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Abstract

Objective: Evaluate whether arsenic-related diabetes risks differ between people of low and high 

socioeconomic status (SES).

Methods: We used data collected between October 2007-December 2010 from a population-

based cancer case-control study (N=1,301) in Northern Chile, an area with high arsenic water 

concentrations (>800 μg/L) and comprehensive records of past exposure. Information on lifetime 

exposure and potential confounders were obtained using structured interviews, questionnaires, and 

residential histories. Type 2 diabetes was defined as physician-diagnosed diabetes or oral 

hypoglycemic medication use. SES was measured using a 14-point scale based on ownership of 

household appliances, cars, internet access, or use of domestic help. Logistic regression was used 

to assess the relationship between arsenic and diabetes within strata of SES.

Results: Among those with low SES, the odds ratio (OR) for diabetes comparing individuals in 

the highest to lowest tertile of lifetime average arsenic exposure was 2.12 [95% confidence 
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interval (CI) 1.29–3.49, p=0.004]). However, those in the high SES group were not at increased 

risk (OR=1.12 [95% CI=0.72–1.73]).

Conclusions: Our findings provide evidence that risks of arsenic-related diabetes may be higher 

in Chile in people with low versus high SES.
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1.1 Introduction

The global prevalence of type 2 diabetes (T2D) has increased from 108 million in 1980 to 

422 million in 2014, and continues to increase.1 This metabolic disorder is characterized by 

insulin resistance, and compromises most diabetes cases worldwide.2 Known risk factors 

include increasing age, obesity, and lack of physical activity.2 In addition to these well-

known factors, there is increasing interest in identifying environmental agents and chemical 

exposures that may also influence diabetes risk.3

Millions of people are exposed to arsenic through contaminated drinking water, food and 

soil.4 Although the World Health Organization recommends drinking water arsenic levels be 

below 10 μg/L, over 100 million people worldwide may be consuming drinking water with 

arsenic concentrations greater than 50 μg/L.5 Arsenic has been long recognized as a human 

carcinogen and has been linked to cardiovascular and lung disease, skin lesions, and 

reproductive and developmental defects.6–8 Furthermore, studies have linked high exposures 

of arsenic to increased prevalence of diabetes.9,10 Although the exact mechanism is 

unknown, arsenic exposure can cause increased oxidative stress and upregulation of 

inflammatory markers, factors associated with insulin resistance and decreased glucose 

metabolism.11

T2D is generally more prevalent among those with low socioeconomic status (SES).12 SES 

may contribute to diabetes risk largely via obesity, smoking, and sedentary lifestyle.13 

However, the causes responsible for the SES-diabetes association are incompletely 

understood. Additionally, SES has been identified as an important contributor to a range of 

health outcomes, including those linked to environmental exposures.14 For example, 

individuals with a high family income and individuals with a college degree or greater have 

a mean PM2.5 concentration lower than their lower SES counterparts.14 Similarly, an 

increased risk of arsenic-related skin lesions was observed among lower SES individuals in 

Bangladesh.15 Since SES has been shown to influence risks of environmentally-related 

disease, we used data from an epidemiologic study in Northern Chile to evaluate whether 

low SES individuals might be susceptible to developing arsenic-related diabetes. To the best 

of our knowledge, no studies have examined the combined role of SES and arsenic on 

diabetes risk.

Northern Chile provides a unique scenario for examining the chronic health effects of 

arsenic. This area is the driest inhabited place on earth. Essentially everyone in the area lives 

in one of the cities or towns and gets their drinking water from municipal sources. Arsenic 
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concentrations have been measured in these municipal water sources dating back many 

decades, with levels ranging from <5 to >800 μg/L.16 Thus, comprehensive estimates of 

lifetime arsenic exposure can be made by knowing which cities people lived in throughout 

their lives. Previously, using study data from Northern Chile we identified an association 

between increasing arsenic exposure and an increased prevalence of diabetes (odds ratio 

[OR]=1.50, 95% confidence interval [CI]=1.3–2.19 for cumulative exposure ≥8,665 μg/L-

years).17 In this paper, we build upon this work to examine the association between arsenic 

exposure and T2D within strata of SES under the a priori hypothesis that low SES 

individuals might be at increased risk of diabetes.

1.2 Methods

1.2.1 Study Population

A detailed description of this study population is provided elsewhere.18,19 Briefly, study 

subjects were participants in a population-based arsenic-cancer case-control study in 

Regions I and II in Northern Chile. A rapid case ascertainment system involving all 

pathologists, radiologists, and hospitals in these Regions was used to identify all incident 

cases of lung, bladder, and kidney cancer between October 2007 and December 2010. 

Individuals with cancer were eligible for inclusion if they were ≥25 years of age, lived in 

these Regions at the time of cancer diagnosis, and were available for interview or had a close 

family member available. Individuals without cancer were selected randomly from those 

matched participants with cancer on sex and 5-year age groups, and were selected from the 

Chilean Electoral Registry, which includes >90% of adults ages ≥40 in these Regions. 

Institutional Review Board approval was obtained in the U.S. and Chile.

1.2.2 Exposure and Outcome Assessment

Standardized questionnaires were used to interview all study participants in-person (non-

proxies). Next-of-kin (proxies) were interviewed for deceased participants. Participants were 

asked about all medications taken within the last year and if they had ever been diagnosed 

with T2D. Individuals were considered to have diabetes if they reported being told they had 

diabetes or reported oral hypoglycemic medication usage. Individuals who reported taking 

insulin since childhood were excluded.

Participants were also asked to provide all residences they lived at for at least six months. 

Each city or town subjects lived in was linked to an arsenic water concentration 

measurement for that city or town and for the time period the participant lived there so that 

an arsenic concentration could be assigned to each year of each subject’s life. Records of 

historical arsenic water concentrations were ascertained from municipal water companies, 

government agencies, research studies and other sources and were available for all major 

water sources in Regions I and II. Arsenic water concentrations were available for >95% of 

all participants’ residences. Residences for which water records were unavailable were in 

areas not known to have high arsenic levels so were assigned a value of zero. Bottled and 

water filtered with reverse osmosis were also assigned a value of zero, although were rarely 

used until recently. The annual water concentrations assigned to each year of each subject’s 

life were used to calculate arsenic exposure metrics. The highest single year exposure was 
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estimated using the highest arsenic concentration recorded for any year of the subject’s life. 

Cumulative exposure in μg/L-years was calculated by summing the annual arsenic 

concentrations for each year of the subject’s life. The mean of the annual arsenic 

concentrations estimated for each year of the subject’s life was used to estimate lifetime 

average exposure. Each exposure metric was classified into tertiles for analysis.

1.2.3 Socioeconomic Status

SES scores were based on self-reported ownership or use of 12 items and information on 

SES was obtained at the same time as self-reported diabetes. These included ownership of 

household appliances (television, kitchen, microwave, refrigerator, washing machine), 

electronics (computer, DVD player, cellular telephone), automobile, internet access at home, 

or use of domestic help. A 14-point SES scale was developed for this study by assigning one 

point for each item except for car ownership, internet access, and domestic help, which were 

assigned two points. Higher scores on the SES scale indicate higher SES. This scale was 

created based on the advice of researchers in Chile and was adapted from the National 

Health Surveys in Chile.20 This scale has not been validated in other populations. However, 

other global health studies have used similar indices of tangible household items as 

indicators of SES.21–23 Subjects were also asked their highest education or grade achieved.

1.2.4 Covariate Information

Diet information was collected using the Diet History Questionnaire (DHQ) at the same time 

as self-reported diabetes and asked about the participants typical diet in the year before they 

were interviewed (or the year before they became ill if they have cancer). Diet*Calc 

software was used to convert food intakes into estimated nutrient levels.24 Validation surveys 

have shown that the DHQ provides a good estimate of nutrient intakes.25 To help evaluate 

whether nutrition might be responsible for any impacts we identified for SES, associations 

between nutrient intakes and SES were assessed using t-tests and logistic regression.

Subjects with physician-diagnosed hypertension or who reported using anti-hypertensive 

medication were considered to have hypertension. Subjects without cancer were asked to 

provide their current height and weight. Subjects with cancer were asked to provide their 

typical weight over the ten years preceding their cancer diagnosis. Information about 

smoking included number of years smoked and average number of cigarettes smoked per 

day.

1.2.5 Statistical Analysis

Unconditional logistic regression was used to calculate crude and adjusted ORs and 95% CIs 

for the associations between various arsenic exposure metrics and T2D. Linear trend tests 

were conducted using the Cochrane-Armitage test. Covariates initially included in logistic 

regression models were sex (male, female), age (<55, 55–65, 66–75, >75 years), race 

(European, Indigenous, other), obesity (body mass index <30 kg/m2, ≥30 kg/m2), 

hypertension (yes, no), cancer (yes, no), typical fruit and vegetable servings (0–2/day, >2/

day), smoking status (ever, never), and average number of cigarettes per day (never smoker, 

>0–20, >20). Variables were selected as potential confounders based on the current 

knowledge of diabetes and arsenic effects and then entered into logistic regression models to 
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determine which covariates changed the arsenic-diabetes OR by >10%. Thus, age, obesity, 

and smoking were entered into final models a priori since they are known risk factors for 

diabetes and were either associated with arsenic exposure or modified the effect of arsenic. 

Sex was not included in the final models because it had little impact on arsenic-diabetes ORs 

and was not associated with arsenic exposure in our study.

We examined the relationship between arsenic exposure and diabetes stratified by SES. 

Here, we dichotomized SES at the median into low (<9) and high (≥9) SES for analysis, 

where 9 was the exact median in this population. Other cut points, such as dichotomizing at 

7 or 8, were also assessed.

We then examined the arsenic-diabetes and SES relationships within strata of sex and cancer 

status. Minimal differences in OR estimates were observed, so we combined both sexes and 

those with and without cancer into our main analyses to increase study power. Additionally, 

we examined whether effect sizes might differ between those with low and high SES (i.e. 

effect modification) using the methods presented by Altman and Bland.26 Based on previous 

research linking low SES to increased diabetes we had a clear one directional hypothesis that 

effect sizes would be greater, not less, in low SES participants. As such, we present a one-

sided p-value for our test of effect modification.

We performed numerous analyses to identify specific risk factors and potential confounders 

that might account of any impacts of SES we identified. Diet was assessed by examining 

arsenic-diabetes relationships stratified by SES and by high and low macro- or micronutrient 

levels. Nutrient levels were dichotomized into high and low based on medians. Adjusted 

means and standard deviations were calculated using the SAS procedure PROC GLM. The 

focus of these analyses was on folate, selenium, and protein since these have previously been 

linked to arsenic-related disease.27,28 We adjusted nutrient levels for total caloric intake by 

dividing them by total energy intake in kilocalories.29 Potential confounding by obesity was 

also assessed in stratified analyses. All analyses were conducted in SAS 9.4 (Cary, NC).

1.3 Results

Individuals with diabetes were more likely to be older, obese, hypertensive and consume >2 

servings of fruit or vegetables per day compared to those without diabetes (Table 1).

Compared to those in the lowest exposure tertiles, those in the highest tertile of lifetime 

average (>155.2 μg/L) and cumulative (>10,118.2 μg/L-years) arsenic exposure had 

increased odds of diabetes (adjusted OR=1.50 [95% CI=1.08–2.09] and OR=1.52 [95%=CI 

1.09–2.11], respectively) (Table 2). Arsenic water concentrations for those in the highest 

category of cumulative exposure (>10,118.2) ranged from 250–860 μg/L with 85% exposed 

at 860 μg/L for at least one year in their lives. In analyses confined to low SES individuals, 

those in the highest tertile of arsenic exposure had increased odds of diabetes across all 

exposure metrics. The strongest relationship was observed for cumulative arsenic exposure, 

where those in the highest tertile had 2.18 greater odds of diabetes versus those in the lowest 

tertile (95% CI=1.31–3.62, p-trend=0.01). For high SES participants, arsenic-diabetes ORs 

were near 1.0. For example, among high SES individuals the diabetes OR comparing those 
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in the highest versus lowest tertile of cumulative arsenic exposure was 1.12 (95% CI=0.72–

1.73) (Table 2). Additionally, we examined whether effect sizes might differ between those 

with low and high SES (i.e. effect modification). The one-sided p-value for interaction 

comparing the odds ratios in the highest tertile of cumulative arsenic exposure in the low 

(OR=2.18 (95% CI, 1.31–3.62)) and high SES (OR=1.12 (95% CI, 0.72–1.73)) groups was 

0.03. Categorizing SES at cut-points other than the median gave similar results (data not 

shown).

Arsenic-diabetes ORs were also higher among low SES compared to high SES individuals in 

analyses excluding cancer cases, although findings were less precise (Table 3). For example, 

among low SES individuals, those in the highest tertile of cumulative exposure had greater 

odds of diabetes versus those in the lowest tertile (adjusted OR=2.69 [95% CI=1.33–5.45]). 

P-values were below 0.05 for linear tests for trend. No associations were observed between 

arsenic and diabetes among those with high SES in analyses excluding cancer cases.

Several analyses were performed to evaluate whether certain factors might account for the 

stronger arsenic-diabetes associations we identified in lower SES individuals. For obesity 

and hypertension, the prevalence of these conditions were similar among low and high SES 

individuals (Table S1). Low SES individuals were more likely to be male, older, of 

indigenous descent, have lung cancer, be never smokers, and have proxy respondents, 

compared to high SES individuals (Table S1).

In order to evaluate whether these particular factors may have played some role in the 

associations we identified above, we calculated arsenic-diabetes ORs by strata of low and 

high SES in analyses further stratified by these other factors (Table 4). Here, participants in 

the highest tertile of cumulative exposure were compared to those in the lowest tertile. In 

analyses confined by sex, those above and below the median age of 66, smokers, non-

indigenous subjects, and non-proxy subjects, the odds of arsenic-related diabetes was higher 

among individuals with low SES than in those with high SES (Table 4). For example, among 

females, the arsenic-diabetes OR was 2.38 (95% CI=1.14–4.97) in the low SES group 

compared to 0.93 (95% CI=0.54–1.62) in the high SES group. Among never smokers, 

arsenic-diabetes ORs were above 1.0 in both those with low and high SES, although 

somewhat higher in the high SES group (ORs of 1.83 95% CI=0.79–4.23 vs. 2.49 (95% 

CI=1.04–5.98), respectively.

We also examined the potential role of folate, selenium, protein, and other dietary variables. 

We found that estimates of absolute (not energy adjusted) intakes of folate, selenium, 

protein, and total energy (i.e., total caloric) intake were lower among those in the low 

compared to high SES group (Table S2). However, when we adjusted for total energy intake, 

clear differences were not observed between low and high SES individuals. Further, when 

participants with unadjusted selenium, folate, and protein levels below the median were 

excluded, low SES individuals continued to have higher odds of arsenic-related diabetes 

compared to high SES individuals (Table 4), although with markedly smaller sample sizes 

and wider confidence intervals compared our analyses including all subjects. Additionally, 

adjusting for folate, selenium, and protein had little impact on our results. Similar results 
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were seen for other dietary variables including total fat, beta-carotene, vitamin E, 

methionine, total energy, and typical vegetable, fruit, dairy, or meat intake (data not shown).

Lastly, we examined the arsenic-related diabetes ORs within subcategories of education 

(<9th grade, grades 9–12, and >12th grade) and found no evidence of effect modification by 

education (Table S3). In stratified analyses low SES individuals continued to have increased 

odds of arsenic-related diabetes across all education categories (data not shown).

1.4 Discussion

This is one of few studies examining the combined role of SES and environmental exposure 

on diabetes risk. We found that odds ratios for arsenic-related diabetes were elevated in 

people with low SES but not in people with higher SES. P-values for linear tests for trend in 

low SES individuals provided evidence that our findings in this group are unlikely due to 

chance (p=0.04, 0.004 and 0.01, depending on the arsenic exposure metric used). In 

addition, these findings persisted after adjusting for potential confounders, after removing 

individuals with cancer (i.e. after accounting for the original cancer case-control design), 

and in numerous other sensitivity analyses. Overall, our findings raise the possibility that 

low SES individuals are more vulnerable to at least some of the harmful effects of arsenic.

The exposure levels in our study were high, with many subjects exposed to arsenic water 

concentrations >800 μg/L. This is >80-times higher than the current US regulatory standard 

of 10 μg/L. As we previously reported,17 our finding that arsenic may be a risk factor for 

T2D in Northern Chile is supported by prior findings in other communities with high arsenic 

exposures. In an arsenic endemic area in Taiwan, the adjusted relative risk (RR) for diabetes 

for cumulative arsenic exposures ≥17,000 ug/L-years was 2.1 (95% CI=1.1–4.2).30 In 

Bangladesh, patients with arsenic-caused skin lesions (average arsenic water concentrations 

of 218.1 ug/L) had a prevalence of diabetes that was 2.8-times that of controls subjects 

without these lesions.31

A unique aspect of our study is that we assessed arsenic-related diabetes risk by SES. 

Although diabetes prevalence was not clearly linked to SES in our study, a number of other 

studies have found that diabetes was more common among those with low SES compared to 

high SES (RRs between 1.28 and 1.41).12 Although the exact biologic pathway remains 

unknown, research has suggested that the link between SES and diabetes could be due to 

smoking, obesity, or sedentary lifestyle.13 Currently however, the mechanism through which 

SES may influence diabetes risk is unclear or inconsistent across studies. We conducted 

sensitivity analyses in an attempt to better understand what might be driving the associations 

identified. Previously, we observed evidence that arsenic-related diabetes risks were 

especially high in obese people.17 However, obesity is an unlikely explanation for our SES 

results since obesity was less prevalent in our low SES group (Table S1). More recent data 

from the Chilean National Health Surveys has shown that a greater percentage of low 

compared to high SES individuals were obese and this data suggests that the obesity 

epidemic is relatively new.32 Previous studies have also identified evidence of synergy 

between smoking and arsenic on cancer risk.33 However, just like obesity, smoking was also 

less prevalent among our low SES participants (Table S1). Interestingly, although arsenic-
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diabetes ORs were higher in low SES vs. high SES participants in our analyses confined to 

smokers, this was not the case in non-smokers (Table 4). The reason for this is unknown, 

although the wide confidence intervals in these analyses suggest these findings could be due 

to chance. We also explored whether our inclusion of cancer cases may have impacted our 

results. Lung cancer, but not kidney or bladder cancer was higher among our low SES 

participants (Table S1). Importantly though, the fairly strong impact SES remained after 

cancer cases were excluded, providing very strong evidence that their inclusion did not cause 

important bias.

We also explored whether dietary differences may explain the link we identified between 

low SES and arsenic-related diabetes. Arsenic metabolism varies from person to person and 

more effective arsenic metabolism has been linked to reduced risks of arsenic-related 

diseases.34 Numerous studies have shown that decreased intake of folic acid and selenium 

may lead to less effective arsenic metabolism,27,28 and potentially to increased risk of 

arsenic-related disease. Although we found that low SES individuals in our study did have 

decreased estimated absolute intakes of folate, selenium, and protein than high SES 

individuals, no differences were seen when these variables were adjusted for total caloric 

intake. Furthermore, we repeated our analyses after removing participants with lower folate, 

selenium, and protein levels. Although these analyses have small numbers and confidence 

intervals were wide, our finding that arsenic-diabetes ORs remained markedly higher in low 

vs. high SES participants when these subjects were removed suggests that these nutrients 

were not responsible for the impacts of SES identified. Similar results were seen with all 

other dietary variables explored. Errors in the recall of dietary information or the fact that 

food-nutrient tables specific to Northern Chile were unavailable could have limited our 

ability to evaluate the true impact of diet. Furthermore, individuals may have changed their 

diet as a result of diabetes diagnosis, thus limiting our ability to evaluate whether diet is 

responsible for some of the SES effects we saw. Further research assessing diet prior to 

diabetes onset and including more specific food-nutrient tables, serum levels of some 

nutrients, or that examines additional nutritional factors may add further insight into the 

possible role of diet on our results.

The underlying mechanism that may explain why we saw increased arsenic-related risks in 

people with low SES is unknown but several possibilities exist. Arsenic has been shown to 

alter glucocorticoid levels and programming of the glucocorticoid signaling system in 

rodents,35 a pathway which has been linked with susceptibility to metabolic diseases.36 Low 

SES individuals experience chronic stress through impaired glucocorticoid signaling, which 

could make them more susceptible to diseases like diabetes.37 Thus, the combination of 

early life arsenic exposure and chronic stress may synergistically impact the responsiveness 

of the glucocorticoid signaling system and the ability of the body to maintain metabolic 

homeostasis. Chronic inflammation is another mechanism by which SES could impact the 

arsenic-diabetes relationship. SES is inversely associated with biomarkers of inflammation,
38 which are elevated among arsenic-exposed individuals.39

Misclassification of arsenic exposure may have occurred in our study from inaccurate recall 

of residential history, missing exposure data, or non-water sources of arsenic. However, 

since arsenic exposure was assessed similarly for individuals with and without diabetes, 
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these errors would likely be non-differential and bias results towards the null. Additionally, 

inaccurate recall of residential history is likely minimal as it is unlikely that individuals 

would forget where they lived. Arsenic exposure may also occur through food or air. 

However, because the climate in the study area is so dry, most food is imported from outside 

the study regions from areas with low arsenic water levels; the main local foods are fish and 

seafood, which contains mostly organic arsenic. Air and food samples tested for arsenic 

revealed relatively low arsenic concentrations, with similar levels in the parts of our study 

area with and without high arsenic water concentrations, and generally accounted for 

inorganic arsenic intakes of roughly <1–13 ug/day.40 In contrast, intakes from water would 

be about 1,720 ug/day in those drinking 2 L/day of water with arsenic concentrations of 860 

μg/L, the historical level in Antofagasta, the largest city in our study area.

Misclassification of diabetes may have occurred. An estimated 22.5% of diabetes cases in 

Chile are undiagnosed.41 However, Chile has a good health care system with essentially 

universal coverage, meaning most diagnosed diabetes patients would be linked to care 

regardless of SES. Previously we showed that correcting for this level of under-diagnosis 

would only have small impacts on arsenic-diabetes ORs in our study.17

Despite these limitations, our study has many strengths. Our estimate of SES was robust in 

that we did not rely solely on income or education as SES indicators. However, our SES 

indicators may not be applicable to other populations and other indicators of SES may 

produce different results in other contexts. We also had robust exposure estimates based on 

hundreds of historical arsenic water measurements, which allowed us to assess participants 

lifetime arsenic exposure. Lastly, this study was conducted in an area with a good range in 

arsenic water concentrations and in area where exposure from water outweighs that from 

other sources.

1.4.1 Conclusions

Our findings contribute to the growing literature suggesting that low SES is an important 

risk factor for environmentally-induced diseases. This literature highlights the potential 

benefits of interventions aimed at reducing toxic exposures in low SES populations. Future 

research is needed to understand the set of specific factors like stress, multiple co-exposures, 

or nutrition that could underlie the higher risks in low SES populations. This research could 

help identify other specific interventions that may help reduce risks in these susceptible 

populations.
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Table 1.

Demographics of study population among those with and without diabetes

With Diabetes
N (%)

Without Diabetes
N (%)

Odds ratio (95% CI)

Sex

Female 172 (57.0) 554 (55.5) 1.00 (Ref)

Male 130 (43.0) 445 (44.5) 0.94 (0.73–1.22)

Age (years)

<55 38 (12.6) 207 (20.7) 1.00 (Ref)

55–65 76 (25.2) 301 (30.1) 1.38 (0.90–2.11)

66–75 105 (34.8) 285 (28.5) 2.01 (1.33–3.03)

>75 83 (27.5) 206 (20.6) 2.19 (1.43–3.37)

Race

European descent 229 (75.8) 743 (74.4) 1.00 (Ref)

Indigenous
1 19 (6.29) 78 (7.8) 0.79 (0.47–1.33)

Other 54 (17.9) 178 (17.8) 0.98 (0.70–1.38)

Obese
2, 3

No 223 (74.3) 829 (84.2) 1.00 (Ref)

Yes 77 (25.7) 156 (15.8) 1.83 (1.35–2.50)

Hypertension
3

No 89 (30.2) 563 (58.1) 1.00 (Ref)

Yes 206 (69.8) 406 (41.9) 3.21 (2.43–4.24)

Cancer

No cancer 145 (48.0) 495 (49.5) 1.00 (Ref)

Lung 68 (22.5) 238 (23.8) 0.98 (0.70–1.35)

Bladder 66 (21.9) 167 (16.7) 1.35 (0.96–1.90)

Kidney 23 (7.6) 99 (9.9) 0.79 (0.49–1.30)

Socioeconomic status
4

>50th percentile 163 (54.0) 533 (53.4) 1.00 (Ref)

≤50th percentile 139 (46.0) 466 (46.6) 0.89 (0.68–1.17)

Fruit/vegetable servings
3

0–2/day 75 (32.1) 324 (43.1) 1.00 (Ref)

>2/day 159 (67.9) 428 (56.9) 1.60 (1.18–2.19)

Smoking status

Never 103 (34.1) 307 (30.7) 1.00 (Ref)

Ever 199 (65.9) 692 (69.3) 0.86 (0.65–1.13)

Average cigarettes/day
3

Never 103 (34.2) 307 (30.9) 1.00 (Ref)

>0–20 171 (56.8) 607 (61.1) 0.84 (0.63–1.11)

>20 27 (9.0) 80 (8.0) 1.01 (0.62–1.64)
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With Diabetes
N (%)

Without Diabetes
N (%)

Odds ratio (95% CI)

Proxy
5

No 242 (80.1) 794 (79.5) 1.00 (Ref)

Yes 60 (19.9) 205 (20.5) 0.96 (0.70–1.33)

Abbreviations: OR, odds ratio; CI, confidence interval; Ref, reference

1
Indigious includes Aymara and Atacameňo ethnicity

2
Obese defined as body mass index ≥30 kg/m2

3
Data on BMI (obesity), hypertension, diet, and average number of cigarettes per day not available in all subjects

4
Odds ratio adjusted for obesity, age, and smoking status. The unadjusted odds ratio is 0.98 (95% CI=0.75–1.26)

Note: percentages may not sum to 100 due to rounding

5
Proxy defined as next-of-kin interviewed for deceased patients
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Table 2.

Associations between selected arsenic exposure metrics and diabetes within strata of socioeconomic status

All Subjects

Exposure Exposure Level With Diabetes Without Diabetes Crude OR
(95% CI)

Adjusted
1
 OR

(95% CI)

Highest single year exposure (μg/L) <60 48 183 1.00 (Ref) 1.00 (Ref)

60–859 134 475 1.08 (0.74–1.56) 1.15 (0.79–1.70)

>859 120 341 1.34 (0.92–1.96) 1.53 (1.03–2.27)

p trend 0.07 0.02

Lifetime average (μg/L) <42.9 92 338 1.00 (Ref) 1.00 (Ref)

42.9–155.2 94 348 0.99 (0.72–1.37) 1.04 (0.74–1.44)

>155.2 116 313 1.36 (0.99–1.86) 1.50 (1.08–2.09)

p trend 0.03 0.01

Cumulative exposure ([μg/L]-years) <2,780 90 339 1.00 (Ref) 1.00 (Ref)

2,780–10,118.2 92 352 0.98 (0.71–1.36) 1.03 (0.73–1.43)

>10,118.2 120 308 1.47 (1.07–2.01) 1.52 (1.09–2.11)

p trend 0.01 0.01

Low Socioeconomic Status

With Diabetes Without Diabetes Crude OR
(95% CI)

Adjusted
1
 OR

(95% CI)

Highest single year exposure (μg/L) <60 20 96 1.00 (Ref) 1.00 (Ref)

60–859 67 224 1.44 (0.83–2.50) 1.58 (0.88–2.82)

>859 52 146 1.71 (0.96–3.04) 2.08 (1.13–3.83)

p trend 0.13 0.04

Lifetime average (μg/L) <42.9 38 174 1.00 (Ref) 1.00 (Ref)

42.9–155.2 48 157 1.40 (0.87–2.26) 1.48 (0.90–2.43)

>155.2 53 135 1.80 (1.12–2.89) 2.12 (1.29–3.49)

p trend 0.02 0.004

Cumulative exposure ([μg/L]-years) <2,780 35 170 1.00 (Ref) 1.00 (Ref)

2,780–10,118.2 51 161 1.54 (0.95–2.49) 1.68 (1.02–2.78)

>10,118.2 53 135 1.91 (1.18–3.09) 2.18 (1.31–3.62)

p trend 0.01 0.01

High Socioeconomic Status

With Diabetes Without Diabetes Crude OR
(95% CI)

Adjusted
1
 OR

(95% CI)

Highest single year exposure (μg/L) <60 28 87 1.00 (Ref) 1.00 (Ref)

60–859 67 251 0.83 (0.50–1.37) 0.88 (0.52–1.48)

>859 68 195 1.08 (0.65–1.80) 1.16 (0.69–1.97)

p trend 0.28 0.22

Lifetime average (μg/L) <42.9 54 164 1.00 (Ref) 1.00 (Ref)

42.9–155.2 46 191 0.73 (0.47–1.14) 0.78 (0.49–1.22)
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>155.2 63 178 1.07 (0.71–1.64) 1.12 (0.72–1.73)

p trend 0.46 0.40

Cumulative exposure ([μg/L]-years) <2,780 55 169 1.00 (Ref) 1.00 (Ref)

2,780–10,118.2 41 191 0.66 (0.42–1.04) 0.67 (0.42–1.07)

>10,118.2 67 173 1.19 (0.79–1.80) 1.12 (0.72–1.73)

p trend 0.16 0.30

Abbreviations: OR, odds ratio; CI, confidence interval; Ref, reference

1
Models adjusted for obesity, age, and smoking status
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