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Emerging Epidemic of CVD in Developing Countries

 
Developed 
countries 

Developing 
countries 

Relative contribution of CVD 
deaths to total mortality in 1990 49% 23% 
   
Total CVD deaths in 1990  5.3 million 8-9 million 
DALYs lost, thousands 39,118 108,802 
   
Projected increase in CVD 
deaths 1990-2020  

29% in women 
48% in men 

  89% in women 
100% in men 

 

 
Reddy and Yusuf, circulation, 1997
Yusuf et. al., circulation, 2001
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Prospective Studies 
Collaboration, The Lancet, 2002

Blood pressure (BP) and cardiovascular disease



High BP prevalence in developing countries

Ibrahim et al, 
Lancet, 2012

Timeframe
Change in 
prevalence

India 1988 to 2003 7% to 36%
Bangladesh 1976 to 2010 1% to 18%
Tanzania 1987 to 1998 26% to 40%
China 1992 to 1998 23% to 24%
Turkey 2003 to 2007 29% to 32%



Inorganic arsenic exposure and BP
 Environmental exposure plays a role in the CVD development.

 Toenail mercury and risk of myocardial infarction (Guallar, N Engl J Med, 2002)

 Ambient urban air pollution and deaths caused by cardiopulmonary disease (Dockery, N Engl J Med, 
1993)

 Lead exposure and hypertension (Navas-Acien, EHP, 2007) 

 Drinking water contamination by arsenic is associated with CVD in 
Taiwan, Bangladesh, Chile and the US.

 Cross-sectional studies have shown the association between arsenic 
exposure and baseline blood pressure (Abhyankar LN et al. 2012). 

 Longitudinal analyses are needed to assess whether arsenic is 
associated with increasing BP over time.

 Our study investigated whether arsenic exposure was associated with 
longitudinal blood pressure change over time in Bangladesh (HEALS 
cohort).



Health Effects of Arsenic Longitudinal Study (HEALS) in 
Bangladesh

11,746 recruited (97.5% response rate)
Arsenic concentrations (water and urine)
BP was measured

Follow-up 1 11,331 available
Arsenic concentrations (urine) 
BP was measured

11,052 available
Arsenic concentrations (urine) 
BP was measured

10,668 available
Arsenic concentrations (urine) 
BP was measured

Baseline

Follow-up 3 

Follow-up 2 

10/2000-5/2002

9/2002-11/2004

12/2004-9/2006

6/2007-1/2009

HEALS Original Cohort

Ahsan H. et al, J Expo Sci Environ Epidemiol. 2006
Chen Y et al, British Journal of Nutrition 2004

Follow-up 4
4/2010-

Expanded 
cohort 

2007-2008

N=8,287



Measurements of arsenic exposure

 Water samples of arsenic were collected at baseline.

 Urine samples were collected from 96, 95, 92, and 90% of the cohort 
participants at baseline and at the first, second, and third follow-up 
visits, respectively. 

 Main exposure of interest:
-water arsenic and urinary arsenic at baseline



Measurement of blood pressure

 BP was measured at baseline and at each follow-up by trained 
clinicians using an automatic sphygmomanometer.

 Subjects with at least two blood pressure measurements over time 
and not under hypertension treatment at baseline.

 Blood pressure measurements were treated as missing value for the 
visit when the use of anti-hypertension treatment was reported and 
thereafter.

 Study populations (n=10,853)
 Complete four blood pressure measurements: 83%
 Three blood pressure measurements: 11%
 Two blood pressure measurements: 6%



 BPij= β0 +β1 (TIME)ij + β2 As0j2 + β3 As0j3 + β4 As0j4 + β12 As0j2(TIME)ij

+ β13 As0j3(TIME)ij + β14 As0j4(TIME)ij + αTZ0j + μ0j + μ1j (TIME)ij + rij

 βk, k=2,3,4 = Difference in mean baseline BP for baseline arsenic in the kth
quartile compared with that in the first quartile (ref)

 β1k, k=2,3,4 = Difference in annual BP change over time for baseline arsenic in 
the kth quartile compared with that in the first quartile (ref)

 TIMEij = Years since baseline at the time of BP measurement
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effect

Mixed effect model
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Table 1 
Baseline and follow-up characteristics of the HEALS cohort

Characteristics Baseline Concentrations of Well Water Arsenic (µg/L) by Quartiles
≤12 13-62 63-148 >149

Mean Mean Mean Mean P value
Age, years 36.9 36.6 36.6 37.0 0.234
Male, % 42.5 42.2 41.8 42.6 0.935
Current smoker, % 29.6 29.2 27.8 27.8 0.334
Diabetes history, % 2.0 2.2 1.7 1.6 0.370
Education, years 3.6 3.2 3.5 3.3 0.002
BMI baseline, kg/m2 19.9 19.7 19.7 19.4 <0.001
SBP baseline, mmHg 113.6 114.7 113.6 114.5 0.391
DBP baseline, mmHg 73.8 73.6 73.4 73.1 0.132
Urinary arsenic, µg/L
Baseline 51.0 99.2 150.9 258.2 <0.001
Follow up 1 54.3 106.9 145.3 185.7 <0.001
Follow up 2 54.7 105.7 139.1 178.5 <0.001
Follow up 3 51.6 92.8 118.6 149.2 <0.001



Table 2
Relation of baseline characteristics and BP change over 7 years

Baseline 
characteristics

SBP change/year
(mmHg)

β (95% CI)
P- value

DBP change/year
(mmHg)

β (95% CI)
P value

Age (years)
≤30 Ref. Ref.
30-40 0.14 (0.02, 0.27) 0.020 -0.05 (-0.14, 0.03) 0.201
>40 0.36 (0.23, 0.49) <.001 -0.09 (-0.18, 0.01) 0.064
Sex 0.34 (0.20, 0.48) <.001 0.01 (-0.10, 0.10) 0.950
Smoking Status
Never Ref. Ref.
Past -0.01 (-0.23, 0.22) 0.939 -0.05 (-0.21, 0.10) 0.529
Current 0.11 (-0.05, 0.26) 0.179 0.08 (-0.03, 0.19) 0.168
Diabetes history -0.19 (-0.53, 0.14) 0.257 -0.22 (-0.46, 0.01) 0.060
Education length 
(years)
0 Ref. Ref.
0-5 0.18 (0.06, 0.29) 0.003 0.06 (-0.02, 0.14) 0.135
>5 0.28 (0.16, 0.41) <.001 0.02 (-0.07, 0.10) 0.669
BMI baseline 
(kg/m2)
≤18.09 -0.03 (-0.15, 0.10) 0.660 0.07 (-0.01, 0.16) 0.089
18.09-20.45 Ref. Ref.
>20.45 0.19 (0.06, 0.31) 0.003 -0.07 (-0.16, 0.01) 0.090



Table 3
Relation of baseline arsenic exposure and SBP change over 7 years

Arsenic Q1b Q2 Q3 Q4
Baseline water arsenic 
(µg/L) N=10,853

Change/year
(mmHg)

Change/year
(mmHg)

Change/year
(mmHg)

Change/year
(mmHg)

Model 11 Ref. 0.45 (0.32,0.58) 0.60 (0.46,0.73) 0.51 (0.38,0.65)

Model 22 Ref. 0.42 (0.29,0.56) 0.55 (0.42,0.68) 0.48 (0.34,0.61)

Model 33 Ref. 0.43 (0.29,0.56) 0.54 (0.40,0.67) 0.48 (0.35,0.61)
Baseline urinary arsenic 
(µg/g creatinine) 
N=10,549
Model 11 Ref. 0.40 (0.26,0.53) 0.45 (0.32,0.59) 0.45 (0.31,0.58)

Model 22 Ref. 0.38 (0.25,0.52) 0.43 (0.30,0.57) 0.41 (0.27,0.54)

Model 33 Ref. 0.39 (0.25,0.52) 0.44 (0.30,0.58) 0.43 (0.29,0.56)

1 Controlled for baseline age and sex.
2 Controlled for model 1 covariates plus baseline BMI, smoking status, educational status and history of diabetes.
3 Controlled for model 2 covariates plus change of creatinine-adjusted urinary arsenic since baseline.
a Unit=100 when referring to water arsenic; Unit=200 when referring to baseline creatinine-adjusted urinary arsenic.

b Q1<12, 12≤Q2<62, 62≤Q3<148, Q4≥148 when referring to water arsenic; Q1<106, 106≤Q2<199, 199≤Q3<352, Q4≥352 when referring 
to creatinine-adjusted urinary arsenic.



Table 4
Relation of baseline arsenic exposure and DBP change over 7 years

Arsenic Q1b Q2 Q3 Q4
Baseline water arsenic
(µg/L) N=10,846

Change/year
(mmHg)

Change/year
(mmHg)

Change/year
(mmHg)

Change/year
(mmHg)

Model 11 Ref. 0.44 (0.35,0.53) 0.47 (0.38,0.56) 0.43 (0.34,0.52)

Model 22 Ref. 0.42 (0.33,0.51) 0.42 (0.33,0.52) 0.40 (0.31,0.49)

Model 33 Ref. 0.41 (0.31,0.50) 0.41 (0.32,0.51) 0.39 (0.30,0.49)
Baseline urinary arsenic
(µg/g creatinine) N=10,549
Model 11 Ref. 0.38 (0.29,0.48) 0.40 (0.30,0.49) 0.49 (0.40,0.58)

Model 22 Ref. 0.37 (0.27,0.46) 0.37 (0.27,0.46) 0.45 (0.35,0.54)

Model 33 Ref. 0.37 (0.27,0.46) 0.38 (0.28,0.47) 0.45 (0.36,0.55)

1 Controlled for baseline age and sex.
2 Controlled for model 1 covariates plus baseline BMI, smoking status, educational status and history of diabetes.
3 Controlled for model 2 covariates plus change of creatinine-adjusted urinary arsenic since baseline.
a Unit=100 when referring to water arsenic; Unit=200 when referring to baseline creatinine-adjusted urinary arsenic.

b Q1<12, 12≤Q2<62, 62≤Q3<148, Q4≥148 when referring to water arsenic; Q1<106, 106≤Q2<199, 199≤Q3<352, Q4≥352 when referring 
to creatinine-adjusted urinary arsenic.



Figure S1
Adjusted means of blood pressure at the third visit by quartiles of baseline 
arsenic



Additional analysis

 Analyses using different categories of arsenic exposure (tertiles or quintiles) 
showed similar results .

 Excluding all subjects who began treatment for hypertension during follow-
up did not change in the overall results (~4%).

 No association between longitudinal change in urinary arsenic and the rate 
in BP change.



Summary

 Positive association without  a dose-response relationship between arsenic 
exposure and the slope of BP change was found.

 The potential association between arsenic exposure and high BP is 
supported by experimental studies:
 Inflammatory activity, oxidative stress, and endothelial dysfunction
 Renal dysfunction
 Peripheral vascular resistance

 Advantage of longitudinal analyses.

 The differences in the rate of BP change associated with arsenic exposure, 
although small in magnitude, may have a cumulative effect on the risk of 
clinical events.



Limitations

 The self-reported well water use might produce non-differential 
misclassifications of exposure. 

 The analyses were restricted to individuals with available data on 
repeated BP measurements. 

 Given that change of arsenic exposure was not substantial in the majority 
of the participants, we may not have power to assess the effects of 
changes in urinary arsenic. 



Strengths and significance

 First to prospectively investigate the role of arsenic exposure on 
longitudinal change in BP.

 Detailed measurements of arsenic exposure from water and urine, 
multiple research-quality BP measurements, low percentage of 
hypertension medications (1% at baseline), absence of alcohol 
consumption, rich set of covariates.
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