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Background Proteinuria has been recognized as a marker for an increased risk of
chronic renal disease. It is unclear whether arsenic (As) exposure
from drinking water is associated with proteinuria.

Methods We evaluated the association between As exposure from drinking
water and proteinuria in 11 122 participants in the Health Effects of
Arsenic Longitudinal Study (HEALS). Proteinuria was detected by
urinary dipstick tests at baseline and at 2-year intervals. As expos-
ure variables included baseline well As and changes in urinary As
during follow-up modelled as time-dependent variables in the
analyses.

Results At baseline, well As was positively related to prevalence of protein-
uria; prevalence odds ratios (PORs) for proteinuria in increasing
quintiles of well As (47, 8–39, 40–91, 92–179 and 180–864 mg/l)
were 1.00 (ref), POR 0.99 [95% confidence interval (CI)
0.77–1.27], POR 1.23 (95% CI 0.97–1.57), POR 1.50 (95% CI
1.18–1.89) and POR 1.59 (95% CI 1.26–2.00) (P for trend <0.01).
Hazard ratios for incidence of proteinuria were POR 0.83 (95% CI
0.67–1.03) and POR 0.91 (95% CI 0.74–1.12) for participants with a
decreasing level of 470 and 17–70 mg/l in urinary As over time,
respectively, and were POR 1.17 (95% CI 0.97–1.42) and POR 1.42
(95% CI 1.16–1.73) for participants with an increasing level of
16–68 and 468 mg/l in urinary As over time, respectively, compared
with the group with relatively little changes in urinary As as the
reference group (urinary As �16 to 15 mg/l).

Conclusion The findings suggest that there are adverse effects of As exposure
on the risk of proteinuria and the effects are modifiable by recent
changes in As exposure.
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Introduction
Inorganic arsenic (As) exposure from drinking water
has been linked to an elevated risk of internal can-
cers,1–6 diabetes7–9 and cardiovascular disease
(CVD).10–14 Several studies with As exposure mea-
sured ecologically have reported a positive association
between As exposure, non-malignant chronic kidney
diseases, and microvascular diseases such as renal
dysfunction.15–18 However, the evidence has not
been well established because the studies have been
limited to using ecological measures of the exposure
and/or the disease. In addition, neither a biological
mechanism nor the effect of low to moderate levels
of exposure is clear.

Proteinuria, or albuminuria, is the presence of an
excess of serum proteins in the urine due to damaged
glomeruli, the tiny tufts of capillaries that filter blood
in the kidney. Proteinuria has long been recognized as
a marker for renal disease. Proteinuria is also a
well-known predictor of poor renal outcomes in pa-
tients with type 2 diabetes and essential hyperten-
sion.19,20 Risk factors including glucose and
cholesterol levels, body mass index (BMI) and blood
pressure that are related to renal disease have also
been independently associated with incident protein-
uria.21 Studies of As exposure and markers of chronic
kidney disease such as proteinuria in populations
exposed to a wide range of As levels may extend
our knowledge on the biological basis of the relation-
ship between As exposure and renal disease.

It has been estimated that 13 million Americans have
been exposed to 10–50 mg/l of As.22,23 In Bangladesh,
more than 50 million people have been chronically
exposed to drinking groundwater with As concentra-
tions exceeding the WHO standard (10 mg/l).24 In
2000, we established a prospective cohort study of
11 746 individuals in Araihazar, Bangladesh, to
assess As-related health effects. The average duration
of exposure to well As levels assessed at baseline was
8 years.25 In addition, at baseline, we implemented an
As mitigation program in the study area to promote
well switching to safe wells, i.e. wells yielding water
with an As concentration less than the Bangladesh
standard of 50 mg/l. Within 2 years since baseline, a
total of 58% of the 6512 participants with unsafe
wells (As 550 mg) at baseline had responded by
switching to other wells.26 The implementation of
As mitigation interventions in the cohort provides a
unique opportunity to evaluate the health effects
related to changes in As exposure over time. With
chronic and continuing exposure, steady-state con-
centrations of As in urine are achieved, and urinary
As can serve as a good biomarker for long-term con-
tinuing exposure and for tracking changes in expos-
ure due to intervention over time. In the present
study, we conducted cross-sectional and cohort ana-
lyses to evaluate the associations of As exposure, mea-
sured both in water and repeated urinary samples,
with the risk of proteinuria detected by urine dipstick.

Methods
Study participants
The Health Effects of Arsenic Longitudinal Study
(HEALS) is an ongoing prospective cohort study in
Araihazar, Bangladesh. Details of the study methodol-
ogies have been presented elsewhere.27,28 Briefly, prior
to subject recruitment, water samples and geographic
positional system (GPS) data were collected for 5966
contiguous wells in a well-defined geographical area
of 25 km2 in Araihazar. Between October 2000 and
May 2002, 11 746 men and women were recruited,
with a participation rate of 97.5%.27 Information on
demographic and lifestyle variables was collected
using a standardized questionnaire at baseline and
follow-up visits. Blood pressure was measured by
trained clinicians using an automatic sphygmoman-
ometer as previously described.29 Participants who
had a self-reported physician diagnosis of diabetes
prior to baseline were retrospectively identified from
data collected at the first follow-up, as previously
described.30 The comparison between self-reported
diabetes status and test results for blood glycosylated
haemoglobin (HbA1c) and glucosuria suggested valid-
ity of the questionnaire data.30

The cohort is being followed with in-person visits at
2-year intervals. The first 2-yearly follow-up visit took
place between June 2002 and June 2004, and the
second took place between September 2004 and
November 2006. Verbal consent was obtained from
study participants and the study procedures were
approved by the Institutional Review Boards of
Columbia University and University of Chicago and
also the Ethical Committee of the Bangladesh
Medical Research Council. The present study utilized
data collected up to the second follow-up visit. A total
of 888 participants had either died (n¼ 219), moved
out of the study area (n¼ 504) or were lost (n¼ 165)
during the follow-up.

A spot urine sample was collected in 50-ml
acid-washed tubes from 95.6, 94.5 and 91.2% of the
total cohort participants at baseline, first follow-up
and second follow-up visits, respectively. Urine sam-
ples were kept in portable coolers immediately after
collection. Within 2–8 h, urine samples were processed
and transferred to �208C freezers in the study office
located in Dhaka city. All samples were kept frozen
and shipped to Columbia University on dry ice within
1–2 months.

Proteinuria
At the time of baseline and each of the follow-up
visits, dipstick urinalysis was performed by a trained
physician on freshly evacuated spot urine samples col-
lected from the participants using the Chemstrip
Micral Test Strips (Roche Diagnostics, USA). The
study physicians were blinded to urinary As and
well As level.25 The results of the urine test were
based on a colour scale that quantified proteinuria
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as absent, trace,530,4100 and4500 mg/dl. In the pre-
sent study, proteinuria was defined as a dipstick find-
ing with trace,430,4100 or4500 mg/dl protein in the
urine.

As exposure measurements
Prior to baseline subject recruitment, water samples
from all 5966 tube wells in the study area serving the
source population were collected in 50-ml acid-washed
tubes following well pumping for 5 min.31,32 Total As
concentration was determined by graphite furnace
atomic-absorption spectrometry (GFAA) with a
Hitachi Z-8200 system at the Lamont–Doherty Earth
observatory of Columbia University.31 Samples (21%)
that fell below the detection limit of GFAA (5 mg/l)
were subsequently analysed by inductively coupled
plasma mass spectrometry (ICP-MS), which has a de-
tection limit of 0.1 mg/l.33 All the samples were detect-
able by ICP-MS. Analyses for time-series samples
collected from a sample of 20 tube wells in the study
area showed that the As concentration in well water is
relatively stable over time.33

Total urinary As concentration in urine samples col-
lected at baseline and all the follow-up visits
were measured by GFAA, using a Perkin-Elmer
Analyst 600 graphite furnace system, as previously
described.34 Urinary creatinine was analysed using a
method based on the Jaffe reaction for adjustment of
urinary total As concentration.35 In a random 10% of
participants, inorganic As (AsV and AsIII) and its me-
tabolites monomethylarsonate (MMA) to dimethylar-
sinate (DMA) accounted for 96% of total urinary As,
whereas arsenobetaine and arsenocholine, derived
mainly from dietary intakes of certain marine fish,
together accounted for 3%. The correlation of well
water As with total urinary As, DMA, and MMA con-
centrations were 0.70, 0.61 and 0.57, respectively,
indicating a good relative validity of total urinary As
as a reflection of As exposure from well water.

Statistical analyses
We first conducted descriptive analyses to compare
participants with and without proteinuria at baseline,
as well as participants who never had proteinuria at
any of the follow-up visits, with respect to baseline
characteristics. Pair-wise correlations for urinary As at
each visit were calculated using urinary creatinine-
adjusted As.

Unconditional logistic regression was used to evalu-
ate the cross-sectional relationships of baseline well
As and urinary As with the prevalence of proteinuria
at baseline. We estimated prevalence odds ratios
(PORs) for proteinuria in relation to As exposure
levels, adjusting for potential confounding variables
including age, gender, educational attainment, smok-
ing status, BMI, systolic blood pressure (SBP) and
diastolic blood pressure (DBP) and diabetes status.30

Effect estimates in relation to urinary As were add-
itionally adjusted for urinary creatinine level. Urinary

creatinine was adjusted by including it as a separate
independent variable in the model, as recommended
by Barr et al.36 and Gamble and Liu,37 to allow the
statistical significance of other variables in the model
to be independent of effects of creatinine concentra-
tion. There were 11 122 participants with a valid urine
dipstick test at baseline (99.1% of those who gave a
urine sample), of which 166 subjects were excluded
because they were missing on at least one of the cov-
ariates of interest (Figure 1).

Proteinuria is a well-known predictor of poor renal
outcomes in patients with type 2 diabetes and essen-
tial hypertension19,20 and As exposure has been asso-
ciated with both of these conditions. Therefore,
in addition to control for diabetes status and both
SBP and DBP, analyses were conducted with exclu-
sion of individuals with high blood pressure (SBP
5140 mmHg or DBP 590 mmHg) or individuals
with history of diabetes at baseline. Among the first
2100 cohort participants, we measured HbA1c, a
long-term marker of plasma glucose concentration.
Among these individuals, we estimated PORs for
proteinuria in relation to As exposure levels with
adjustment for HbA1c and also with exclusion of
participants with a high HbA1c level (45.5%).

The prospective cohort analyses included 10 160 par-
ticipants with a negative urine dipstick test at base-
line and non-missing values on the covariates of
interest (Figure 1). We considered a positive finding
for proteinuria at any of the two follow-up visits as
our primary outcome. Cox proportional hazard
models, which have been used in other cohort studies
with repeated dipstick tests over time,21 were used to
compare the incidence of proteinuria across different
levels of baseline well As, baseline urinary As, and
change in urinary As since last visit. We estimated
hazard ratios (HRs) for the association between ar-
senic exposure variables and proteinuria adjusting
for the above-mentioned potential confounders.
Specifically, change in urinary As since the last visit
was modelled as a time-dependent variable because
the value varied visit by visit. Baseline age, blood

11746 participants enrolled at baseline 

11123 with proteinuria test results 

10957 for cross-sectional analysis 

623 with no urine samples or 
test for proteinuria 

166 missing on any of 
the covariate variables 

796 prevalent cases at 
baseline 

10160 for prospective cohort analysis 

Figure 1 Health effects of arsenic longitudinal study
(HEALS). Covariate variables include urinary creatinine,
age, gender, BMI, cigarette smoking status, education
length, systolic blood pressure, diastolic blood pressure and
diabetes status
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pressure, educational attainment, BMI and smoking
status were treated as time-invariate variables.

Proteinuria status at follow-up was considered cen-
sored for those who died, moved, lost to follow-up or
did not give urine samples at follow-up. We calcu-
lated person-years of observation from the date of
baseline visit to the date of follow-up visit with the
first positive testing for participants with proteinuria;
to death date for those who had died; to the date of
move (reported by close relatives or neighbours) for
those who moved; and to the date of last follow-up
visit for those who tested negative on all the dipstick
tests. For the 165 subjects who were lost to follow-up,
person-years of observation were considered from
baseline to the midpoint between last visit and
follow-up visit. We repeated the analyses excluding
these subjects and the results did not change appre-
ciably (data not shown). Separate dummy variables
for the time-dependent urinary As variables were cre-
ated for participants who did not give urine samples
at first (n¼ 515) or second follow-up visit (n¼ 534).
Analyses were also conducted for the 9096 partici-
pants free of proteinuria at baseline with urinary As
values available at all three visits; since results were
similar they are not shown. Seafood intakes were not
related to urinary As in our population (Hall M, un-
published results). Additional analyses were con-
ducted to control seafood intakes measured by a
validated food frequency questionnaire designed for
the study population.38 However, results were similar
and therefore are not shown. Sensitivity analyses
were also conducted using As measures that

incorporated duration of well usages and amount of
water consumption such as the time-weighted As
concentration and the cumulative As index, as
described previously.25 These measures were highly
correlated with well As in the study population; the
analysis results using these measures were similar
and therefore are not presented. All analyses were
conducted using the SAS 9.1.3 statistical package for
Windows (SAS Institute Inc., Cary, NC, USA).

Results
The prevalence of proteinuria at baseline was 7.25%,
toward the high end of prevalence that has been re-
ported in the literature, ranging from 2.4 to 10% in
different populations.39 The comparison of prevalent
cases of proteinuria and non-cases at baseline showed
that cases were older, had a higher level of BMI, edu-
cational attainment and blood pressure (Table 1).
Compared with participants who did not have pro-
teinuria during the follow-up period, incident cases
were older and had a higher level of baseline blood
pressure.

In cross-sectional analyses, we found a dose–
response relationship between baseline well As and
proteinuria (Table 2); the PORs for proteinuria
increased with increasing quintiles of baseline well
As (P-value for trend <0.01). The ORs for proteinuria
comparing the higher four quintiles with the bottom
quintile of total urinary As were also elevated.
However, there appears to be a threshold effect

Table 1 Baseline characteristics by proteinuria status

Baseline variables

Study population for
cross-sectional analysis

Study population for
cohort analysis

Non-cases of
proteinuria
at baseline
(n¼ 10 160)

Prevalent
cases of

proteinuria
(n¼ 796) P-valuea

Never cases
of proteinuria

(n¼ 9130)

Incident cases
of proteinuria

(n¼ 1030) P-valuea

Age in years, mean (SD) 37.0 (10.0) 39.2 (11.3) <0.01 36.8 (10.0) 38.4 (10.3) 0.01

BMI in kg/m2, mean (SD) 19.7 (3.1) 20.1 (3.7) 0.01 19.7 (3.1) 19.8 (3.4) 0.32

Education in years, mean (SD) 3.5 (3.8) 4.0 (4.1) <0.01 3.5 (3.8) 3.4 (3.8) 0.71

Male (%) 43.4 43.1 0.88 43.6 41.3 0.15

SBP in mmHg, mean (SD) 114.5 (17.5) 117.8 (22.4) <0.01 114.4 (17.5) 115.5 (17.6) 0.05

DBP in mmHg, mean (SD) 73.8 (11.7) 76.3 (13.4) <0.01 73.7 (11.7) 74.8 (12.0) <0.01

Urinary creatinine in
mg/dl, mean (SD)

56.6 (43.7) 82.2 (59.5) <0.01 56.0 (43.3) 62.6 (46.3) <0.01

Smoking status

Past smokers (%) 6.6 7.3 0.77 6.5 7.6 0.15

Current smokers (%) 29.2 28.8 29.4 27.6

History of diabetes (%) 1.6 2.6 0.04 1.4 3.5 <0.01

HbA1c (%)b 4.9 5.3 0.02 4.9 5.0 0.14

aP-values for �2 test or t-tests.
bBased on a subgroup of 2044 subjects.
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since the magnitude of the ORs was similar.
Multivariate analysis was also performed in partici-
pants with no history of diabetes and in the subpo-
pulation with longer term As exposure from the
baseline well, defined as those consumed water
from the baseline well for 45 years. The positive as-
sociations remained similar in these subgroup ana-
lyses (data not shown). For instance, among
participants free of diabetes (n¼ 10936), the adjusted
PORs for proteinuria were 1.00 (ref.), POR 1.03 (95%
CI 0.80–1.33), POR 1.29 [95% confidence interval
(CI) 1.01–1.66], POR 1.48 (95% CI 1.17–1.89) and
POR 1.59 (95% CI 1.25–2.01) in increasing quintiles
of well As. Among the 2100 cohort members with
HbA1c data available, we estimated PORs for protein-
uria with additional adjustment for HbA1c. Due to
the limited sample size, we treated As exposure
variable as a continuous variable and estimated
PORs in relation to every 100-mg/l increase in baseline
well As concentration. The POR for proteinuria was
1.18 (95% CI 1.03–1.36) before the adjustment
and was 1.19 (95% CI 1.04–1.37) after controlling
for HbA1c. Excluding participants with high level
of HbA1c (45.5%) did not make a difference in
the estimate POR¼ 1.20 (95% CI 1.04–1.38).
Exclusion of participants with high blood pressure

also did not change the results appreciably (data not
shown).

Over the 4-year follow-up period, among those who
were free of proteinuria and who gave a urine sample
at all three visits (n¼ 9224), the correlation of base-
line urinary As with urinary As at follow-up visits
decreased from 0.66 for the first follow-up to 0.60
for the second follow-up. Baseline well As was strong-
ly correlated with baseline urinary As (r¼ 0.70,
P < 0.01), and moderately correlated with urinary As
at the first follow-up (r¼ 0.49, P < 0.01) and urinary
As at the second follow-up (r¼ 0.45, P < 0.01).
Baseline well As was inversely associated with the
changes in urinary As (r¼�0.18, P < 0.01) between
baseline first follow-up visit (r¼ 0.18, P < 0.01) but
was not related to the changes in urinary As between
first and second follow-up (r¼�0.04, P¼ 0.18).

There was no apparent association of either baseline
well As or baseline urinary As with the incidence of
proteinuria (Table 3). We calculated the difference in
total urinary As between visits. Cut points in the ana-
lyses were determined using the quintile of changes
in urinary As from baseline to the first follow-up visit.
There was a positive association between changes
in urinary As since last visit and incidence of pro-
teinuria. Participants with an increase of 468 mg/l in

Table 2 Cross-sectional analysis of associations between As exposure and proteinuria at baseline

As exposure variablesa

Overall population
Subpopulation with 55 years

of use of current well

Prevalence of
proteinuria

in %,
n (Yes/No)

Creatinine-
adjusted

OR (95% CI)
for proteinuriab

Adjusted OR
(95% CI)

for
proteinuriac

Prevalence of
proteinuria

in %,
n (Yes/No)

Adjusted OR
(95% CI)

for
proteinuriac

Baseline well As (kg/l)

0.1–7d 5.87 (129/2067) 1.00 (Ref) 1.00 (Ref) 5.87 (79/1267) 1.00 (Ref)

8–39 5.82 (130/2105) 0.99 (0.77–1.27) 1.01 (0.79–1.31) 5.32 (75/1334) 0.94 (0.67–1.31)

40–91 7.13 (155/2019) 1.23 (0.97–1.57) 1.33 (1.04–1.70) 7.63 (100/1211) 1.45 (1.06-1–0.99)

92–179 8.54 (184/1971) 1.50 (1.18–1.89) 1.54 (1.22–1.96) 9.82 (135/1240) 1.87 (1.40–2.52)

180–864 9.02 (198/1998) 1.59 (1.26–2.00) 1.65 (1.31–2.09) 9.63 (129/1210) 1.82 (1.35–2.44)

P-value for trend <0.01 <0.01 <0.01

Baseline urinary As (kg/l)

1–36d 3.83 (86/2160) 1.00 (Ref) 1.00 (Ref) 3.20 (44/1329) 1.00 (Ref)

37–66 6.49 (139/2004) 1.46 (1.11–1.93) 1.48 (1.12–1.96) 6.76 (89/1228) 1.87 (1.28–2.72)

67–114 7.82 (171/2017) 1.59 (1.22–2.10) 1.65 (1.25–2.16) 8.18 (109/1223) 2.07 (1.43–2.99)

115–205 8.09 (178/2022) 1.47 (1.11–1.94) 1.53 (1.16–2.02) 8.58 (117/1246) 1.94 (1.34–2.82)

5206 10.19 (222/1957) 1.52 (1.15–2.01) 1.65 (1.24–2.20) 11.40 (159/1236) 2.36 (1.62–3.44)

P-value for trend 0.11 0.02 0.03

aCut points were determined by quintiles of overall study population.
bORs were adjusted for urinary creatinine.
cORs were adjusted for urinary creatinine, age, gender, BMI, cigarette smoking status, education length, SBP, DBP and diabetes
status.
dReference group.
CI, confidence interval.
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urinary As since last visit had a 42% increase in
risk of having a positive dipstick testing for pro-
teinuria (HR¼ 1.42; 95% CI 1.16–1.73), compared
with those with a relatively stable urinary As level.
Participants with a decrease of 470 mg/l in urinary
As since last visit, on the other hand, had a 17% re-
duction in risk of proteinuria (HR¼ 0.83; 95% CI
0.67–1.03). We also conducted the same analyses
among those consumed water from the baseline well
for 45 years. The results were similar and therefore
are not shown.

Discussion
To our knowledge, the present study is the first large
epidemiological study that has examined the relation-
ship between As exposure from drinking water and
proteinuria. We found a positive relationship between
baseline As exposure and the prevalence of

proteinuria in cross-sectional analyses of baseline
data. In prospective cohort analyses, we found posi-
tive associations between changes in total urinary As
over time and incidence of proteinuria.

The concentration of total As in urine has previously
been shown to be an excellent biomarker of As ex-
posure in this cohort.40 The correlation between total
urinary As and water As was 40.7040 and our previ-
ous work has shown that urinary As is as strongly
predictive as well As of As-induced skin lesions,27,41

a hallmark of chronic As poisoning. Therefore, urinary
As changes were used as a measure of the changes in
As exposure status over time.26 The cross-sectional
analyses showed that the PORs for proteinuria in re-
lation to As exposure did not differ in the subpopula-
tion with water consumption from the baseline well
for 55 years (Table 2), suggesting an effect of
long-term exposure to baseline wells. As previously
described, an As mitigation program with health edu-
cation, well labelling and installations of deep wells
was initiated in the study area since baseline, which
led to changes in urinary As among some cohort par-
ticipants.26 The absence of an association between
baseline As exposure status and proteinuria incidence
during follow-up and the positive association between
changes in urinary As and proteinuria incidence to-
gether suggest that the effect of recent changes in As
exposure overrode the effect of As exposure from the
more distant past (44 years ago). The findings indi-
cate that there may be an adverse effect of As expos-
ure on renal function indicated by proteinuria status,
and that the effect is modifiable by changes in As
exposure status.

Several studies have reported a positive association
between As exposure and non-malignant renal dis-
ease.15–17,42. For instance, a standardized mortality
ratio (SMR) analysis in a six-county study area of
southeastern Michigan, found a positive association
between county-level mean As concentrations and
kidney disease.15 SMR analyses in an area in
Taiwan with high As exposure showed that mortality
from renal disease declined gradually after provision
of As-free drinking water. However, the ecological
study design and the group level measures of both
exposure and the disease limit the interpretation of
these results.16 It is not clear whether the findings
were affected by the measurement error of the eco-
logical measure of As exposure or confounding factors
not controlled in the study. In addition, previous stu-
dies did not exclude the possibility that the observed
association is due to the effect of As exposure on
blood pressure or type 2 diabetes. In our analyses,
the association remained similar with the adjustment
for blood pressure status and HbA1c, suggesting that
the effect of As on proteinuria is independent of these
factors. With the use of proteinuria as a biomarker of
renal function, our study provides some evidence of
the possible adverse effect of As exposure on renal
disease and calls for future research on the topic.

Table 3 Prospective analysis of associations between As
exposure and incident proteinuria at follow-up

As variables
n/person-

years

HR for
incident

proteinuriaa

Baseline well As (kg/l)

0.1–7 250/7106 1.00 (ref)

8–39 209/7177 0.84 (0.70–1.01)

40–91 187/7023 0.79 (0.65–1.07)

92–179 197/7159 0.85 (0.70–1.04)

180–864 187/7049 0.84 (0.69–1.06)

P-value for trend 0.15

Baseline urinary As (kg/l)

1–36 193/6850 1.00 (ref)

37–66 196/6338 1.00 (0.81–1.22)

67–114 200/6607 0.94 (0.76–1.15)

115–205 207/6970 0.90 (0.72–1.12)

5206 234/8749 0.88 (0.69–1.08)

P-value for trend 0.12

Change in urinary As since last visit (kg/l)

<�70 170/6991 0.84 (0.67–1.04)

�70 to �17 168/6716 0.91 (0.74–1.12)

�16 to 15 211/7862 1.00 (ref)

16 to 68 231/7016 1.17 (0.97–1.42)

569 250/6929 1.43 (1.17–1.74)

P-value for trend <0.01

aHRs were adjusted for age, gender, BMI, cigarette smoking
status, education length, SBP, DBP, diabetes status and urinary
creatinine measured at each visit in the model. HRs associated
with baseline well and urinary As were adjusted for change in
urinary As since last visit. HRs associated with change in urin-
ary As since last visit were adjusted for baseline well As.

ARSENIC EXPOSURE AND PROTEINURIA 833



Strengths of the study include the availability of mul-
tiple As exposure measures at the individual level, the
use of both cross-sectional and prospective cohort ana-
lyses, and the large variation in exposure levels in the
study population. The study also has several limitations.
Using a simple urine dipstick screening method may
lead to misclassification of proteinuria. Conditions
such as alkaline urine, gross blood in the urine, acciden-
tal introduction of detergents to the urine collection and
fever may lead to some false positive results.15 It is un-
likely that these states are related to As exposure and
therefore the misclassification should be
non-differential. By regarding trace proteinuria as posi-
tives, the sensitivity of the urine protein dipstick test for
micro- and macro-albuminuria can be improved, while
its specificity is not changed.43 The use of multiple dip-
stick tests over time should also improve the overall
sensitivity.

In conclusion, we found positive associations be-
tween long-term As exposure and the prevalence of

proteinuria and between changes in urinary As since
baseline and incidence of proteinuria. Proteinuria may
be an early and easily detectable sign for renal im-
pairment induced by As exposure. Future studies are
needed to investigate the relationship between As ex-
posure and renal dysfunction and its biomarkers such
as b-2 microglobulin.
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KEY MESSAGES

� The relationship between As exposure from drinking water and the risk of proteinuria has not been
well characterized.

� In a Bangladeshi population with low to moderate levels of As exposure, a dose–response relationship
between baseline well As concentration and the prevalence of proteinuria was observed.

� During follow-up, increasing levels of urinary As were associated with an increased risk of
proteinuria, and decreasing levels of urinary As were related to a reduced risk of proteinuria.
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