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Abstract
Background—Chronic arsenic exposure is a major global health problem. Few epidemiologic
studies, however, have evaluated the association of arsenic with kidney measures. Our objective
was to evaluate the cross-sectional association between inorganic arsenic exposure and
albuminuria in American Indian adults from rural areas of Arizona, Oklahoma and North and
South Dakota.

Study Design—Cross-sectional.
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Setting & Partipants—Strong Heart Study locations in Arizona, Oklahoma, and North and
South Dakota. 3,821 American Indian men and women 45 to 74 years of age with urine arsenic
and albumin measures.

Predictor—Urine arsenic.

Outcomes—Urine albumin/creatinine ratio and albuminuria status.

Measurements—Arsenic exposure was estimated by measuring total urine arsenic and urine
arsenic species using inductively coupled plasma-mass spectrometry (ICPMS) and high
performance liquid chromatography-ICPMS, respectively. Urine albumin was measured by
automated nephelometric immunochemistry.

Results—The prevalence of albuminuria (albumin-creatinine ratio, ≥30 mg/g) was 30%. The
median value for the sum of inorganic and methylated arsenic species was 9.7 (IQR, 5.8-15.6) μg/
g creatinine. The multivariable-adjusted prevalence ratios of albuminuria (albumin-creatinine
ratio. ≥30 mg/g) comparing the three highest to lowest quartiles of the sum of inorganic and
methylated arsenic species were 1.16 (95% CI, 1.00-1.34), 1.24 (95% CI, 1.07-1.43), and 1.55
(95% CI, 1.35-1.78), respectively (P for trend <0.001). The association between urine arsenic and
albuminuria was observed across all participant subgroups evaluated and was evident for both
micro and macroalbuminuria.

Limitations—The cross-sectional design cannot rule out reverse causation.

Conclusions—Increasing urine arsenic concentrations were cross-sectionally associated with
increased albuminuria in a rural US population with a high burden of diabetes and obesity.
Prospective epidemiologic and mechanistic evidence is needed to understand the role of arsenic as
a kidney disease risk factor.

Inorganic arsenic is a widespread toxicant and carcinogen that occurs naturally in the earth’s
crust. In the general population, the main sources of arsenic exposure are drinking water and
food. Chronic exposure to inorganic arsenic from drinking water is a worldwide public
health problem resulting from natural mineral deposits or improperly disposed arsenic
chemicals in groundwater.1-3 Dietary sources of arsenic are an increasingly recognized
concern for general populations as arsenic is found at relatively high concentrations in some
foods including rice, flour and certain juices. 4, 5 Occupational sources of arsenic exposure
have markedly decreased in developed countries in the last decades, including copper
smelters, the use of arsenic pesticides and herbicides, and the use of arsenic as a wood
preservative.6

In addition to playing a role in cancer,7 arsenic may be involved in the development of
cardiovascular disease,8-10 diabetes,11-13 and developmental and reproductive
abnormalities.14 Few epidemiologic studies, however, have evaluated the relationship
between arsenic exposure and chronic kidney disease outcomes. In China, high arsenic
exposure from burning contaminated coal (geometric mean 288 μg/g) was found to be
associated with albumin and other proteins in urine.15 In a population in Bangladesh with a
wide range of exposure to arsenic in drinking water (from <10 to >100 μg/L), arsenic
exposure was reported to be positively related to the prevalence of proteinuria.8 In
Southwestern Taiwan, in an area characterized by historically high arsenic levels in well
water (>500 μg/L), kidney disease mortality decreased after the installation of public water
supply systems and the reduction of arsenic in drinking water.8 In the US, arsenic levels in
drinking water are generally low,6 although it is estimated that around 13 million inhabitants
live in areas where arsenic in drinking water is above 10 μg/L, the US EPA standard for
arsenic in drinking water.16 In Southeastern Michigan (mean water arsenic 11 μg/L), an
ecological study found a positive association between moderate water arsenic concentrations
and kidney disease mortality.17 Additional epidemiological studies are needed to evaluate
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the association of arsenic with chronic kidney disease outcomes at low to moderate levels of
arsenic exposure, relevant for many communities around the world.

In this study, our objective was to investigate the relationship between arsenic exposure, as
measured in urine, with the presence of albuminuria in the Strong Heart Study (SHS). The
SHS is a population-based study funded by the National Heart Lung and Blood Institute to
evaluate cardiovascular disease and its risk factors in American Indian communities from
Arizona, Oklahoma, and North and South Dakota,18, 19 where the primary source of arsenic
exposure is through drinking water.19 Albuminuria, the excess of serum albumin in the urine
due to increased filtration through damaged glomeruli or decreased reabsorption in the
proximal tubules,20, 21 is an important risk factor for cardiovascular disease in this
population.22 In the SHS communities the primary source of arsenic exposure is through
drinking water, and we recently confirmed long-term exposure from low to moderate arsenic
levels.19 In this setting, it is essential to assess the potential for arsenic as a novel,
preventable risk factor for albuminuria.

METHODS
Study population

From 1989 to 1991, men and women 45-74 years of age from 13 tribes and communities
were invited to participate in the SHS 23. The goal was to recruit 1,500 participants per
region. In Arizona and Oklahoma, all community members were invited to participate. In
the Dakotas, a cluster sampling technique was used. The overall participation rate was 62%
and a total of 4,549 participants were recruited. We used data from 3,974 SHS participants
with urine arsenic measured at the baseline visit (1988-1991). We further excluded 1
participant missing data on albuminuria, 10 participants missing diabetes status, and 135
participants missing other variables of interest, leaving 3,821 participants for this analysis.
The SHS protocol and consent form were approved by local institutional review boards,
participating tribes and the Indian Health Service. All participants provided informed
consent.

Urine albumin and creatinine
Spot urine samples were collected in 1989-91, frozen within 1-2 hours of collection, and
stored at −80°C at the Penn Medical Laboratory, MedStar Health Research Institute
(Hyattsville, MD, and Washington, DC) 18. Urine albumin and creatinine were measured at
the Laboratory of the National Institute of Diabetes and Digestive and Kidney Diseases,
Epidemiology and Clinical Research Branch, Phoenix, Arizona, by an automated
nephelometric immunochemical procedure and an automated alkaline picrate methodology,
respectively.18 To account for urine dilution, urine albumin concentrations were divided by
urine creatinine concentrations. In addition to albumin concentrations, we defined
albuminuria as an albumin-creatinine ratio (ACR) of ≥30 mg/g, as based on standard
guidelines24 and in previous SHS studies.22, 23 We also defined microalbuminuria as ACR
between 30 and <300 mg/g and macroalbuminuria as ACR ≥300 mg/g.24

Urine arsenic
From the same urine sample that had been used to measure urine albumin and urine
creatinine, up to 1.0 mL of urine per participant was transported on dry ice to the Trace
Element Laboratory of the Institute of Chemistry-Analytical Chemistry, Karl Franzens
University (Graz, Austria) in 2009. Total arsenic concentrations in urine samples were
measured by inductively coupled plasma mass spectrometry (ICPMS) (Agilent 7700x
ICPMS, Agilent Technologies), and arsenic species were determined with high performance
liquid chromatography (HPLC; Agilent 1100) coupled to ICPMS (HPLC-ICPMS), which

Zheng et al. Page 3

Am J Kidney Dis. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



served as the arsenic selective detector. Arsenic speciation can distinguish arsenic species
that are directly related to inorganic arsenic exposure (arsenite, arsenate, monomethylarsonic
acid [MMA], and dimethylarsinic acid [DMA]) from those related to organic arsenicals in
seafood (arsenobetaine), which are generally nontoxic.6 The analytical methods used in
these analyses and the associated quality control criteria have been described in detail.25 The
limit of detection for total arsenic, and for inorganic arsenic (arsenite+arsenate), MMA,
DMA and arsenobetaine plus other cations was 0.1 μg/L. The percentages of participants
with concentrations below the limit of detection were 0.03% for total arsenic, 5.2% for
inorganic arsenic, 0.8% for MMA, 0.03% for DMA, and 2.1% for arsenobetaine plus other
cations. For participants with arsenic species below the limits of detection, levels were
imputed as the corresponding limit of detection divided by the square root of two. An in-
house reference urine and the Japanese National Institute for Environmental Studies (NIES)
No 18 Human urine were analyzed together with the samples. The inter-assay coefficients of
variation for total arsenic, inorganic arsenic, MMA, DMA and arsenobetaine for the in-
house reference urine were 4.4%, 6.0%, 6.5%, 5.9%, and 6.5%, respectively.25 Urine
concentrations of arsenobetaine and other cations were very low (median, 0.69 μg/g;
interquartile range, 0.41-1.57 μg/g), confirming that seafood intake was low in this
population. Urine arsenic concentrations (μg/L) were divided by urine creatinine
concentrations (g/L) to account for urine dilution and expressed in μg/g creatinine.

Other variables
Sociodemographic (age, gender, education) and life-style (smoking status, and alcohol
status) information at baseline was collected by trained and certified interviewers using a
standardized questionnaire 18. Physical exam measures (height, weight, systolic and
diastolic blood pressure) were performed by centrally trained nurses and medical assistants
following a standardized protocol. Methods to measure blood pressure, body mass index,
fasting glucose and 75-g oral glucose tolerance test (OGTT), HbA1c, and plasma fibrinogen
have been described.26-28 Diabetes was defined as a fasting glucose level of ≥126 mg/dL, a
2-h post-load plasma glucose level of ≥200 mg/dL, an HbA1c concentration of ≥6.5%, or
the use of insulin or an oral hypoglycemic agent. Plasma creatinine was measured by an
alkaline-picrate rate method. As described previously,29 estimated glomerular filtration rate
(eGFR) was calculated from recalibrated creatinine, age and sex using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula29a without an ethnicity factor.

Statistical analyses
Statistical analyses were performed in Stata IC 11.2 (Stata Corporation). In addition to total
arsenic, we calculated the sum of inorganic and methylated arsenic species as an additional
measure of exposure to inorganic arsenic. Urine concentrations of total arsenic, the sum of
inorganic and methylated species, and albumin were right skewed and log transformed for
the analyses. Quartiles were generated based on the distribution of urine arsenic
concentrations in the overall study sample.

Linear models were used to estimate adjusted ratios of the geometric means of urine
albumin concentrations by urine arsenic concentrations. Logistic regression models were
used to estimate adjusted odds ratios for the prevalence of urine ACR ≥30 mg/g by urine
arsenic concentrations. Since the prevalences of urine ACR ≥30 mg/g were high and
prevalence odds ratios overestimated prevalence ratios, we used the results of logistic
regression models to estimate marginally adjusted prevalences of urine ACR ≥30 mg/g by
urine arsenic concentrations and then calculated prevalence ratios. 95% confidence intervals
for the prevalence ratios were generated using the delta method.30 In both linear and logistic
regression models, arsenic concentrations were entered as quartiles (comparing quartiles 2-4
to the lowest quartile), log-transformed (comparing an interquartile range in log-transformed
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arsenic levels) and as restricted quadratic splines with knots at the 10th, 50th, and 90th
percentiles of the log-arsenic distribution (to evaluate the dose-response relationship in a
flexible manner), in separate models. P-values for linear trend were obtained by including in
the regression model a continuous variable with the medians corresponding to each quartile
of the arsenic distribution.31

In addition to estimating crude models, we estimated both linear and logistic regression
models with progressive degrees of adjustment. Initially, we adjusted for demographic and
lifestyle factors including sex (male, female), age (continuous), study region (Oklahoma,
Arizona, North and South Dakota), body mass index (continuous), education (years of
education), smoking status (never, former, current), and alcohol status (never, former,
current). Then, we further adjusted for health conditions such as diabetes (yes/no), systolic
blood pressure (continuous), hypertension medication (yes/no), and eGFR (continuous).
Finally, we further adjusted for concentrations of urine cadmium (log-transformed), another
widespread metal that is an established nephrotoxicant. We also ran multinomial logistic
models to estimate the prevalence ratio of microalbuminuria (30 to <300 mg/g) and
macroalbuminuria (≥300 mg/g) to normal levels, and additional logistic regression models
to compare macro vs. microalbuminuria by increasing urine arsenic levels.

The association between urine ACR of ≥30 mg/g and urine arsenic was evaluated in fully
adjusted models stratified by sex (male, female), age (<50 years, 50 - 65 years, >65 years),
study location (Oklahoma, Arizona, North and South Dakota), body mass index (<25 kg/m2,
25-29 kg/m2, >29 kg/m2), education (no high school, some high school, completed high
school), smoking status (never, former, current), alcohol status (never, former, current),
diabetes status (yes, no), hypertension medication (yes, no), eGFR category (≤60 ml/min/
1.73m2, >60 ml/min/1.73m2), fibrinogen (<264 mg/dl, 264 - 324 mg/dl, and >324 mg/dl)
and urine cadmium category (<0.7 μg/g, 0.7 - 1.21 μg/g, and >1.21 μg/g). To test for effect
modification, interaction terms were generated as the product of urine arsenic concentration
and the participant subgroups of interest. The p-value for interaction terms was determined
using a bootstrapping procedure with 1000 repetitions, a more stable approach when sample
sizes are small.32 We had no a priori hypotheses for effect modification by participant
characteristics, except for urine cadmium, for which a synergistic interaction was supported
by limited epidemiologic and experimental evidence.15, 33 We ran several sensitivity
analyses. First, we repeated full models to estimate prevalence ratios using Poisson
regression, with similar results (data not shown). Second, we repeated the analyses adjusting
for urine creatinine separately instead of dividing urine arsenic concentrations by urine
creatinine, also with similar findings (data not shown). Third, we adjusted for educational
levels using 4 categorical variables (no high school, some high school, completed high
school, beyond high school) instead of years of education with no differences in the
associations between arsenic and albuminuria (data not shown). Fourth, we repeated the
analyses for the sum of inorganic and methylated arsenic species and albuminuria excluding
participants with undetectable inorganic arsenic, MMA, or DMA (n=213) with consistent
findings (data not shown).

RESULTS
Median urine concentrations were 12.8 μg/g for total arsenic and 9.7 μg/g for the sum of
inorganic and methylated arsenic species. The Spearman correlation coefficients were 0.90
for total arsenic and the sum of inorganic and methylated species, 0.36 for arsenobetaine and
total arsenic, and 0.13 for arsenobetaine and the sum of inorganic and methylated species.
The sum of inorganic and methylated species were higher in men, in Arizona and the
Dakotas compared to Oklahoma, in participants with lower education, in participants with
higher systolic blood pressure, in current drinkers, in diabetics, and in participants with urine
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ACR ≥30 mg/g (Table 1). Similar associations were found for total arsenic, except higher
total arsenic concentrations in women (Table S1, provided as online supplementary
material).

The prevalence of urine ACR ≥30 mg/g was 30.0% (Table 2). Compared to those with urine
ACR <30 mg/g, participants with urine ACR ≥30 mg/g were more likely to live in Arizona,
have lower education levels, higher body mass index (BMI), be never and former smokers,
have diabetes, take anti-hypertensive medication, and have higher systolic blood pressure,
lower eGFR levels and higher fibrinogen levels.

Urine arsenic was positively associated with the prevalence of urine ACR ≥30 mg/g (Table
3, Figure 1). The fully adjusted prevalence ratios for urine ACR ≥30 mg/g comparing
participants in the highest to lowest arsenic quartiles were 1.42 (95% CI, 1.24-1.64) for total
arsenic and 1.55 (95% CI, 1.35-1.78) for the sum of inorganic and methylated species (Table
3, model 4). The association was present for both micro and macroalbuminuria, although the
association was somewhat stronger for macroalbuminuria (Table 4). Urine arsenic
concentrations were also positively associated with urine albumin concentrations in
regression models (Table S2). Comparing the highest to lowest quartile, urine albumin
concentrations were 1.58 (95% CI, 1.33-1.88) and 1.67 (95% CI, 1.39-2.00) times higher for
total arsenic and for the sum of inorganic and methylated arsenic species, respectively
(Table S2, Model 4).

The positive association between arsenic and the prevalence of urine ACR ≥30 mg/g was
observed across all participant subgroups evaluated, although the association was stronger in
younger participants and in participants with higher education levels (Table S3). We found
no evidence of effect modification for the association between arsenic and albuminuria by
urine cadmium concentrations.

Finally, we evaluated the association between albuminuria and arsenic metabolism, as
measured in %MMA. After adjustment for age in years, sex, study location, body mass
index (kg/m2), education in years, smoking status, alcohol status, systolic blood pressure,
hypertension medication (yes or no), diabetes status (yes or no), eGFR category (≤60 mL/
minute/1.73m2), urine cadmium (log-transformed), fibrinogen (mg/dl) and urine arsenic (μg/
g creatinine), the prevalence ratios comparing quartiles 2-4 of %MMA (10.8%-13.9%,
14.0%-17.5%, and ≥17.6 %) to the lowest quartile (<10.8%) were 0.87 (95% CI. 0.77-0.98),
0.91(95% CI, 0.01-1.02), and 0.88 (95% CI, 0.77-1.00), respectively, (p for trend = 0.11).

DISCUSSION
Exposure to inorganic arsenic, as measured in urine, was positively associated with
increased urine albumin concentrations and with urine ACR ≥30 mg/g in men and women
from rural communities in Arizona, Oklahoma and North and South Dakotas. The
associations persisted after adjustment for demographic and kidney disease risk factors and
were observed for both micro and macroalbuminuria. The associations were also observed in
all population-subgroups evaluated, although they were stronger in some subgroups,
including younger participants and more educated participants. These findings should be
interpreted with caution, as we had no a priori hypotheses regarding these subgroups.
Finally, we found no evidence of effect modification in albuminuria by urine cadmium
concentrations, despite limited epidemiologic and experimental evidence suggesting
potential synergy between arsenic and cadmium.15, 33

Previous studies of arsenic and kidney measures have generally been conducted in
populations with arsenic exposure levels higher than those in the Strong Heart Study. In a
population-based study conducted in Guizhou, China, 122 individuals exposed to arsenic
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from burning coal (urine arsenic geometric mean 288.4 μg/g) had higher urine albumin, β2-
microglobulin (β2MG), and N-acetyl-β-D-glucosaminidase (NAG) concentrations compared
to 123 unexposed participants (urine arsenic geometric mean 56.2 μg/g).15 Arsenic and
cadmium exposure were associated with increased excretion of albumin, β2MG, and NAG
after controlling for possible confounders.33 Moreover, there was a synergistic effect
between arsenic and cadmium co-exposures on urine albumin and NAG concentrations.15 In
Zhejiang, China, moderate arsenic exposure (mean urine arsenic 35 μg/g creatinine) was
associated with urine albumin concentrations but not with several tubular markers, including
NAG, β-2 microglobulin and retinol binding protein.34, 35 Like our study, however, they
found no effect modification by cadmium levels.34, 35 In a large population-based study
from Araihazar, Bangladesh (N=10,160), both arsenic measured in drinking water (lowest
quintile, ≤7 μg/L; highest quintile, 180-864 μg/L; mean, 99 μg/L) and urine arsenic
concentrations (lowest quintile, <36 μg/L; highest quintile, ≥115 μg/L) were positively
associated with the prevalence and incidence of proteinuria measured qualitatively.8 The
adjusted odds ratios comparing the highest to the lowest quintile were 1.65 for drinking
water arsenic and 1.65 for urine arsenic. In Bangladesh, the study population was
characterized by low body mass index and low prevalence of diabetes,8 while in our study
both obesity and diabetes were very common.23, 36

Few experimental studies have specifically evaluated the renal effects of arsenic exposure in
animal models. In dogs, short-term administration of sodium arsenate (0.73 mg/kg) results in
vacuolation of the renal tubular epithelium, while higher doses (14.66 mg/kg) result in
moderate glomerular sclerosis and severe tubular necrosis.37 In mice, arsenic exposure via
drinking water (22.5 mg/L) increases urine NAG but not urine albumin concentrations.38 In
that model, mice given both arsenic in drinking water and cadmium in food exhibit increases
in urine protein and NAG excretion that are markedly higher compared to mice given
cadmium or arsenic alone.38 The mechanisms underlying arsenic-induced nephrotoxicity are
likely to be complex. Mechanistic evidence suggests that arsenic increases inflammation, as
measured by increased interleukin 6 and interleukin 8 expression.39 and reactive oxygen
species pathways.40, 41 These mechanisms could play a role in arsenic related kidney
damage.42 Widespread vascular endothelial dysfunction or chronic low-grade inflammation
may also be underlying mechanisms for albuminuria.43 Arsenic has been associated with
vascular cell adhesion molecule 1 (VCAM-1),44, 45 a biomarker of endothelial dysfunction
that is also a surrogate of increased cardiovascular risk.46, 47 In our study, adjustment for
fibrinogen, a non-specific inflammatory marker, did not modify the association between
arsenic and albuminuria. Arsenic could also contribute to kidney damage and albuminuria
through diabetes effects. Arsenic has been associated with diabetes in some12, 13 but not
all48 epidemiological studies. Substantial mechanistic evidence also supports a role for
arsenic in the development of diabetes.49-51 Epidemiologic52, 53 and experimental53, 54

evidence, moreover, indicates that arsenic could induce more severe nephrotoxic effects in
the presence of diabetes.

Strengths of this study include high quality and standardized protocols for recruitment,
interviews, physical examinations, collection and storage of biological samples, and
laboratory procedures to determine urine albumin and arsenic concentrations. The use of
urine arsenic to reflect arsenic exposure is an additional strength, as urine arsenic integrates
all sources of exposure and it has been selected as the biomarker of choice for epidemiologic
studies.55 While the half-life of arsenic is relatively short, urine arsenic concentrations were
relatively constant over a 10-year period,19 indicating that exposure through drinking water
and diet remained unchanged and supporting the use of a single biomarker to reflect long-
term arsenic exposure in this population.
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Our study has several limitations. First, this is a cross-sectional study and reverse causation
may be an issue. Experimental evidence suggests that arsenic binds to proteins.56-61 Two
arsenic binding sites have been found on bovine serum albumin, 56, 62 and arsenite has been
found to bind serum albumin in vitro under physiological conditions.63 The binding of
arsenic and albumin in serum could result in higher albumin in urine with increasing arsenic
exposure or in higher arsenic in urine in individuals with albuminuria. Evidence from
Bangladesh, however, showed that proteinuria was associated with arsenic in drinking water
and not just with urine arsenic and that urine arsenic was associated with incident
proteinuria,8 suggesting that reverse causation was unlikely to explain the associations.
Second, we used spot urine samples, which must be adjusted for urine dilution. In our study
we used urine creatinine to correct for urine dilution. While specific gravity has been used as
an alternative in some populations, it is not suitable in our study population with a high
prevalence of diabetic glucosuria and albuminuria.64, 65 Third, water samples were not
collected or measured for arsenic content, although previous studies have found similar
associations with proteinuria for arsenic in urine and in drinking water.8 Fourth, we cannot
discard the possibility of residual confounding by socioeconomic factors or environmental
factors, although the associations persisted after adjustment for education and urine
cadmium concentrations. Finally, our study was conducted in a population with a high
burden of albuminuria, obesity and diabetes, and it is uncertain if our findings can be
generalized to populations with a different disease profile.

In conclusion, at the low to moderate levels of arsenic exposure present in rural communities
in the US with a high burden of diabetes and obesity, increasing urine arsenic concentrations
were cross-sectionally associated with increased albuminuria. While we cannot discard
reverse causation, kidney effects may add to the potential carcinogenic,7, 66

cardiometabolic,9, 49, 67 and developmental14 health effects related to low-moderate
exposure to inorganic arsenic from drinking water and food. Prospective epidemiologic
studies and mechanistic experimental research needs to be conducted to understand the role
of arsenic as a kidney disease risk factor.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Prevalence ratio of albuminuria by sum of inorganic and methylated arsenic species. Lines
represent prevalence ratios (solid line) and 95% confidence intervals (dotted line) based on
restricted quadratic spline models for log transformed arsenic with 3 knots. The reference
was set at the 10th percentile of the urine arsenic biomarker distribution. Prevalence ratios
were adjusted for age (continuous), sex, study region, body mass index (continuous),
education, smoking status, alcohol status, diabetes status, hypertensive medication, systolic
blood pressure (continuous), eGFR (continuous) and fibrinogen (mg/dl) and urine cadmium
(log-transformed).
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Table 4

Ratio of prevalence of albuminuria in those with arsenic (inorganic + methylated) concentrations at the 75th vs
25th percentile

Albuminuria Microalbuminuria Macroalbuminuria Macro- vs
Microalbuminuria

Cases/Noncases 1147/2674 719/2674 428/2674 428/719

Model 1 1.63 (1.49-1.78) 1.51 (1.34, 1.70) 1.87 (1.58, 2.21) 1.14 (1.00, 1.29)

Model 2 1.52 (1.39, 1.67) 1.34 (1.18, 1.52) 1.44 (1.21, 1.72) 1.05 (0.91, 1.20

Model 3 1.28 (1.18, 1.39) 1.21 (1.07, 1.37) 1.37 (1.19, 1.58) 1.15 (1.02, 1.29)

Model 4 1.26 (1.16, 1.36) 1.22 (1.08, 1.38) 1.28 (1.11, 1.48) 1.08 (0.96, 1.22)

Note: Unless otherwise indicated, data presented as prevalence ratio (95% CI). Here, arsenic level is sum of inorganic and methylated arsensic,
expressed in μg/g. Albuminuria defined as urinary albumin-creatinine ratio (ACR) of ≥30 mg/g; microalbuminuria, as ACR 30 to <300 mg/g; and
macroalbuminuria, as ACR ≥300 mg/g. Model 1 is crude. Model 2 is adjusted for age (continuous), sex, study region, body mass index
(continuous), education, smoking status, and alcohol status. Model 3 further includes diabetes status, hypertensive medication, and systolic blood
pressure (continuous), eGFR (continuous) and fibrinogen (mg/dl) Model 4 further includes urine cadmium (log-transformed).
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