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Abstract

Objective—Limited studies suggest that blood pressure variability over time is a risk factor of
long-term cardiovascular outcomes. However, most of these were in populations with pre-existing
CVD and studies in general population are lacking.

Methods—The study included 11,153 participants in a population-based, prospective cohort
study in Araihazar, Bangladesh. Resting blood pressure was measured at baseline and every two
years thereafter. Participants were followed-up for an average of 6.5 years (2002-2009).

Results—Male gender, older age, baseline SBP, and absence of betel leaf use were
independently positively associated with greater SBP variability over time. There was a significant
association between SBP variability and the risk of death from overall CVD, especially from
major CVD events. The positive association with the risk of death from any cause and stroke in
age- and sex-adjusted models was attenuated in fully-adjusted models. In addition, the hazard ratio
(HR) of stroke mortality was greater for individuals with both high baseline and high SBP
variability. Similar patterns of HRs were observed for all-cause and CVD mortality.
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Conclusion—In this rural Bangladeshi population, variability in SBP contributes to the risk of
death from CVD and may further potentiate the increased mortality risk associated with high SBP.

Keywords

blood pressure; cardiovascular disease; cerebrovascular disorders; heart diseases; mortality;
variability

Introduction

Cardiovascular diseases (CVD) are the primary cause of death globally, accounting for
approximately 30% of all deaths with over 80% of all cases occurring in low- and middle-
income countries (World Health Organization (WHO), 2011). High blood pressure (BP) is
the most prominent risk factor associated with CVD (Kaplan and Victor, 2009) and is the
leading cause of deaths globally with the most significant contribution by low- and middle-
income countries (Lawes et al, 2001; WHO, 2009). CVD mortality is projected to increase
by approximately 30% by the year 2030 in low- and middle- income countries, comparing to
2008, while no significant change is projected in high-income countries (WHO, 2008).
Therefore, there is a need to investigate the risk factors associated with CVD mortality with
a special attention to populations from developing countries.

Variability in BP has long been considered a risk factor for CVD mortality among
hypertensive people (Parati et al, 1987; Pringle et al, 2003) and there is also evidence for a
positive association with left ventricular mass index, an important intermediate risk factor
for CVD, in the general population (Sega et al, 2002). In recent years, several publications
reported that long-term BP variability, on the scale of months through years, may also have
a clinical significance (Muntner et al, 2011; Rothwell et al, 2010; Brunelli et al, 2008; Cuffe
et al, 2006). However, most of these studies (except for Muntner et al, 2011) have focused
on susceptible populations but not in general population.

In this study, using data from 11,153 apparently healthy individuals participating in an
ongoing population-based cohort study in Araihazar, Bangladesh, we assessed the
association of BP variability over time with the risk of death from any cause, overall CVD,
major CVD events, stroke, and heart disease.

Materials and Methods

Study population

The study population consists of individuals participating in the ongoing population-based,
prospective cohort study, Health Effects of Arsenic Longitudinal Study (HEALS), in
Avraihazar, Bangladesh established in 2000 to investigate the health effects of arsenic
exposure from groundwater. Details of the study have been presented elsewhere (Ashan et
al, 2006). A total of 11,746 apparently healthy individuals were recruited between October,
2000 and May, 2002 from a well-defined 25 km? area in Araihazar with a response rate of
97.5%. The key eligibility criteria were being married, being 18 years of age or older, and
being a resident in the area for at least 5 years. Participants were followed up with in-home
visits every two years, including a physical examination, blood pressure measurement, and
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structured interview. Diabetes at baseline was assessed using questionnaire. The self-report
status has been shown to be related to levels of HbAlc and urinary glucose level in our
cohort (Chen et al, 2010). Both height and weight were measured three times at baseline and
averaged. BMI was calculated as average weight in kilograms divided by average height in
meters, squared (Pierce et al, 2010). The study procedures were approved by the Ethical
Committee of the Bangladesh Medical Research Council and the Institutional Review
Boards of Columbia University and the University of Chicago.

The present study included data from baseline, follow-up 1 (9/2002-5/2004), follow-up 2
(6/2004-8/2006), and follow-up 3 (1/2007/3/2009). Mean period between visits was 2.2
years. Blood pressure was measured at the baseline, first, second and third follow-ups with
the same methodology as in the baseline and the participation rate was 97.5, 96.9, 93.6, and
92.2% of the cohort participants at the baseline, respectively. We limited the analysis to
individuals who had their BP recorded at baseline and who completed at least one additional
BP measurement during follow-up and estimated variability as the standard deviation (SD)
across the study visits. Health awareness and knowledge about the etiology of hypertension
is very limited in rural Bangladesh, and only 2-3 % individuals with high BP have any
treatments in our cohort (Chen et al, 2006; Chen et al, 2007). We also excluded individuals
with missing information regarding body mass index (BMI), betel leaf use, smoking status
and education. The total number of individuals excluded was 593 (5% of total cohort). The
distributions of other lifestyle and demographic variables among those excluded were very
similar to the overall cohort (data not shown). The final study population included 11,153
subjects. Details of baseline characteristics of the entire cohort relative to the participants
included in this analysis are presented in Appendix Table 1.

Blood pressure measurements

Briefly, blood pressure was measured by trained clinicians using an automatic
sphygmomanometer (HEM 712-C; Omron Healthcare GmbH, Hamburg, Germany) (Chen et
al, 2011; Chen et al, 2007; Pierce et al, 2010). This model has been validated to have 85
percent of readings falling within 5-10 mmHg of the mercury standard. Measurements were
taken with participants in a seated position after 5 minutes of rest, with the cuff around the
upper left arm, in accordance with recommended guidelines. Measurements were done in
the right arm at all visits. Two additional measurements were taken after for respondents
found to have a SBP of 2140 mmHg and/or a DBP of =90 mmHg at the first measurement,
and the measurement with the lowest blood pressure was recorded. Blood pressure data from
individuals who were taking medicines for hypertension at the time of measurement during
follow-up were censored (<2%). The number of participants who had their BP measured
more than once was 1407, 1125, 1506, and 1229 in follow-ups 1,2,3, and 4 respectively.
Study participants were asked to show all medicines they were taking regularly, and the
interviewers recorded generic names. A total of 818 participants were hypertensive at
baseline and only 110 participants were taking antihypertensive medicines at the time of
baseline interview.
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The study outcome of interest was 1) all-cause mortality; 2) CVD mortality, defined as
deaths due to disease of circulatory system (ICD-10 100-199); 3) major CVD mortality
(ICD-10 120-125 and 160-169); 4) stroke mortality (160—-169); and 5) heart disease mortality,
which included deaths due to ischemic heart disease (120-125) and deaths due to other forms
of heart disease (130-152). We a priori combine deaths due to ischemic heart disease and
other forms of heart disease in a category for heart disease (Chen et al, 2011). Deaths were
identified among cohort participants from baseline to March 18, 2009 (end of third follow-
up). Details of the methods for the assessment of causes of deaths are described elsewhere
(Chen et al, 2011; Pierce et al, 2010; Argos et al, 2010). Briefly, we adapted a validated
verbal autopsy procedure, developed by International Centre for Diarrhea Disease Research,
Bangladesh (ICDDR, B) in collaboration with WHO. During the follow-up, upon receipt of
a death reported by family or neighbors, a team of study physician and a trained social
worker administered the verbal autopsy form to the next of kin. Medical records of the
deceased were collected. Information on death certificates and biopsies was ascertained.
Causes of deaths were coded by an outcome assessment committee blinded to participants’
blood pressure records according to the WHO classification (WHO, 2007) and the
International Classification of Diseases, 101" Revision (ICD-10). ICDDR, B has used this
method to ascertain causes of deaths since 1971 (Baqui et al, 1998; Sohel et al, 2009) and
documented an overall 95% specificity and up to 85% sensitivity for cardiovascular deaths
(Howard and Rothwell, 2009). We observed 113, 120, and 174 deaths during the first,
second, and the third follow-up, respectively. The ascertainment for cause of death had a
minimal loss, as previously described (Argos et al, 2010). We were unable to ascertain the
relationship status of one informant. In three cases, we could not ascertain the causes of
death.

Statistical Analysis

For each subject, we estimated SD of systolic BP (SBP) using all available longitudinal
measurements of BP ascertained at baseline and during follow-up before death or end of the
third biennial follow-up visit, whichever came earlier. We first conducted descriptive
analyses to examine trends in baseline characteristics across tertiles of SD of SBP. In linear
regression models, log-transformed SD of SBP was used as the dependent variable. We
assessed the baseline characteristics first individually as the independent variables and then
repeated the analysis including all the variables that were significantly related to the SD of
SBP (p < 0.05) in the model.

We then used Cox proportional hazards models to estimate hazard ratios (HR) for deaths
due to any cause, CVD, major CVD, heart disease, and stroke per increase in SD of SBP.
The assumption of proportional hazards was examined by testing the cross product terms
between covariate variables and log function of survival time, and P values for all the terms
were >0.10. We used SD of SBP (log transformed) as a continuous variable first in an
unadjusted model. In separate models, we adjusted potential confounders including age, sex,
baseline SBP, and betel leaf use; these were risk factors of all-cause and CVVD mortality that
were also predictive of SD of SBP in our population, based on the results of the linear
regression. Evidence from several epidemiologic studies has suggested that betel nut use,
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which is common in South Asian, is related to CVD (Guh et al, 2007; Lin et al, 2008; Yen et
al, 2008; Heck et al, 2012). Analyses with additional adjustments for BMI and smoking
status were conducted; however the effect estimates did not change appreciably and
therefore the results are not shown. We also calculated HRs comparing each of the higher
tertiles of SD of SBP with the lowest tertile as the referent group to describe the shape of the
associations.

In addition, we estimated the joint effect of baseline SBP and the SD of longitudinal SBP.
We estimated hazard ratios for all-cause, overall CVD, major CVD, heart disease, and stroke
mortality comparing joint status of baseline SBP and the SD of longitudinal SBP, with each
variable dichotomized using the median in the population, using individuals with low
baseline SBP and low SD of SBP as the reference group. Sensitivity analyses were
conducted excluding individuals who were taking blood pressure medicine at baseline (n =
105). All analyses were conducted using R version 2.14.0.

The average number of SBP measurements was 3.84 (range: 2—4). The characteristics of our
study population were similar to those of the entire cohort (Appendix Table 1). The majority
of study participants (88%) completed all four BP measurements, 8% exactly three and the
remaining 2% completed only two. The mean SD of SBP, which did not differ by number of
BP measurements available for analyses, was 10.17, 10.62, and 10.27, for participants who
completed 2, 3, and 4 BP measurements, respectively. Summary of SBP per visit according
to sex and age group is presented in Appendix Table 2.

Correlates of Standard Deviation of Longitudinal Systolic Blood Pressure

Association

Participants with higher level of variation of SD in longitudinal SBP were more likely to be
older, women, and to have a higher level of BMI, baseline SBP and diastolic BP (DBP)
(Table 1). In addition, the proportion of participants who chew betel leaf was lower in
increasing tertiles of SD of longitudinal SBP.

Table 2 shows relationships between selected cardiovascular disease risk factors and SD of
SBP estimated using a linear regression. In model 1 we included age, sex, BMI, education,
smoking status, baseline SBP and DBP, betel leaf use, diabetes status and well arsenic,
alternatively one at the time. Each of the variables including age, sex, baseline SBP and
betel leaf use was significantly related to the SD of the SBP after controlling for all the other
variables (model 2). Age, sex, and baseline SBP were positively related to SD of the SBP,
while betel leaf use was inversely related to it.

between Standard Deviation of Longitudinal SBP and Mortality

During an average of 6.5 years of follow-up, 333 participants died. Among them, 151 (45%)
died from CVD (ICD-10 100-199), of which 66 died from stroke (160-169), and 127 died
from heart disease, including 52 from ischemic heart disease (120-125) and 25 due to other
forms of heart disease (130-152), which consisted mostly of heart failure (150.0-150.9, n =
24) and ventricular tachycardia (147, n = 1).
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Overall, there was a positive association between SD of SBP and all-cause mortality (Table
3). Participants in the highest tertile of SD of SBP were 1.66 (95% CI 1.30-2.13) times more
likely to die. However, the association disappeared after adjusting for age and sex and other
potential confounders (Models 1 and 2 in Table 3). The positive associations of the SD of
SBP with all- and major- CVD mortality were significant in all three models when SD of
SBP was considered as a continuous variable, although the point estimates were not always
statistically significant. Participants in the highest tertile of SD of SBP were 1.27 (95% CI
0.85-1.92) and 1.70 (1.03-2.82) times more likely to die from any CVD and major CVD,
respectively. There was also a positive, significant association between SD of SBP and
stroke mortality in sex and age adjusted models, but the association was not significant with
additional adjustments (p- trend = 0.16). In sensitivity analyses, the association did not differ
appreciably after excluding 105 people taking antihypertensive medicine (not shown).

Stratified Analysis According to joint status of SD of SBP and Baseline SBP

Compared with individuals with low baseline SBP and low SD of SBP, the risk of death
from any cause, all CVD, and major CVD was significantly greater among those with high
baseline SBP and high SD of SBP in the age- and sex- adjusted model; on the other hand,
the risk of death from any cause, all CVD, or major CVD was not statistically significant
among participants with either high SD only or high SBP only. In the fully adjusted models,
compared with individuals with low baseline SBP and low SD of SBP, the risk of death
from overall CVD, major CVD, or stroke was significantly greater among those with high
baseline SBP and high SD of SBP, but the risks of death from CVD were not statistically
significant among participants with either high SD only or high SBP.

Discussion

In this rural Bangladeshi population, we found a positive association between variability in
longitudinal SBP and the risk of death due to overall CVD, major CVD, and stroke.
However, the association for all-cause mortality and mortality from CVD subtypes were
attenuated after controlling for baseline systolic blood pressure and other variables. The
main effect of longitudinal blood pressure variation on mortality from overall and major
CVD was independent of usual blood pressure level. In stratified analysis however, we
found that risk of all-cause, overall CVD, major CVD and stroke mortality was greater for
individuals with high baseline and high SD of SBP than those with either high baseline SBP
or high SD of SBP alone, suggesting that usual value and variability of SBP jointly
increased mortality risk.

Several studies have reported an association between long-term BP variability and mortality
among individual with pre-existing CVD (Rothwell et al, 2010; Brunelli et al, 2008). More
recently, Muntner et al (2011) reported a positive association between long-term SBP
variability and total mortality, independent of the usual level of systolic blood pressure in
US adults. To the best of our knowledge, the present study is the first that investigated the
relationship between variation in blood pressure and mortality in a rural population of a low-
income country. We found that BP variability over time was significant related to the risk of
overall CVD and major CVD but not all-cause mortality. There could be a few possible
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reasons for the difference in the findings reported in this study and the ones reported by
Muntner et al. First, although both studies considered the general population there are
inherent differences in both populations in terms of socioeconomic development Bangladesh
is one of the Least Developed Countries according to the United Nations’ classification, and
half of the study population did not have any formal education at baseline. Second, the usual
SBP in the US population is much higher than that in rural Bangladeshi population. Also,
the follow-up time in our study (6.5 years) was much shorter than that in Muntner et al (12—
18 years). Visit-to-visit SBP variability observed over several years, as observed in the
present study, may be more specifically related to CVD mortality.

We found that there was no joint effect of baseline SBP and high SD of SBP on heart
disease mortality, implying that the positive associations observed for all-cause and CVD
mortalities are driven by stroke mortality. Unlike the usual level of SBP which has a linear
relationship between risk of both heart disease and stroke, variability of the SBP over time
may be a risk factor unique to stroke. There have been a few hypotheses about the
mechanisms by which visit-to-visit BP variation can cause cardiovascular events. For
example, it could be an expression of some underlying cardiovascular pathology such as
baroreceptor reflex dysfunction (Rothwell, 2010). Another explanation could be the use of
calcium-channel blockers (reduce BP variability) or t B-blockers (increase BP variability)
(Rothwell, 2010), which do not apply to our population as most study participants do not
take medications.

Our study is innovative in that it is the first one considering a South-Asian population. The
strength of this study lies in the use of a very large apparently healthy population cohort for
which comprehensive data for all other risk factors were available. We cannot rule out the
role of potential confounders such as physical activity and psychosocial stress that were not
fully controlled for in the analyses. Potential confounding due to these factors could be
controlled for to the extent that BMI and educational attainment were related to these
factors. While it is possible that we introduced a bias due to exclusion of participants with
less than 2 SBP measurements, the characteristics of the entire cohort are very similar to
those of our study population (Appendix Table 1). On the other hand, the study population
was very lean, with an average BMI of 19.8 kg/m?, and our study is limited by the relatively
short follow-up period. Therefore, the results may not be generalized to other populations,
especially the western population.

Conclusion

In a rural Bangladeshi population, visit-to-visit SBP variability observed over an average of
6.5 years may be an important risk factor for overall and major CVD mortality, especially in
individuals with a higher than usual SBP. The findings, if confirmed by future studies, may

have public health implication that it is critical to reduce variation of SBP among those with
a high SBP.

Prev Med. Author manuscript; available in PMC 2015 February 03.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Yinon et al. Page 8

References

Aho K, Harmsen P, Hatano S, Marquardsen J, Smirnov VE, Strasser T. Cerebrovascular disease in the
community: results of a WHO collaborative study. Bull World Health Organ. 1980; 58:113-30.
[PubMed: 6966542]

Argos M, Kalra T, Rathouz PJ, Chen Y, Pierce B, Parvez F, Islam T, Ahmed A, Rakibuz-Zaman M,
Hasan R, Sarwar G, Slakovich V, van Geen A, Graziano J, Ahsan H. Arsenic exposure from
drinking water, and all-cause and chronic-disease mortalities in Bangladesh (HEALS): a prospective
cohort study. Lancet. 2010; 376(9737):252-8. [PubMed: 20646756]

Ashan H, Chen Y, Parvez F, Argos M, Hussain AL, Momotaj H, Levy D, van Geen A, Howe G,
Graziano J. Health effects of arsenic longitudinal study (HEALS): description of a multidisciplinary
epidemiologic investigation. J Expo Sci Environ Epidemiol. 2006; 16(2):191-205. [PubMed:
16160703]

Baqui AH, Black RE, Arifeen SE, Hill K, Mitra SN, al Sabir A. Causes of childhood deaths in
Bangladesh: results of a nationwide verbal autopsy study. Bull World Health Organ. 1998; 76:161—
71. [PubMed: 9648357]

Brunelli SM, Thanadi RI, Lynch KE, Ankers ED, Joffe MM, Boston R, Chang Y, Feldman HI.
Association between long-term blood pressure variability and mortality among incident
hemodialysis patients. American Journal of Kidney Diseases. 2008; 52:716—726. [PubMed:
18752875]

Chen Y, Factor-Litvak P, Howe GR, Parvez F, Ahsan H. Nutritional influence on risk of high blood
pressure in Bangladesh: a population-based cross-sectional study. Am J Clin Nutr Nov. 2006; 84(5):
1224-1232.

Chen Y, Factor-Litvak P, Howe GR, Graziano JH, Brandt-Rauf Paul, Parvez F, van Genn A, Ashan H.
Arseni exposure from drinking water, diatery intake of B vitamins and folate, and risk of high blood
pressure in Bangladesh: A population-based, cross-sectional study. Am J Epidemiol. 2007;
165:541-552. [PubMed: 17164464]

Chen Y, Ahsan H, Slakovich V, Peltier GL, Gluskin RT, Parvez F, Liu X, Graziano JH. No association
between arsenic exposure from drinking water and diabetes mellitus: a cross-sectional study in
Bangladesh. Environ Health Perspect. 2010; 118(9):1299-305. [PubMed: 20813654]

Chen Y, Graziano JH, Parvez F, Liu M, Slakovich V, Karla T, Argos M, Islam T, Ahmed A, Rakibuz-
Zaman M, Hasan R, Sarwar G, Levy D, van Geen A, Ahsan H. Arsenic exposure from drinking
water and mortality from cardiovascular disease in Bangladesh: prospective cohort study. BMJ.
2011; 342:d2431. [PubMed: 21546419]

Cuffe RL, Howard SC, Algra A, Warlow CP, Rothwell PM. Medium-term variability of blood
pressure and potential underdiagnosis of hypertension in patients with previous transient ischemic
attack or minor stroke. Stroke. 2006; 37:2776-2783. [PubMed: 17008634]

Global health risks: mortality and burden of disease attributable to selected major risks. World Health
Organization; 20009.

Guh JY, Chen HC, Tsai JF, Chuang LY. Betel-quid use is associated with heart disease in women. Am
J Clin Nutr. 2007; 85:1229-35. [PubMed: 17490957]

Howard SC, Rothwell PM. Reproducibility of measures of visit-to-visit variability in blood pressure
after transient ischaemic attack or minor stroke. Cerebrovasc Dis. 2009; 28:331-340. [PubMed:
19628934]

Heck JE, Marcotte EL, Argos M, Parvez F, Ahmed A, Islam T, Sarwar G, Hasan R, Ahsan H, Chen Y.
Betel quid chewing in rural Bangladesh: prevalence, predictors and relationship to blood pressure.
Int J Epidemiol. 2012 Apr; 41(2):462-471. [PubMed: 22253307]

Kaplan, NM.; Victor, RG. Clinical hypertension. 10. Philadelphia, USA: Lippincott Williams &
Wilkins; 2009.

Lawes CMM, Vender Hoorn S, Rodgers A. Global burden of blood-pressure-related disease, 2001.
Lancet. 2008; 371:1513-1518. [PubMed: 18456100]

Lin WY, Chiu TY, Lee LT, Lin CC, Huang CY, Huang KC. Betel nut chewing is associated with
increased risk of cardiovascular disease and all-cause mortality in Taiwanese men. Am J Clin
Nutr. 2008; 87:1204-11. [PubMed: 18469240]

Prev Med. Author manuscript; available in PMC 2015 February 03.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Yinon et al.

Appendix

Page 9

Muntner P, Shimbo D, Tonelli M, Reynolds K, Arnett DK, Oparil S. The relationship between visit-to-
visit variability in systolic blood pressure and all-cause mortality in the general population.
Hypertension. 2011; 57:160-166. [PubMed: 21200000]

Parati G, Pomidossi G, Albini F, Malaspina D, Mancia G. Relationship of 24-hour blood pressure
mean and variability of target-organ damage in hypertension. Journal of Hypertension. 1987;
5:93-98. [PubMed: 3584967]

Pierce BL, Kalra T, Argos M, Parvez F, Chen Y, Islam T, Ahmed A, Hasan R, Rakibuz-Zaman M,
Graziano J, Rathouz PJ, Ahsan H. A prospective study of body mass index and mortality in
Bangladesh. Int J Epidemiol. 2010; 39:1037-1045. [PubMed: 20032266]

Pringle E, Phillips C, Thijs L, Davidson C, Staessen JA, de Leeuw PW, Jaaskivi M, Nachev C, Parati
G, O’Brien ET, Tuomilehto J, Webster J, Bulpitt CJ, Fagard RH. Systolic blood pressure
variability as a risk factor for stroke and cardiovascular mortality in the elderly hypertensive
population. Journal of Hypertension. 2003; 21:2251-2257. [PubMed: 14654744]

Prospective Studies Collaborations. Age-specific relevance of usual blood pressure to vascular
mortality: a meta analysis of individual data for one million adults in 61 prospective studies.
Lancet. 2002; 360:1903-1913. [PubMed: 12493255]

Ronsmans C, Vanneste AM, Chakraborty J, Van Ginneken J. A comparison of three verbal autopsy
methods to ascertain levels and causes of maternal deaths in Matlab, Bangladesh. Int J Epidemiol.
1998; 27:660-6. [PubMed: 9758122]

Rothwell PM, Howard SC, O’Brien E, Dobson JE, Dahlof B, Sever PS, Poulter NR. Prognostic
significance of visit-to-visit variability, maximum systolic blood pressure, and episodic
hypertension. Lancet. 2010; 375:896-904.

Rothwell PM. Limitations of the usual blood-pressure hypothesis and importance of variability,
instability, and episodic hypertension. Lancet. 2010; 375:938-948. [PubMed: 20226991]

Sega R, Corrao G, Bombelli M, Beltrame L, Facchetti R, Grassi G, Ferrario M, Mancia G. Blood
pressure variability and organ damage in a general population. Hypertension. 2002; 39(part 2):
710-714. [PubMed: 11882636]

Sohel N, Persson LA, Rahman M, Streatfield PK, Yunus M, Ekstrom EC, Vahter M. Arsenic in
drinking water and adult mortality: a population-based cohort study in rural Bangladesh.
Epidemiology. 2009; 20:824-30. [PubMed: 19797964]

World Health Organization. Projections of mortality and burden of disease, 2004-2030. 2008 Nov 11.
2011

World Health Organization. Fact sheet No 317. 2011 Nov 11.

World Health Organization. Manual of the international classification of diseases, injuries and causes
of death. Geneva: WHO; 2007.

Appendix Table 1

Comparison of baseline characteristics: all cohort vs. subjects qualified for this study

Baseline Characteristics All Cohort (n=11746)  This Study (n=11153)

Female, % 57.1 57.4
Age, years 37.1 37.0
Body mass index, kg/m? 19.8 19.8
Education Length, years 35 35
Smoker (ever), % 355 35.0
Baseline SBP, mmHg 114.7 114.6
Baseline DBP, mmHg 74.0 73.9
Betel use (past/current), % 38.0 37.9
Betel number per day 5.1 5.1
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Baseline Characteristics

All Cohort (n=11746)  This Study (n=11153)

Diabetes, %

Well

Urine As, pg/g creatinine

As, pg/L

2.1 2.2
101.5 101.3
281.3 282.3

Appendix Table 2

Mean (SD) of SBP per visit according to sex and age group

1

Visit
2 3 4

Male

115.4 (17.9)

Female 114.0 (17.5)

<35

112.0 (15.0)

35-45 114.6 (17.7)

>45

120.1 (21.4)

116.4 (18.2) 1205 (17.1) 113.1(16.7)
113.2(17.6) 118.1(165) 112.9(16.8)
1114 (14.4) 1159 (13.0) 110.1(13.9
114.6 (17.6) 118.9(16.6) 113.2(16.9)
121.2 (22.4) 1260 (21.7) 118.9(20.2)
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Coefficient estimates of characteristics associated with the standard deviation of log of SBP in a linear

regression. HEALS, 2002-2009.

Table 2

Model 1

Estimate (SE)
Female 0.112 (0.016)
Age, 10years 0.071 (0.006)
BMI, 5 kg/m? -0.012 (0.009)
Education, years 0.002 (0.002)
Smoker (ever/never) 0.027 (0.017)
Baseline SBP, 20 mmHg  0.133 (0.006)
Betel use (ever/never) —0.028 (0.011)
Diabetes at baseline —-0.013 (0.038)
Well As, 50 pg/L 0.002 (0.002)

P-value
<0.01
<0.01

0.19
0.32
0.11
<0.01
0.01
0.73
0.35

Model 2 *
Estimate (SE)
0.094 (0.012)
0.072 (0.006)

0.131 (0.006)
-0.030 (0.011)

P-value
<0.01
<0.01

<0.01
<0.01

*
includes only those variables shown to be significant in model 1 (P<0.05).
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Table 4

Page 16

Hazard ratios by category of baseline SBP (high/low)” and SD of SBP (high/low)'. HEALS, 2002-2009.

Hazard Ratio (95% CI)

Low baseline, low SD

Low baseline, high SD  High baseline, low SD  High baseline, high SD

n

Follow-up person-years

All-cause mortality

n of deaths
Model 1F
Model 28

Model 3!
All CVD

n of deaths
Model 1%
Model 28

Model 3l
Major CVD

n of deaths
Model 1%
Model 28

Model 3l
Heart disease

n of deaths
Model 1%
Model 28

Model 3l
Stroke

n of deaths
Model 1F
Model 28

Model 3!

3321

22049.8

67
1 (ref)
1 (ref)
1 (ref)

20
1 (ref)
1 (ref)
1 (ref)

72
1 (ref)
1 (ref)
1 (ref)

33
1 (ref)
1 (ref)
1 (ref)

1 (ref)
1 (ref)
1 (ref)

2519
16737.2

59
1.16 (0.82-1.65)

0.95 (0.67-1.35)

0.94 (0.66-1.33)

23
1.52 (0.83-2.76)

1.20 (0.66-2.19)

1.17 (0.64-2.14)

17
2,51 (1.17-5.39)

1.96 (0.91-4.21)

1.91 (0.89-4.12)

28
1.14 (0.69-1.88)

1.15 (0.70-1.91)
1.11 (0.66-1.84)

9
2.38 (0.80-7.09)

1.75 (0.59-5.24)

1.74 (0.58-5.21)

2257
14870.1

68
151 (1.08-2.12)

1.18 (0.84-1.65)

1.10 (0.78-1.55)

25
1.87 (1.04-3.36)

1.40 (0.77-2.52)

1.32 (0.73-2.38)

19
2.54 (1.16-5.55)

1.87 (0.85-4.09)

1.81 (0.82-3.97)

20
0.91 (0.52-1.59)

0.94 (0.54-1.65)
0.97 (0.55-1.69)

11
3.30 (1.15-9.50)

2.30 (0.80-6.64)

2.33 (0.80-6.75)

3056
20205.1

139
2.26 (1.68-3.02)

1.37 (1.01-1.84)

1.28 (0.95-1.73)

83
455 (2.79-7.42)

2.55 (1.55-4.19)

2.40 (1.45-3.96)

10
7.89 (4.07-15.29)

4.27 (2.18-8.36)

4.10 (2.09-8.05)

21
0.70 (0.40-1.21)

0.74 (0.43-1.29)
0.75 (0.43-1.31)

41
9.02 (3.56-22.83)

4.42 (1.72-11.32)

4.43 (1.72-11.40)

Based on median (=113 mmHg)

TBased on median (=9.32 mmHg)

iUnadj usted

§Adjusted for age (years) and sex

Adjusted for age (years), sex, heart rate, and betel leaf use (ever/never)
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