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Purpose: The role of inorganic arsenic (iAs) in the risk of metabolic syndrome (MetS) remains unclear. This investigation focused on
the effect of iAs exposure on MetS and whether the results are consistent in different subgroups.

Patients and Methods: The present study was conducted on 629 men and 616 women aged 35-70 years and living in Xinjiang
Uygur Autonomous Region, China. The 1:1 propensity score matching (PSM) was adopted to regulate the confounding factors, and
the multivariate logistic regression was performed to assess the relationship between urinary iAs and MetS.

Results: The median content of urinary iAs was examined as 2.20 pg/dL (interquartile range: 1.30-3.20 pg/dL), and the MetS
prevalence reached 23.69% (295 cases/950 participants). After the confounding factors were adjusted, the ORs (95% CIs) for
MetS from the minimal to the maximum urinary iAs quartiles reached 1.171 (0.736,1.863), 1.568 (1.008, 2.440) and 2.011 (1.296,
3.120), respectively (referencing 1.00) (P for trend=0.001). After the PSM, the urinary iAs content still plays a potential prediction
role in MetS (P for trend=0.011). In addition, as revealed from the subgroup analysis, the urinary iAs content was a predictor of
MetS in the female patients, whereas it did not serve as a significant predictor of MetS in the male patients (P for
interaction<0.05).

Conclusion: The increased urinary iAs content was associated with the increased prevalence of MetS in Chinese population. More
attention should be paid to female urinary iAs content to avoid the high prevalence of MetS.
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Introduction

Metabolic syndrome (MetS), affects the health of 25% of the global adult population, is a pathological state which has
a set of metabolic abnormalities, including high blood pressure, hyperglycaemia, central adiposity, dyslipidemia' MetS
instances in China have risen substantially over the last few years, with an estimated 110 million people suffering from
the disease.' Moreover, MetS is associated with many diseases.® The current study demonstrates that when compared to
non MetS patients, MetS patients have a threefold greater risk of cardiovascular disease, and a fivefold increased risk of
type 2 diabetes.*” A study from South Korea showed that the risk of type 2 diabetes decreased by 36% when the number
of MetS components decreased in second follow-up visits. All components of the MetS were independent risk factors for
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type 2 diabetes.® Additionally, patients with MetS are predisposed to cardiovascular, brain, liver and kidney complica-
tions, atherosclerosis, sudden death and other diseases.” All of them have imposed a significant strain on society.

Metabolic illnesses are a result of a combination of hereditary and environmental variables, making them compli-
cated. As evidenced by relevant epidemiological investigations, genetic factors accounted for 13% ~ 60% of the risk
factors, while environmental factors contributed to 40% ~ 87%.% ' Due to their inability to decompose, heavy metals
become the most difficult environmental contaminants.'? Previous research has established a link between MetS and
a variety of heavy metals.">™'® Copper (Cu), nickel (Ni), lead (Pb) all have positive association with the amount of MetS
cornponents.l}’14 Obese senior men were also shown to have higher amounts of manganese (Mn) and chromium (Cr) in
their bloodstreams, which may contribute to the development of MetS. In the same population, lower serum magnesium
levels directly increased the risk of MetS.'> However, additional research is needed to confirm the link between iAs and
MetS.

In nature, arsenic is mostly found as inorganic arsenic and organic arsenic, the latter of which is extremely
hazardous.'” Tt is well accepted that inorganic arsenic is a major environmental hazard that may be inhaled, ingested
or absorbed via the skin.'® Ingestion of iAs-contaminated water is the most prevalent method of exposure.'® Besides,
MetS and its components are also linked to iAs, which shows metalloid characteristics.’>*! A review by Wang w et al
showed that for every 100 ug/L increment of iAs in drinking water, the risk of type 2 diabetes increased by 13% after the
inclusion of 14 published articles.”” In adults who had never smoked and consumed a lot of rice, iAs exposure was
favorably related with both systolic and diastolic blood pressure, according to a research from Spain.”®> Besides,
a prospective cohort study showed that iAs exposure was associated with higher risk of overall MetS and elevated
waist circumference but not with any other MetS component,”* whereas some studies did not report any relationship
between iAs exposure and MetS.>> Meanwhile, there is still no relationship between iAs and MetS in areas with low
arsenic exposure.”® In summary, the connection between iAs exposure and MetS continues to be a source of contention.

Xinjiang Uygur Autonomous Region, located in northwest China, has become one of the cities most polluted by iAs
in China due to the region’s complicated geography and people’s lifestyle.?” Peyziwat county in southwest Xinjiang and
the alluvial plain in the middle and lower parts of Kashgar, which is impacted by specific landforms and earthquakes,
geological conditions and recharging of groundwater, has significantly raised levels of iAs in drinking water.”® Peyziwat
county is an appropriate place to study the association between iAs exposure and MetS because of the enormous support
provided by the Chinese government in reducing water iAs concentration and determining the distribution of iAs in
water.

Although several studies confirmed the relationships between iAs exposure and MetS, the balance between the case
group and the control is insufficient, so the effect of various confounding factors is difficult to exclude. In addition, data
from China on the relationship between iAs exposure and MetS has been limited. Propensity score matching (PSM)
expresses the influence of multiple covariates through Propensity score (PS) value. Then, Match according to PS value to
overcome the problem of insufficient balance between case group and control group in non randomized controlled
trials.>” It was for these reasons that the the PSM was employed to eliminate any potential sources of bias from the data.
Subgroup analyses were conducted to explore whether the results of different subgroups were consistent. In addition, the
urinary iAs content fell into quartiles in logistic regression equation to explore the effect of different doses of the urinary
iAs on MetS, as an attempt to lay a basis for the relationship between the urinary iAs content and MetS.

Materials and Methods
Data Source and Study Population

The 300 administrative villages in Peyziwat County fell into the control area (water As concentration <10ug/L), the low
water As exposure area (water As concentration 10ug/L~ 50ug/L) and the high water As exposure area (water As
concentration >50ug/L),>° with 169, 95 and 29 administrative regions, respectively. The random number table approach
was used to choose two administrative villages from each category. Subsequently, cluster sampling was adopted to
investigate all residents aged over 35 years. Qualified investigators conducted the questionnaire survey in person,
collecting the data listed below (eg, name, gender, age, education, smoking, drinking and family history). A team of
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medical professionals also investigated the biochemical and metabolic indicators. Of the total 1321 individuals who
satisfied the following inclusion and exclusion criteria, 1245 signed their agreement to participate in the study.

(1) Inclusion criteria: 1) 35-70 year old inhabitants with at least a two-decade history of residency in the area; 2)
Those who can complete the investigation steps and contents alone; 3) Participants in the survey were informed of
its content and chose to participate willingly.

(2) Exclusion criteria: 1) Patients with acute diseases (such as clear infection, serious trauma), mental illness or
communication difficulties who cannot complete the questionnaire; 2) Pregnant women. For this reason, pregnant
women should not be evaluated for metabolic syndrome. Pregnant women’s waist circumference, blood pressure
and cholesterol are different from others.

Blood Biochemistry Test

It was essential that all participants have been fasting for at least eight hours prior to the survey being administered. The
venous blood of the individuals was obtained the next morning by professional nurses. 5 mL of blood was taken from
each patient and put in a biochemical tube. All of the blood samples were transported to the Hospital’s laboratory for
testing. In order to measure fasting plasma glucose (FPG), total cholesterol (TC), triglyceride (TG), low density
lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C) and other blood indicators, a full-
automatic biochemical analyzer was utilized.

Determination of Inorganic Arsenic (iAs) Content in Urine

The content of iAs in urine was determined by hydride atomic fluorescence spectrometry. This method has higher
sensitivity and lower LOD (0.01ug/L). The instrument used is atomic fluorescence photometer (AFS-930), and the
specific determination process is as follows:

(1) Take 10mL of sample into the colorimetric tube.

(2) Preparation of standard series: Draw OmL, 0.1mL, 0.3mL, 0.5mL, 0.7mL, 1.0mL and 2.0mL of arsenic standard
solution into the colorimetric tube respectively. Then, fix the volume to 10mL with pure water to make the concentration
of arsenic Opg/L, 1.0pg/L, 3.0pg/L, 5.0ug/L, 7.0pug/L, 10.0pg/L, 20.0pg/L respectively.

(3) Add 1mL hydrochloric acid and 1mL thiourea + ascorbic acid solution to the sample, blank and standard solution
tubes respectively and mix well.

(4) Instrument condition: Arsenic lamp current: 45mA; Negative high voltage: 305V; Atomizer height: 8.5mm; carrier
gas flow rate: 500mL/min; Shielding gas flow rate: 1000mL/min; Injection volume: 0.5mL; Current carrying: hydro-
chloric acid solution.

(5) Determination: Set the best conditions of the instrument after startup, ignite the atomization furnace wire, and start
the determination after stabilizing for 30min, draw the standard curve and calculate the regression equation (y=ax+b).

(6) Calculation: Find the arsenic concentration (pg/L) in the sample solution from the standard curve or regression
equation based on the fluorescence intensity of the measured sample.

Definition of Smoking and Drinking
Smoking is defined as: regular smokers, former smokers and never smokers.1) To be a “regular smoker”, one must smoke at
least one pack of cigarettes every day for at least six months.; 2) Former smokers are those who have smoked in the past but
have not smoked in over six months.; 3) Never smokers refer to people who have never smoked. Regular smokers were
included in a smoker group, while never smokers and former smokers were combined in a non-smoker group.>'

Drinking is defined as: regular drinkers, former drinkers and never drinkers. 1) Regular drinkers refer to those who
drink alcoholic beverages at least once a week for more than half a year; 2) Former drinkers refer to persons who have
previously drank but have not done so in the last six months; 3) A never drinker is someone who has never had a drink.
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Regular drinkers were divided into a drinker group, whereas never drinkers and former drinkers were amalgamated into

. 2
a non-drinker group.’

Definition of MetS
By complying with the diagnostic criteria for MetS in China’s guideline for preventing and treating type 2 diabetes,’
MetS was defined as the presence of at least 3 of the component conditions below:

(1) Central obesity: male waist circumference > 90 cm, female > 85 cm.

(2) hyperglycemia: fasting blood glucose > 6.10 mmol/L or blood glucose >7.80 mmol/L after 2 h of glucose load or
was diagnosed as diabetes.

(3) hypertension: blood pressure >130/85 mmHg or hypertension was diagnosed.

(4) high triglyceride: Fasting TG >1.70 mmol/L.

(5) low high-density lipoprotein: Fasting HDL-C <1.04 mmol/L.

Statistical Analysis

The normally distributed data were performing f-test to compare between the groups and expressing as meantstandard
deviation. The categorized variables were conducting the chi-square test for the analysis between the groups and performing
as a composition ratio.Three models were established in this study to investigate the connection between urinary iAs and
MetS. The urinary iAs content was represented as a continuous variable and a grade variable in each of the three models. As
a continuous variable, the urinary iAs content had to be converted to log because it did not follow the normal distribution. At
the same time, considering the influence of confounding factors, model 1 controlled the most common risk factors age and
BMI in general demographic characteristics. Model 2 controlled the variables with P value less than 0.1 in univariate
analysis. Model 3 conducted a 1:1 PSM in baseline characteristics between with MetS and without MetS. The nearest
neighborhood method without replacement was adopted with a caliper width of 0.02. To assess the matching effect of the
PSM, figures were generated for the propensity score distribution and standardized differences of variables before and after
the PSM. When the standardized deviation of each variable is within + 10%, it indicates that the matching belongs to the high
precision.”* Finally, subgroup analysis was used to ascertain the consistency of the data from various subgroups. SPSS 25.0
was used for univariate analysis and logistic regression analysis. Stata 16.0 conduct propensity score matching analysis to
determine the matched samples, and R 4.1.0 draw the forest map for subgroup analysis.

Results

Baseline Characteristics and PSM Method Implementation

On the whole, 629 men and 616 women were included in this study, of which 295 people suffered from MetS, and the
prevalence rate was 23.69%. The median content of urinary iAs was 2.20 ng/dL (interquartile range from 1.30 to 3.20 pg/
dL). Taking MetS as the categorical variable, Table 1 lists the general demographic characteristics and biochemical
indexes before and after the matching. Before the PSM, compared with those without MetS, the research objects with
MetS had higher age, BMI, PLT, GPT, Total cholesterol, as well as LDL cholesterol (P<0.05), while the others were
statistically insignificant. After the PSM, 496 subjects were included. The P values of all variables exceeded 0.1, thereby
demonstrating that the distribution of the respective variable was balanced.

PSM Effectiveness Verification

To further verify the matching effect of the PSM, distribution of propensity scores (Figure 1) and standardized
differences of variables (Figure 2) were drawn. It can be seen from Figure 1 that, there was a large gap in the distribution
of propensity scores between the case group and the control before matching, and the two curves almost coincide after
matching, which proves that the propensity score matching was good. After matching, the average standardized deviation
was decreased from 21.5% to 3.5% and the standardized deviation of each variable was within +10%, which indicates
that the matching belongs to the high accuracy range.
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Table | Baseline Characteristics Before and After Propensity Score Matching (PSM)
Variables Before Propensity Score-Matched After Propensity Score-Matched
Without MetS With MetS P value Without MetS With MetS P value
(n=950) (n=295) (n=248) (n=248)
Urinary inorganic arsenic (ug/dL) 0.22(0.19) 0.25(0.18) 0.001 0.22(0.19) 0.25(0.16) 0.009
Sex
Woman 462 (48.60) 154 (52.20) 0.287 118 (47.60) 130 (52.40) 0.323
Man 488 (51.40) 141 (47.80) 130 (52.40) 118 (47.60)
Age (years) 49.42£10.14 53.25%9.75 0.000 52.44+9.69 52.18+9.44 0.768
BMI (kg/m?) 24.47+3.65 27.89+3.64 0.000 27.41%3.51 27.25+3.31 0.606
Hemoglobin (g/L) 135.39+£21.08 137.60£20.93 0.114 137.86+18.83 137.05£21.15 0.651
White blood cell count (10%/L) 6.84£1.91 7.06£1.72 0.072 6.91£1.8l 6.99+1.65 0.593
Plateletcount (10%/L) 278.29+90.54 265.40+64.88 0.023 268.24+81.56 266.53+64.44 0.795
Glutamic-pyruvic transaminase 24.99£17.02 29.37+19.28 0.000 28.32+24.23 28.82+18.48 0.793
(UIL)
Aspartate amino-transferase (U/ 23.49+13.83 23.09£13.60 0.662 23.74%11.56 22.85+13.88 0.440
L)
Serum creatinine (umol/L) 69.63£18.72 70.10£24.52 0.728 71.71£19.19 69.72+20.19 0.261
Blood urea (mmol/L) 5.58+2.04 5.87+5.66 0.188 5.84+1.98 5.84+5.60 0.997
Total cholesterol (mmol/L) 4.19£1.38 4.65+1.41 0.000 4.49+2.18 4.53£1.06 0.823
LDL cholesterol (mmol/L) 2.62+0.84 2.95+1.08 0.000 2.90£0.92 2.89+1.05 0.972
Education level
llliteracy 59 (6.2) 28 (9.5) 0.072 13 (5.2) 22 (8.9) 0.130
Primary Education 493 (51.9) 163 (24.8) 155 (62.5) 131 (52.8)
Junior middle Education 344 (36.2) 93 (21.3) 70 (28.2) 84 (33.9)
Senior middle Ed- ucation 54 (5.7) I (16.9) 10 (4.0) 11 (4.4)
and above
Family history of hyperlipidemia
No 893 (94.0) 276 (93.6) 0.781 232 (93.5) 230 (92.7) 0.859
Yes 57 (6.0) 19 (6.4) 16 (6.5) 18 (7.3)
Eating habits
Meat-based 156 (16.4) 56 (19.0) 0.352 52 (21.0) 45 (18.1) 0.103
Vegetarian-based 8l (8.5) 30 (10.2) 15 (6.0) 28 (11.3)
Meat and vegetable 713 (75.1) 209 (70.8) 181 (73.0) 175 (70.6)
Smoking
No 800 (84.2) 256 (86.8) 0.308 210 (84.7) 214 (86.3) 0.702
Yes 150 (15.8) 39 (13.2) 38 (15.3) 34 (13.7)
Drinking
No 872 (91.8) 272 (92.2) 0.903 227 (91.5) 229 (92.3) 0.869
Yes 78 (8.2) 23 (7.8) 21 (8.5) 19 (7.7)

Prevalence of Metabolic Syndrome Components Before PSM
As Figure 3 show, the prevalence rates of MetS components in MetS patients are as follows: central obesity (93.56%),
low HDL (84.75%), high Triglycerides (67.80%), hypertension (64.41%), and Hyperglycemia (30.17%). In the popula-
tion with MetS and without Mets, the prevalence of central obesity was the highest and the prevalence of hyperglycemia

was the lowest.

Relationship Between Urinary iAs Content and MetS

To explore the relationship between urinary iAs content and MetS, three models were established with MetS as dependent

variable (Table 2). The three models included urinary iAs content in the form of continuous variable and grade variable
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Figure | Distribution of propensity score before and after propensity score matching (PSM). (A) Propensity score distribution before PSM, (B) propensity score
distribution after PSM. PSM matches by calculating the propensity score. When the propensity scores are consistent, it is considered that the matching efficiency is better.
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Figure 2 Standardized bias of variables before and after propensity score matching (PSM). ® Denotes the standardized bias of variables before PSM; x Denotes the
standardized bias of variables after PSM; the two vertical dashed lines represent +10% of the standardized bias respectively.

respectively. When the urinary iAs content was included in the form of grade variable. Before the PSM, the ORs (95% Cls)
for MetS from the lowest to the highest urinary iAs quartiles were 1.146 (0.729, 1.799), 1.591 (1.036, 2.443) and 2.113
(1.392, 3.208), respectively (referencing 1.00) (P for trend <0.001) (Table 2), after adjusting for age, BMI (model 1). Further
adjusting other variables (model 2), there was no substantial change in the relationship between urinary iAs and MetS (P for
trend=0.001). After the PSM, the relationship was slightly weakened (model 3), but urinary iAs content was still a potential
prediction role of MetS (P for trend =0.011). When the urinary iAs content was included in the form of continuous variable,
all three models showed that urinary iAs content was a potential prediction role of MetS (all P value <0.01).

Subgroup Analysis

Logistic regression was further used to assess the relationship between urinary iAs content and MetS among subgroups
(Figure 4). The results showed that there was significant interaction only in different gender groups (P for interac-
tion=0.022), thereby demonstrating that urinary iAs content served as a predictor MetS in female patients (OR=1.474,
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Figure 3 Prevalence of metabolic syndrome components before PSM.
Abbreviations: MetS, metabolic syndrome; Low HDL, low high density lipoprotein.

95% CI=(1.180, 1.858)), whereas it was not a significant predictor of MetS in male patients (OR=1.014, 95% CI=(0.809,
1.272)).

Discussion

In this study, 1245 participants in Peyziwat County, Xinjiang were taken as the research object for a cross-sectional study.
PSM method was used to control confounding factors. Logistic regression was used to analyze the relationship between
urinary iAs content and MetS. We found that urinary iAs content was positively associated with MetS.

The prevalence of MetS in this study was greater than the prevalence level reported in China, according to the
definition of MetS by the Chinese Diabetes Society (CDS).>* This can be attributed to a variety of factors, including one’s
dietary habits, the surrounding environment, and so on. Local residents eat three meals a day primarily baked Nang or
other pasta made of white flour as raw materials, and the intake of carbohydrates was high.*> Short-term high
carbohydrate diet could up-regulate the concentration of plasma TG.*® In addition, this study is located in the area
with high exposure level of iAs which has been proved to be a risk factor for components of MetS such as diabetes and
hypertension.?'’

For short-term iAs exposure, urinary iAs content was regarded an excellent marker and the most accurate sign.*® The
median content of urinary iAs in our research object was 2.20ug/dL (interquartile range: 1.30-3.20 pg/dL). However, in

Table 2 Logistic Regression Between Urinary Inorganic Arsenic (iAs) Content and MetS Before and After PSM

Urinary iAs Content Model 1* Model 2° Model 3¢

OR (95% CI) PI OR (95% CI) P2 OR (95% CI) P3
Categorical®
< P25(Ref) Ref Ref Ref
P25-(low) 1.146 (0.729, 1.799) 0.555 1.171 (0.736, 1.863) 0.504 1.465 (0.873, 2.460) 0.148
P50-(medium) 1.591 (1.036, 2.443) 0.034 1.568 (1.008, 2.440) 0.046 1.558 (0.930, 2.612) 0.092
P75-(high) 2.113 (1.392, 3.208) <0.001 2.011 (1.296, 3.120) 0.002 2.003 (1.190, 3.371) 0.009
P for trend <0.001 0.001 0.011

Continuous®

1.055 (1.024, 1.088) <0.001 1.049 (1.016, 1.083) 0.003 1.091 (1.025, 1.161) 0.007

Notes: *Before PSM, adjusted the most common risk factors age and BMI in general demographic characteristics. ®Before PSM, Model | adjustments plus white blood cell
count, platelet count, glutamic-pyruvic transaminase, total cholesterol, LDL cholesterol, education level (adjusted the variables with P value less than 0.1 in Table | before
PSM). “After PSM, no variables were adjusted. “According to the quartile of urinary iAs content in the control group, the urinary iAs content were divided into reference
group, low, medium and high dose groups:Pys=1.3 pg/dL; Psg=2.2 pg/dL; P75=3.2 pg/dL. *Urinary iAs content was included in the logistic model as a continuous variable.
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Subgroup MetS/Participant OR(95%CI) P for interaction
Sex 0.022*
Male 118/248 1.014(0.809,1.272) (!

Female 130/248 1.474(1.180,1.858)* f—i

Age 0.869
250 112/225 1.213(0.951,1.555) =

>50 136/271 1.246(1.015,1.536)* e

BMI 0.578
<28 154/305 1.229(1.011,1.498)* o

228 94/191 1.234(0.948,1.616) =

Education level 0.255
llliteracy 22/35 1.136(0.492,2.600) +H—=——>

Primary Education 131/286 1.218(0.990,1.503) e

Junior middle Education 84/154 1.260(0.944,1.698) f—=—i

Senior middle Education 11/24 . 0.576(0.190,1.420) +=—-

and above

Family history of 0.196
hyperlipidemia

No 230/462 1.219(1.036,1.438)* b

Yes 18/34 2.189(0.966,5.752) —>
Eatinghabits 0.627
Meat-based 45/97 1.153(0.773,1.734) e
Vegetarian—based 28/43 0.822(0.379,1.731) +—=—-

Meat and vegetable 175/356 1.298(1.081,1.564)* e

Smoking 0.454
No 214/424 1.253(1.062,1.484)* Fe

Yes 34/72 1.020(0.610,1.712)  =—

Drinking 0.112
No 229/456 1.269(1.079,1.497)* e

Yes 19/40 0.713(0.344,1.409) +=—H

005115225

Figure 4 Relationship between urinary iAs and MetS in different subgroups. OR (95% Cl) greater than | indicates that iAs plays a predictive role in MetS. OR (95% ClI) less
than | indicates that iAs has a protective effect on MetS. * Denotes significance at a P value of <0.05.
Abbreviations: BMI, body mass index; OR, odds ratio; MetS, metabolic syndrome; iAs, inorganic arsenic.

most previously published studies, urinary iAs content varied from 0.56 to 1.50 pg/dL among people living in USA,
Arica.*** This study’s high level of urinary iAs was attributed to the fact that China is one of the countries affected by
endemic iAs poisoning. IAs endemic areas were concentrated in more than 10 provinces and regions such as Xinjiang,
Shanxi and Inner Mongolia.*' Peyziwat county is located in the southwest of Xinjiang Uygur Autonomous Region. Over
the past few years, the government has invested considerable money to improve water in iAs poisoning areas. The
monitoring data revealed that though water has been improved in Xinjiang drinking water endemic arsenism monitoring
village, large-scale centralized water improvement projects exceeding the standard remain.**

The results demonstrated that the increased content of urinary iAs was associated with the increased prevalence of
MetS. At present, there has been rare studies to prove the relationship between urinary iAs content and MetS. Among
residents in Taiwan’s industrial areas, hair iAs is associated with the clinical diagnosis of MetS.** However, Claire pace
et al, reported no association between iAs exposure and MetS, which contradicts the findings of this study.”* This might
be explained by the study’s modest iAs exposure. When the content of iAs are low, the relationship between iAs exposure
and MetS is not obvious.* In addition, it is unknown if or to what extent these variations between studies may be
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explained by changes in sample size, iAs exposure levels, measurement techniques, or other variables affecting urinary
iAs metabolism. The link between iAs exposure and MetS, in general, requires further investigation and observation.
More large-scale population tests are required in the future to prove the causal link. Although the mechanism between
iAs and MetS is unclear, relevant studies have demonstrated that oxidative stress was considered to result in MetS,**
hyperglycemia and obesity.*>*® At the same time, oxidative stress was associated with iAs exposure. Exposure to AS and
its metabolites will produce reactive oxygen species (ROS) and free radicals, hydroxyl radicals, nitric oxide and
superoxide anions in a variety of cell lines.*”*® Moreover, a human study conducted in a high iAs exposed population
in China reported that iAs exposed subjects showed higher oxidative stress (measured by using up-regulated lipid
peroxide serum levels) than control subjects. Moreover, this study reported a significant relationship between oxidative
stress and methylated AS metabolites.*” Accordingly, a relationship between iAs and oxidative stress and between
oxidative stress and MetS has been evidenced.

This study also discussed the relationship between the urinary iAs content and MetS among subgroups. As reported in
relevant literature, differences were identified among subgroups only when a significant interaction existed in the
subgroup analysis. Otherwise, it would cause excessive interpretation. Only the gender subgroup was shown to have
a significant interaction in this investigation. The findings revealed that, in comparison to males, women’s urinary iAs
content should be monitored more closely to avoid an increased occurrence of MetS.This is probably because women
have higher As methylation ability, ie, the higher proportion of dimethylarsinic acid (DMA) in women’s urine and the
lower proportion of iAs.’® This difference in methylation may be attributed to estrogen.’’ Estrogen levels can affect the
single carbon cycle (eg, choline),’ thereby increasing the proportion of monomethylarsonic acid (MMA) in urine.”
Another possible reason is the high obesity rate of local women. A survey from Xinjiang reported that obese and
abdominal obese women were higher than men.’* The obesity level (BMI) was negatively associated with MMA% and
positively associated with DMA% in women, whereas it was not in men.” Furthermore, relevant studies reported
a higher risk of MetS at low levels of MMA and a high proportion of DMA.**

As far as we know, the PSM has been extensively adopted to balance the differences between groups and reduce the
effect of confounding factors, which can overcome the problem of insufficient balance between case group and the
control in non-randomized controlled trials.”” At present, rare studies have utilized PSM to control confounding and
logistic regression to examine the relationship between the urinary iAs content and MetS. Moreover, the iAs exposure
range designed in this study was rather broad. At the sampling stage of the research design, stratifying the samples
according to their iAs content in water may more accurately depict the association between urinary iAs and MetS in
diverse iAs exposure situations. Besides, the analysis of this study on the relationship between urinary iAs content and
MetS presented more insights into this relationship in cohort studies associated with the Chinese population.

Conclusion

In brief, as indicated from the results of this study, increased urinary iAs content was associated with the increased
prevalence of MetS in a Chinese population. Moreover, The subgroup study also found that urinary iAs content was
a predictor of MetS in female patients, but it was not in the case of men. To avoid a rise in the occurrence of MetS, we
need to pay more attention to the iAs content in women’s urine. The effect of iAs metabolism on MetS needs further
discussion.
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