -
Q2 693 5401 0.7410.67,082]  <0.001 0.9810.86,1.10]  0.690 0.97[0.86,1.10]  0.685 1.01[0.90,1.15] 0816
Q3 569 5269  0.61[054,068]  <0.001 1.01[0.89,1.15]  0.871 0.99[0.87,1.13] 0908 1.05[0.92,1.21] 0451
Q4 705 5318 0.7710.69,086] <0.001 140[1.23,1.58] <0.001 1.36[1.16,1.59]  <0.001 1471[1.251.73]  <0.001

Model 1: non-adjusted
Model 2: adjusted for creatinine, age and gender

Model 3: Model 1+education, PIR, BMI, drinking, smoking, activity, CVD and diabetes

Model 4: Model 2 + mutual adjustment of log-transformed urinary perchlorate, nitrate and thiocyanate

OR, odds ratio; Cl, confidence interval; CVD, cardiovascular diseases
Q1:0.32;Q2:0.82; Q3: 1.61; Q4: 5.98

urinary perchlorate was nonlinearly related to hyperten-
sion (Pfor nonlinearity=0.0014), while urinary nitrate
was inversely associated with hypertension (Pfor nonlin-
earity =0.6912) while urinary thiocyanate was positively
related to hypertension (Pfor nonlinearity = 0.0563).
Considering the distribution of the predictor variables
included extremely low and high values (Supplementary
Table 1), we excluded the value below 1% and above 99%
and re-analyzed the association between urinary levels
of perchlorate (Supplementary Table 2), nitrate (Supple-
mentary Table 3), thiocyanate (Supplementary Table 4).
The results were also consistent as previously described.

Discussion
This is the first study to examine the associations
between urinary perchlorate, nitrate, and thiocyanate
and the prevalence of hypertension. In this study, we
found that urinary perchlorate was nonlinearly associ-
ated with hypertension, with a lower level increasing the
risk of hypertension. Urinary nitrate was inversely asso-
ciated with hypertension while urinary thiocyanate was
positively related to hypertension. The association was
independent of traditional hypertension risk factors.
Previous studies suggested that exposure to perchlo-
rate, nitrate and thiocyanate could inhibit thyroid func-
tion [12], which may be responsible for regulation of
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Fig. 2 The dose-response analysis between urinary perchlorate (A), nitrate (B) and nitrate (C) with hypertension

blood pressure. We found that lower level of urinary
perchlorate increased the risk of hypertension. However,
there was no report about the link between perchlorate
exposure and hypertension. Previous studies demon-
strated that nitrate supplementation could reduce systolic
blood pressure and diastolic blood pressure [13—15]. This
was in consistent with our results that urinary nitrate was
negatively associated with the prevalence of hyperten-
sion. Our results also found that urinary thiocyanate was
positively associated with hypertension. Animal study
showed that thiocyanate promoted vessel constriction in
a dose-dependent manner [16]. Clinical trial also showed
that thiocyanate-rich vegetables abolished the anti-
hypertensive effect of nitrate-rich vegetable [17].

However, our study also had several limitations. Firstly,
urinary perchlorate, nitrate and thiocyanate were mea-
sured only once, lack of dynamic biomonitoring. Sec-
ondly, this is a cross-sectional study.

Conclusions

In summary, urinary nitrate was inversely associated with
hypertension while urinary thiocyanate was positively
related to hypertension. Urinary perchlorate was nonlin-
early associated with hypertension.
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