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Abstract 

The burden of hypertension related morbidity and mortality in Tibetans is quite 

profound and disproportionate when compared to other Chinese populations.  Thus, 

there is an impetus to focus on low-cost sustainable health interventions to ameliorate 

this tremendous chronic disease burden through improving risk factor modification and 

blood pressure control.  Factors that are predictive of non-compliance of first-line low 

dose hypertensive medications are not known in semi-nomadic Tibetan herdsmen 

residing at high altitude.  We have hypothesized that there are factors associated with 

non-compliance with anti-hypertensive medication, include demographic factors such as 

age and sex, and type of anti-hypertensive medication.  A secondary hypothesis is that 

rates of non-compliance with anti-hypertensive medications are similar in subjects 

randomized to either the reduced sodium salt substitute or normal salt treatment arms.    

To better understand the factors associated with anti-hypertensive medication 

compliance in this population, we have conducted a retrospective analysis of 242 

individuals a database from a single blinded (subject level) equal allocation randomized 

control trial for a dietary reduced sodium salt substitute completed in 2009.  Individuals 

have been recruited from two townships at 4300 m altitude and northwest of Lhasa, the 

regional capital.  Eligibility criteria have included: age 40 years and older, hypertension 

(≥ 140mmHg / ≥ 90 mmHg), enrollment in dietary salt substitute trial, and prescription 
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of an anti-hypertensive medication.  Non-compliance to prescribed medication at three- 

and six-month follow-up is our primary outcome variable. Predictor variables have been 

assessed for association with non-compliance included: Sex, age, blood pressure 

classification at baseline, township, class of medication, and trial arm assignment have 

been examined as the major predictor variables.  Univariate and stepwise multivariable 

logistic regression models have been constructed using STATA 11.2 (STATA INC. 

College Station, TX) for association with medication non-compliance.    

The overall rate of non-compliance is 33.0% (38/115) at three months and 12.9% 

(28/217) at six months of follow-up.  After three months of follow-up, individuals with 

stage I and stage II hypertension are more likely to be compliant with their prescribed 

medication with adjusted odds ratio 0.03 (95% confidence interval [CI]: 0.002-0.70, 

p=0.028) and adjusted odd ratio 0.13 (95% CI: 0.012-1.37) p=0.089,) respectively.  The 

reference group includes individuals with only isolated systolic/diastolic hypertension.  

Furthermore, at six months of follow-up, combination pharmacologic therapy 

(hydrochlorothiazide/indapamide with enalapril) are likely to be compliance with an 

adjusted odds ratio 0.20 (95% CI: 0.05-0.81, p=0.023).  The reference group includes 

individuals receiving diuretic only (hydrochlorothiazide/indapamide).  No other 

variables are significant in multivariable analyses for either time point. 
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The impact of our findings suggests that first-line medication for hypertension 

can be successfully implement alongside reduced sodium dietary salt substitute.  

Interestingly, subjects receiving combination therapy are more likely to be compliant 

than individuals receiving diuretics alone.  This is contradictory to prior reports of 

decreasing compliance with more complicated drug regimens.  A potential explanation 

for our findings is that the population examined in this study is not “naïve" as the 

general population. Over half of individuals in this current trial are former participants 

in a cross-sectional hypertension screening conducted by our group.  This self-motivated 

subject has demonstrated a desire for more cardiovascular health care suggesting 

increased motivation to be compliant and has been on anti-hypertension medication at 

least six months prior to the start of this trial.  The remainder of subjects are “naive “and 

are for the first time receiving any health education and treatment for their 

hypertension.  The daily dosing regimen and self-awareness of their hypertension status 

are still new concepts that might be explanatory for the higher rate of non-compliance 

observed.   
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1. Introduction 

1.1 Problem Statement 

Most developing countries have been projected in the next decade to experience 

an epidemiologic transition from infectious diseases to chronic conditions such as 

cardiovascular disease (CVD) as the primary health burden.  The identification of cost-

effective preventative measures needs prioritization to combat this impending wave of 

chronic diseases.  Health systems in developing countries are in danger of being 

overwhelmed if not adequately prepared.  In particular, China has a significant chronic 

burden of disease related to stroke arising from high population-wide prevalence of 

hypertension (1-4).   

The challenge of identifying interventions that improve risk factors while being 

low cost and sustainable is looming.  However, in many parts of the developing world, 

scant data exist to determine how to improve CVD risk.  Among individuals with 

hypertension (one of the most modifiable risk factors for CVD), compliance with 

prescribed hypertension treatment has been shown to decrease subsequent morbidity 

and mortality (5-12). 

This thesis has analyzed available data from a clinical trial of salt substitution for 

management of hypertension in elderly pastoralists in Tibetan Autonomous Region, a 

group that has significantly higher rates of hypertension and stroke when compared to 
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national Chinese average.  The primary objective is identification of potential factors for 

non-compliance with these first line interventions.  We hypothesize that subject 

demographics such as age, gender, and type of prescribed medication will be prominent 

predictors of medication non-compliance.  These results are useful in attempts toward 

identification of potential barriers of population wide uptake of the intervention.  To our 

knowledge, this is the first such study of medication non-compliance in Tibetan elderly. 

1.2 Burden of Disease 

The World Health Organization predicts cardiovascular disease (CVD) has been 

forecasted to become the leading cause of disability adjusted life years (DALYs) in 2020 

(13).  Future projections suggest over 80% of the global burden of CVD to reside in low 

and middle income countries (14).  The shift from infectious to chronic disease causes 

significant concern for ill-prepared health infrastructures in many developing countries 

(15).  This disease burden manifests in China as CVD, accounting for nearly 34.8% of all 

deaths and 43.8% of chronic disease deaths (16).  The morbidity from CVD contributes 

1948 age-standardized DALYS per 100,000 Chinese persons (17).  In 2004, Chinese adults 

have lost nearly 37.5 million person-years due to hypertensive heart disease, ischemic 

heart disease, diabetes, and cerebrovascular diseases combined (17).  Health economists 

have estimated dire financial implications for China with direct costs of US$40 billion 

and indirect costs of US$80 billion stemming from CVD (18).   
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The epidemiologic distribution of CVD subtypes in China is distinct from most 

other countries with higher proportions of stroke in comparison to North America and 

Europe.  The number of stroke related deaths in China accounts for three times the 

number from ischemic heart disease deaths (17, 19).  Mortality due to stroke is up to five 

times higher in Chinese populations versus individuals of European descent.  European 

CVD mortality is primarily from cerebral ischemic events (20).  Approximately 62% of 

strokes in China are ischemic, 30% are hemorrhagic, and remanding 8% of unknown 

subtype composition (1).  Further, the risk for mortality from hemorrhagic strokes is two 

to three times higher than ischemic strokes, which is contrary to the mortality patterns 

from other countries (1).  Hypertension has been postulated as the primary culprit for 

hemorrhagic stroke.  Furthermore, prior reports are suggestive  that large amounts of 

dietary sodium consumption are likely risk factors for hypertension (21).   

1.3 Identification and Prevalence of Risk Factors 

There are several widely available clinical assessment instruments for CVD and 

stroke helping medical professionals manage a plethora of previously identified risk 

factors.  The instruments or risk prediction equations (RPE) have been modeled from 

large longitudinal cohort studies, which identify four major categories of risk factors: 

demographic, behavioral, past medical history, and levels of biochemical markers (22-

24).  However, RPEs that have been constructed in Caucasian cohorts may not perform 

well in non-Caucasian populations.  Further, clinicians have been reluctant to use RPEs 
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due to recent reports of poor performance of various RPEs in non-European Caucasian 

populations common in developing countries (25, 26).  The reason for the 

underestimation or overestimation of risk by available RPEs in non-European Caucasian 

populations is not well understood (24-28).  This issue is particularly relevant in China, 

where globally validated risk factors for developing CVD are insufficient in explaining 

the disproportionately higher burden disease of stroke and cerebral vascular disease 

when referencing developed countries such as the United States and Great Britain (22, 

29, 30).   

 Chinese individuals are at higher risk for ischemic stroke if they have any of the 

following risk factors: elevations of blood pressure, elevated lipoprotein A, elevated 

apolipoprotein A-I, high body mass index (BMI), or any prior history of smoking (31, 

32).  Adulthood obesity is a developing concern in China with rural to urban transition 

of urban lifestyles on-going, though the overall prevalence is still relatively low for both 

males at 2.4% and females at 3.4% (33).  Smoking is however a large concern in China 

with a gender imbalance of nearly 60% of male adults defined as regular smokers, in 

contrast to only 3.7% of adult females (33).  Dyslipidemia prevalence is higher in urban 

districts at 21% in comparisons to rural districts at 17% (34, 35).  Type 2 diabetes mellitus 

(DM) has been estimated to occur between 5.2 to 5.8% of adult Chinese between the ages 

of 35 to 74, but is not predictive of stroke risk in Chinese population (36).  Currently, the 

rate of DM without diagnosis ranges from 25 to 33% in adult Chinese (36).  
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Levels of traditional risk factors (i.e. smoking, alcohol use, BMI, among others) 

and the potential effects of high altitude do not appear to sufficiently account for the 

broad distribution and magnitude of disease reported in Tibetans, which has led to 

speculation about the etiologic mechanism(s) responsible.  In our study population of 

Tibetans, the smoking prevalence for males and females at 17.2% and 8.0%, respectively, 

which are lower than the national rates of nearly 60% in males and 5% in females in 2002 

(37).  There are urban rural differences in hypertension in the Tibetan population with 

the 2002 Health Nutrition Survey reporting the rate of smoking in males from urban 

Lhasa was 51.9% and 8.98% in females  (38).    

1.3.1 Hypertension in China 

Hypertension has been shown to be the primary risk factor in Chinese subjects 

that is significantly associated with an increased risk of hemorrhagic stroke.  The odds 

that hypertensive subjects will experience a hemorrhagic stroke have been shown to be 

three times the odds of patients without hypertension (31).  The PAR (population 

attributable risk) from hypertension has been estimated to be 31% for ischemic versus 

42% in hemorrhagic stroke for Chinese populations(32).  Contrastingly, in European 

Caucasians the PAR is only 25% for ischemic cases and 34% for hemorrhagic (32).  The 

subtype of hypertension in Chinese populations is also significantly correlated with the 

risk of stroke.  Chinese adults with both systolic and diastolic hypertension are shown to 

be at three times the risk of developing any kind of stroke when compared to 
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normotensive patients.  Adults with isolated systolic or diastolic hypertension are at 

only two times the risk of experiencing any stroke (39).  Further, these hypertensive 

individuals are at four times the risk of developing hemorrhagic stroke and two times 

the risk of developing ischemic stroke when compared to the normotensive group (39). 

Chinese with isolated systolic or diastolic hypertension are at up to two and half times 

the risk of developing ischemic or hemorrhagic stroke (39).  This belies the importance of 

managing subjects with severe hypertension early and aggressively to reduce the risk of 

stroke and mortality.   

Hypertension is one of the more common modifiable risk factors in China, with 

an overall adult prevalence estimated at 27% (40).  The prevalence of hypertension does 

vary by region, gender, and by age-group membership in China.  Hypertension tends to 

be more prevalent in urban areas than rural ones by nearly 8% for men; but prevalence 

in women is not significantly differ between geographical regions in China (41).   

Though, a more recent report of nearly 24,000 adults from the Liaoning Province reports 

a higher prevalence of female rural hypertension of nearly 39% (42).  In the age group of 

35 to 44 years the prevalence of hypertension is 12.5% and climbs linearly to nearly 50% 

in the 65 to 74 years age group, which mimics the prodigious climb in hypertension 

prevalence in elderly Tibetans (43).   

Despite being one of the most common risk factors, treatment and control for 

hypertension is quite low in China with between 1.9 to 6.1% of all cases successfully 
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managed by any method including antihypertensive medications (20, 42).  This low level 

of management is probably due to a low level of self-awareness of hypertension in 

China of only 30.2% (44).  While the United States reports a similar age standardized 

hypertension prevalence of 28.9%, the level of awareness, treatment, and control of 

hypertension is markedly higher than those reported in China, at 71.8%, 61.4%, and 

35.1%, respectively (45, 46).  The odds of awareness are strongly correlated with recent 

blood pressure screening.  Chinese individuals with blood pressure screening within the 

past year are 47.4 more likely to be aware of hypertension when compared patients with 

a blood pressure screening from five years or longer ago (44).  These findings suggest 

more aggressive public health campaigns for blood pressure screening in adults in 

China to improve individual awareness and subsequently treatment.   

This high level of hypertension in Chinese populations is thought to be 

correlated with a very high level of dietary salt intake(21) which from a recent national 

survey is nearly three times the WHO recommended amount levels (2, 47, 48).  Thus, 

addressing issues of education, screening, diagnosis, prevention and treatment of 

hypertension is of vital import in reducing cardiovascular morbidity and mortality in 

China. 

1.3.2 Hypertension in Tibetans 

Large-scale epidemiologic investigations have been carried out in China which 

have revealed a troubling trend of increasing prevalence of hypertension and other 
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CVD-related diseases (37, 49-52).  Interestingly, several minority Chinese populations 

such as Tibetans have consistently higher rates of hypertension and stroke when 

compared to national levels.  These findings in Tibetans are perplexing due to a 

relatively lower prevalence of risk factors for hypertension (i.e. smoking, alcohol use, 

obesity, among others).   

Perplexingly, prior reports have suggested lower rates of hypertension in other 

high altitude dwelling populations in the Andes and Ethiopia which is discordant with 

the rates observed in Tibetan populations (53-56). In un-acclimated individuals with 

ascending altitude there has been a widely observed phenomenon of initial blood 

pressure elevation, which has been rapidly mitigated in a period of two weeks.  The 

general trend for the blood pressures at high altitude is to be lower in non-highland 

populations in comparison to the subjects’ blood pressures at sea level (57). 

In Tibet 1979, a cross-sectional study of 36,000 adults residing within six districts 

of the Tibetan Autonomous Region have reported an age standardized 9.94% prevalence 

of stage II hypertension a twofold higher rate than acclimated Han residents in the 

region or observed nationally (58).  In 1980, the National Hypertension Survey have 

reported an age-standardized prevalence of all hypertension of 22.3% in Tibet which is 

nearly three times the national rate (50).  Furthermore, in a 1991 the National 

Hypertension Survey has revealed an age-standardized prevalence of hypertension in 

Tibetans of 21.04%. Although, only double the Chinese national rate at that time (52).  
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Most recently, in the 2002 National Nutrition and Health Survey reports the 

hypertension prevalence gap has been narrowing in comparison to prior decades when 

examining Tibetans 25% against the national average of 19% (59).  This is indicative of 

the increasing burden of CVD nationally, concurrent with relatively unchanging levels 

in Tibet.     

A recently completed cross-sectional survey by our group in rural Tibet are 

confirmatory of the past reports of extremely high rates of hypertension in Tibetans with 

an age-standardized rate of 57.1% which is higher than the age-standardized rate of 25% 

from the 2002 National Health Nutrition Survey (38, 40, 50, 58).  Furthermore, there is a 

prodigious climb in hypertension prevalence with Tibetans in the 50 to 59 years old age 

group having a rate of 70.1% and increasing to 90.1% in the 70 years and older 

group(60).  Our group’s findings are also suggestive of a distinctive rural versus urban 

differences in Tibet, with unexpectedly higher rates of hypertension in rural 

populations.   

Further, the rates of awareness, treatment, and control in our previously 

conducted cross-sectional study of Tibetan elderly are dismal at 19.9%, 5.9%, and 0.3%, 

respectively.  In comparison to the rural China national relevance of awareness, 

treatment, and control at slightly similar levels at 19% for awareness, but nearly a third 

to a tenth of the treatment and control rates that have been reported at 15%, and 3% (37).  
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The key component of the low level of awareness has been attributed to the lower 

frequency and irregularity of blood pressure screening which in turn is due to a lack of 

access and patient demand.  Consequently, Chinese subjects receiving blood pressure 

screening within the past year are at a 47.4 times more likely to be aware of their 

hypertension status in comparisons to subjects without a screening in the past five years 

(44).  In many areas in Tibet and other rural regions within China, the rugged geography 

and low population density remains significant obstacles to the regular availability of 

medical care services.   

 These notable increases in prevalence of hypertension in Tibetan populations 

mirror the recent national trends. Additionally, this preponderance of hypertension has 

been strongly associated with an extreme burden of stroke in Tibetans with the highest 

rates in China. The Tibetan age-standardized stroke incidence are450.4 per 100,000 

person and stroke mortality incidence of 370.2 per 100,000 person, both over four times 

the respective national Chinese rate (50).   

Despite being one of the most common risk factors for CVD, treatment and 

control of hypertension is quite low with less than 1% of hypertensive Tibetans in the 

previously described cross-sectional survey having successfully managed their blood 

pressure (60). The low level of management has been attributed to a low level of self-

awareness of hypertension at only 19.9% in Tibet.  More worrisome fact is that only 5.9% 

of all hypertensive Tibetans are receiving any type of antihypertensive medication(60).  
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The exact etiology of hypertension in Tibetans has been previously attributed to 

a very high level of dietary salt intake (21, 61). Prior studies have shown evidence of 

profound elevations in blood pressure associated with high dietary sodium intake in 

other populations (62-65). Concordantly, in Tibetan adults, the estimated dietary salt 

intake is nearly four to five times the WHO recommend amount of six grams daily (58). 

These high levels of dietary salt consumption have been confirmed in prior literature 

with 24-hour urinary analysis revealing excretions of over 15 grams per day of sodium 

chloride or sodium at 253.7 mmoL per day, both the highest rates in China (66, 67). This 

postulated difference have been thought to derive from the daily consumption of a 

traditional yak milk or yak butter tea (58, 61, 68) which has previously been reported to 

be as high as four liters per day in Tibetans (69).   Thus, there is a growing amount of 

evidence that points to this unique aspect of the Tibetan diet that appears to play a 

significant role in the marked level of hypertension observed, but is not necessarily 

related to the level of animal product intake and low level of intake of fruits and 

vegetables.   

The earliest report postulating on this factor as a potential culprit was presented 

in 1968 by Sehgal and colleagues who observed a peculiarly high amount of salt intake 

in a group of Tibetan migrants, mainly through the daily consumption of yak butter salt 

tea (61).  The WHO-CARDIAC study has revealed a key piece of confirmatory evidence 
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with 24-hour urine analysis showing salt excretion in Tibetans at over 15 grams per day 

or sodium excretion of 253.7 mmoL per day(67).  Interestingly, the sodium to potassium 

ratio of 7.7 in Tibetans is not significantly higher than in Han patients, but are higher 

than the two other minority Chinese groups, indicating  a dramatic level of dietary 

intake of sodium in comparison with other Chinese populations (66).  More strikingly, 

Tibetan adults in that study with a sodium excretion greater than 244 mmoL per day are 

at more  of being hypertensive with an odds ratio (OR) 1.18 (95% CI: 1.03-1.35), p = 0.02 

(67).  This elevated level of salt consumption in non-migrant adult Tibetans has been 

confirmed from prior dietary assessments.   

While dietary factors such as salt intake are a major contributor to the risk of 

hypertension in Tibetans, other behavioral and lifestyle factors may influence dietary 

factors or themselves directly related to CVD related risk factors.   Warranting further 

investigation is in our population of interest.  There are concerns that the shift from 

nomadic and agro-pastoralist communities to more sedentary urban lifestyles might also 

be contributing to the burden of CVD and other chronic diseases in Tibetans (70, 71). A 

particular information gap still exists for Tibetans in mountainous region often not 

reached by large-scale surveys due to nomadic life-style and low population density.. 

1.4 Strategies for Prevention and Management of Hypertension 

Current clinical cardiovascular risk management utilizing pharmaceutical 

hypertension management in rural China has been shown somewhat ineffective in a 
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recent randomized control trial with nearly 50% of subjects in the treatment arm (only 

receiving low dose thiazide diuretic) unable to control their hypertension despite use of 

the preferred first line anti-hypertensive agent (72).  In contrast, initial results from a 

sodium dietary reduction through adoption of a salt substitute in rural China are more 

promising.  Dietary salt substitute trials have demonstrated effectiveness in being 

accepted by users and decreasing blood pressure by nearly 10  mmHg for systolic and 5 

mmHg for diastolic (73, 74).  Assessment of the long-term effects on health outcomes 

using dietary salt substitutes in rural China is still on-going.  

1.4.1 Pharmacologic Management of Hypertension 

The four most commonly prescribed and affordable first line pharmaceutical 

treatments for hypertension are beta-blockers, thiazide diuretics, angiotensin converting 

enzyme (ACE) inhibitors, and calcium channel blockers.  A meta-analysis of 57 trials 

with 58,040 patients has revealed that inexpensive low-dose thiazide diuretics are 

reducing the risk of CVD related mortality and morbidity better than the other more 

expensive pharmaceutical regimens (9).  ACE inhibitors and calcium channel blockers 

also have been shown to reduce the risk of overall mortality and CVD-related morbidity, 

however  evidence for these two agents is currently less robust when compared to 

thiazide diuretics (9).  Interestingly, this same meta-analysis suggests that high-dose 

thiazide diuretics and beta-blockers are the least effective in managing hypertension (9).  

When first-line thiazide diuretic have been trialed in the high risk population of the 



 

 

14 

elderly with moderate to severe hypertension, meta-analysis from these 15 long term 

trials demonstrated that patients receiving placebo are at 1.1 times higher risk of 

experiencing all-cause mortality when compared to patients receiving diuretic treatment 

(8).   Patients receiving low dose diuretic treatment had a reduction in  cardiovascular 

morbidity and mortality that was 28% lower than the risk of those patients receiving 

placebo (8).  However, this meta-analysis also reported that the risk of withdrawal due 

to adverse side effects of thiazide diuretic was 1.71 times higher than the risk in subjects 

randomized to placebo (8).  Regardless, the data primarily from developed countries 

strongly suggest that inexpensive low-dose thiazide diuretics should be further 

evaluated for treatment of hypertension in the developing world (9, 75).   

A recently completed randomized control pilot study conducted in Nigeria and 

China examining only low-dose thiazide diuretic reported that only 50% of hypertensive 

individuals are successfully managed after controlling for patient compliance with 

taking their diuretic medication (72).  This finding is of great concern in China due to the 

pre-existing low management rates of hypertension and other CVD-related diseases 

such as dyslipidemia, where a recent application of Adult Treatment Panel III 

Guidelines (ATP-III) for cholesterol in the InterASIA Chinese cohort have revealed that 

only one third of adults should be receiving pharmaceutical cholesterol treatment are 

actually receiving them (76).   
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1.4.2 Compliance of Pharmacologic Interventions in China  

The information regarding the national levels of compliance of hypertensive 

medications are quite limited and regional reports available are mainly from Hong Kong 

and recent immigrants to the United States.  There are no published reports in the 

English peer review literature of the factors associated with non-compliance of Tibetan 

elderly to hypertensive medication. 

A retrospective cohort study of three month long compliance in 93,286 adult 

Chinese hypertensive patients from Hong Kong reports several factors associated with 

increasing non-compliance.  Subjects age 50 and older are at  30-48% lower risk of non-

compliance in comparison to  adults less than 50 (77).  Male are more likely to be non-

compliant than females at 1.05 times higher odds.  Furthermore, when analyzing by 

drug class subjects on beta-blockers are more likely to be noncompliant at 1.67 times 

higher odds, while subjects on calcium channel blocker or  combination therapy are 

more likely to be compliant at 0.76 and 0.73 times lower odds in comparison to the 

reference users on thiazide diuretic (77).   

A retrospective cohort study from 29,253 adult Chinese hypertensive patients, 

has reported an overall prevalence of 7.1% non-compliance of first-line anti-

hypertensive medication.  Older subjects (age 50 and older) are more likely to be 

compliant 0.71-0.78 times lower odds for non-compliance in comparison to subject less 

than 50 years.  Males are more likely to be non-compliant at 1.19 times higher odds in 
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comparison to females  (78).  Subjects with at least one co-morbidities are more likely to 

be compliant at 0.64 times the odds of subjects without any co-morbid conditions (78).  A 

retrospective study reports Chinese hypertensive subjects receiving beta-blockers are 

more likely to be non-compliant at 1.67 times higher odds in comparison to reference 

subjects receiving placebo (76).  After three years of follow-up, 21% Chinese adults 

taking beta-blockers  have been non-compliant with their medication (76).  These 

findings are especially concerning since higher risk individuals such as males are more 

likely to discontinue their hypertensive treatments and the fact that beta-blockers are the 

preferred first line agents used for pharmacologic management of hypertension in China 

(77).  This management regimen is contrary to the previously discussed meta-analysis 

indicating the superiority of low-dose thiazide and other treatment regimens.   

These findings clearly indicate the current level of anti-hypertensive treatment 

for patients in rural China is sub-optimal.  Thus, combining clinical early identification 

with first line thiazide diuretic and other low cost pharmaceutical agents (ACE 

inhibitors and/or calcium channel blockers) targeting hypertension might not be an 

adequate solution by itself to abrogate the burden of hypertension in China.  Therefore, 

another population wide intervention targeting hypertension such as reducing dietary 

sodium intake might be a worthwhile complementary intervention.       
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1.4.3 Dietary Sodium Reduction for Hypertension 

Approaches to reduce dietary sodium consumption have been identified by the 

World Health Organization that dietary salt reduction as a highly cost-effective (79) 

strategies for cardiovascular disease prevention. In particular, a reduced sodium salt-

substitute could be a low-cost alternate and/or complement to drug therapy and would 

be a feasible approach for blood pressure control in limited resource settings. 

The rationale for a strategy of dietary sodium-reduction to prevent and treat 

hypertension has been based on significant positive correlations for high sodium intake 

and elevated blood pressures through animal and human studies (62, 80).  Thus, 

attempts have been made to lower salt intake in patients especially in countries of high 

sodium intake (i.e. China).  The daily level of salt consumption of the average adult in 

China is approximately 12 grams, over two times the WHO recommended levels (2, 47, 

48).   There are distinct regional differences in the level of salt consumption, with 

residents in Shanxi (a Northern province) consuming 15 grams per day when compared 

to adults in Guangxi (a Southern province) with an average consumption of only 7 

grams per day(81).  There are also geographical differences with rural residents 

consuming on average 12.4 grams of salt per day and 8.4 grams of soy sauce; in contrast 

urban residents in China consume on average 10.9 grams of salt per day and 10.7 grams 

of soy sauce per day, respectively(81).  This preponderance of salt consumption is also 

reflective of increased levels of hypertension and urinary sodium excretion when 
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comparing adults from the North to counterparts living in the South China (81).   Thus 

prior salt-reduction strategies have attempted dietary supplementation with potassium, 

calcium, and magnesium; long-term dietary behavior changes in restricting sodium 

consumption; and the use of a low sodium dietary salt-substitute.   

1.4.3.1 Oral Supplements 

There are several postulated reasons that oral supplementations may ameliorate 

high sodium intake.  Oral potassium supplementation has been hypothesized to increase 

sodium excretion in the urine to counterbalance the higher concentrations of sodium 

from diet through sodium potassium exchangers (82, 83).  A meta-analysis of six trials 

powered by 483 participants for oral potassium supplementation alone has 

demonstrated no significant changes in blood pressures (83).   

The next two supplements do not directly alter sodium levels; but are usually 

included in commercially available salt-substitute products (2, 47, 84).  Calcium 

supplementation has been hypothesized to help reduce cardiovascular disease risk by 

decreasing intestinal absorption of lipids, increasing lipid excretion, lowering cholesterol 

levels in the blood and promoting calcium influx into cells (82, 85).  Meta-analysis of 13 

trials for oral calcium supplementation alone did not statistically lower blood pressure 

(85).  Magnesium supplementation has been hypothesized to block calcium channels 

and thereby, prevent buildup of intracellular calcium in skeletal or smooth muscles that 

would lead to contraction and an increase in blood pressure (82, 86).   Meta-analysis of 
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12 trials for oral magnesium supplementation alone did not statistically lower systolic 

blood pressure when compared to controls, however oral magnesium did statistically 

lower diastolic blood pressures (86).  More adequately powered studies are needed to 

further investigate these oral salt supplementations. Furthermore, meta-analysis of three 

adequately powered studies for combinations of oral potassium, calcium, and 

magnesium supplementation did not reveal any significant evidence for lowering blood 

pressure in hypertensive subjects (82).  Alternatively, sodium content can also be 

lowered through use of a dietary salt-substitute which has a reduced sodium content, 

while largely preserving taste and other functions of salt (i.e. pickling) (87).       

1.4.3.2 Behavioral Dietary Sodium Reduction   

Strategies to reduce dietary sodium intake through behavioral modification have 

been reported by other groups as a viable alternative to oral supplementations.   Meta-

analysis from 31 trials dietary advice behavioral based dietary salt reduction over three 

months in 802 hypertensive and 2220 normotensive patients demonstrated a mean 

reduction of 5.06 mmHg for systolic blood pressure, 2.70 mmHg for diastolic pressure, 

and urinary sodium reduction 78 mmoL per 24 hours in hypertensive patients (88).  In 

normotensive patients a mean reduction of 2.03 mmHg for systolic blood pressure, 0.99 

mmHg for diastolic pressure, and urinary sodium reduction 74 mmoL per 24 hours in 

hypertensive patients (88).    
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Meta-analysis of 11 trials that included 3514 patients for dietary advice 

behavioral based dietary salt reduction over the course of 13 to 60 months revealed 

sustained systolic blood pressures reductions of only 1.1 mmHg  and a slight decrease in 

urinary 24 hour sodium excretion 35.5 mmoL per 24 hours (89).  There are concerns of 

long-term sustainability of these long-term behavioral modifications with a prior study 

demonstrating only a net 1 gram per day reduction in salt consumption after 60 months 

of the trial which corresponded with the small sustained reduction in blood pressure 

(89).  The evidence for the sustainability of the long-term benefits behavioral 

modification for reduced salt consumption alone is insufficient and therefore behavioral 

modification combined with dietary salt-substitutes might prove more promising.   

1.4.3.3 Dietary Salt Replacement  

There are currently no peer reviewed meta-analyses available for the short-, mid-

, or long-term effects for dietary salt substitutes.   There have been two different reduced 

sodium salt substitutes, which has been demonstrated to have minimal side effects and 

been effective lowering blood pressure in short term trials in China (2, 84).    

The majority of the salt substitute that have been examined in these trials studies 

in China consists of 65% sodium chloride, 25% potassium chloride, and 10% magnesium 

sulfate (2, 47, 87, 90).  The initial pilot study by our group is a double-blinded, 

randomized controlled trial from 2004 through 2005 at 39 sites covering six provinces in 

Northern China.  The study provinces are Heilongjiang, Tianjin, Liaoning, Shanxi, 
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Shaanxi, and Beijing.  The trial has been performed with 608 hypertensive elderly 

Chinese villagers successfully completing the protocol.  After 12 months of follow-up 

the salt-substitute has demonstrated effectiveness in being accepted by users and 

decreasing blood pressure by 5.4 mmHg (95% CI: 2.3 - 8.3) for systolic and 0.7 mmHg 

(95% CI : 0.5 - 1.9) for diastolic (73, 74).  Furthermore, peripheral 7.4 mmHg (95% CI: 1.9 - 

13.0), central 6.9 mmHg (95% CI:1.6 - 12.3), and central pulse 4.5 mmHg (95% CI: 1.0 - 

8.0) pressures are significantly lowered after 12 month follow-up for this trial in rural 

Chinese villagers(90).  There are no significant differences in the proportion of adverse 

events that occurred during the trial between the salt-substitute and the placebo-control 

arm(2).  These salt substitutes do not replace all the sodium with other salts, but rather 

reduce the sodium content by 33% with potassium.  A barrier for total sodium 

substitution by potassium is the increased taste perception of bitterness associated with 

more than 33% replacement.   A randomized study in 408 rural Chinese adults 

determined that patients could not qualitatively perceive differences in saltiness, flavor, 

and overall acceptability of food prepared with normal salt and the salt-substitute (73).    

The other salt-substitute that has been studied  consists of 65% sodium chloride, 

30% potassium chloride, 5% calcium salts or CISalt (84).  The CISalt salt substitute trial 

in China after six months of follow-up revealed a mean reduction of 9.6 mmHg (95% 

CI:6.1 - 13.1) for systolic blood pressure, 5.3 mmHg (95% CI: 2.6 - 7.9) for diastolic 

pressure, and urinary sodium reduction 67.4 mmoL per 24 hours in 248 rural Chinese 
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adults from 10 villages (84).  These values are agreement with another community trial 

using CISalt in rural Portugal, where first year mean net reduction of systolic and 

diastolic blood pressure is 10.2 and 7.2 mmHg, respectively(91).  Furthermore, second 

year follow-up in this rural population in Portugal has revealed mean net reductions of 

systolic and diastolic blood pressure of 13.3 and 6.1 mmHg, respectively(91).  Though 

neither study did a qualitative taste comparison between CISalt and normal table salt, 

neither group reported significant non-compliance of the CISalt due to patients disliking 

the taste of the substitute (84, 91).   

As several other investigators have postulated (58, 61), we believe a significant 

amount of the salt intake is derived from consumption of Tibetan yak butter tea.  The 

composition of the Tibetan tea consists of a sliced corner of brick tea (a block of whole 

tea plant highly compressed and dried), one liter of boiling water, one teaspoon of salt, 

and three tablespoons of yak milk butter, resulting in approximately 5.77 grams of salt 

per liter of tea consumed.  Therefore, the Tibetan tea is more similar to a rich hearty 

broth than the loose or bag tea more common in Western countries (68).  Roasted barley, 

dried meat, or other fermented yak milk products are often added to the tea and the tea 

thus serves as a staple of the Tibetan diet.  Consistent with past dietary investigations in 

both migrant and non-migrant Tibetans, a near universal and frequent intake of yak 

butter salted tea daily is found in our population with a mean daily intake of over seven 

liters.  Although this value sounds extravagantly high, it is concordant with prior 
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literature showing a daily intake of between three to four liters of yak butter salt tea 

daily or alternatively described nearly as 30 grams of brick tea daily or a 10.7 kilograms 

of brick tea annually in a migrant Tibetan populations (69, 92).  Thus in the prior 

populations the daily salt intake from yak butter salt tea consumption alone would be 

approximately 17-23 grams of salt daily.  Furthermore, another source of salt could be 

from the salt rub used by some Tibetans to preserve the meat.  Although the brine 

solution is often removed after the meat is cured, the residue amount of sodium is 

unknown.     

1.5 Health System Overview 

The current depression in global economies has resulted in concentrated efforts to 

determining the most efficacious public health intervention, a viable solution must 

account for the cost effectiveness of the intervention for sustainability and feasibility to 

be implemented.  The understanding of the public or private sector funding mechanism 

for population wide interventions is very important.  Briefly, China is a country that has 

two main systems of social insurance split by geographic location, e.g. rural or urban 

living status.  The insurance programs include the Urban Employee’s Basic Medical 

Insurance (UEBMI) and New Rural Medical Cooperative (NRMC) that are funded in 

slightly different manners.  The funding mechanism the UEBMI has utilized a 

combination of a pay-as-you-go scheme and medical savings account (MSA) with the 

employer matching employee contributions (93).  While, the funding mechanism of the 
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NRMC has utilized funds from MSA and high deductible co-pay scheme with 

contributions by the local and national government (94).   

Recent analysis of New Rural Medical Cooperative (NRMC) has revealed 

significant limitations of the current health delivery model in adequately assessing and 

treating chronic disease (i.e., CVD) (72) and inadequate catastrophic insurance coverage 

that has resulted in significant out-of-pocket expenditures by patients (95, 96).  This 

limitation has also led to an increasing burden on the government at both central and 

provincial levels to cover the premiums of expected 700 million program enrollees by 

2020 (97, 98).  The level of population awareness and wide prevalence of risk factors for 

hypertension are indicative of potential issues with the current health delivery system in 

China.  There are some significant disparities in health by geographical region with a 

nearly 22 year difference between the best and worst life expectancies by provinces in 

China. In contrast life expectancy differences by State in the US differed only by 6.5 

years, and regionally in the UK by only 2.6 years (99).  Although Chinese constitutional 

law mandates universal health coverage, enrollment is not mandatory or always 

available to citizens (100) with nearly 41.1% of urban and 82.5% of rural households 

without coverage in 2003 (101).  Interestingly, private insurance coverage is only about 

5.6% in urban and 8.3% in rural Chinese households (102).   

Out of pocket (OOP) health expenditures in rural China are only 20% in the 1980’s; 

but have risen to more than 50% in 2005 (99).  OOP health expenditures have caused 
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more than 35% of urban and 43% of rural households (or approximately half a billion 

Chinese people) in China to fall below the national poverty line (100).  Furthermore, 14% 

of urban and 16% of rural households (or approximately 184 million Chinese people) 

have incurred catastrophic medical spending (i.e., 30% of a household’s capacity to pay) 

from preventable diseases such as stroke (100).  This spending has spurred the Chinese 

government to invest nearly US$125 billion in health care reform, however  initial efforts 

have largely been focused on purchase of high-end medical equipment in urban settings 

despite the need to investigate alternative service delivery models that might be more 

cost effective in treating the population before they develop the CVD related outcomes 

such as stroke.  

The growing burden of CVD has led to growing interest in determining the most 

optimal intervention for limited resource settings in the developing world.  A prime 

example is the tremendous burden of hypertensive related maladies such as stroke in 

China.  There is a need to determine the effectiveness (i.e., improvement in health 

outcomes), safety concerns of the proposed intervention(s), quality of service delivery, 

and sustainability in target populations for any interventions for CVD in rural China.  Of 

the two most popular population-based interventions, there is data on the effectiveness 

of traditional risk management with pharmaceutical hypertensive management(72) and 

salt reduction strategies in developed countries (4, 103-107), however the amount of 

evidence in developing countries is much less robust (47, 72, 84, 87, 108).  
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1.6 Study Conceptual Model 

 

Figure 1: Directed Acyclic Graph for Hypertension Drug Compliance in 

Tibetan Elderly. 

Utilizing the prior reports of known factors associated with hypertension drug 

non-compliance in Chinese populations and with consideration of the available 

variables for analysis we proposed the above (Fig. 1) causal diagram.  We plan to 

analyze and adjust for the covariates to elucidate a clearer picture for drug compliance 

in our population.   
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1.7.1 Research Question  

From the prior available literature in a similar population we have developed 

our primary research question is to determine factors associated with non-compliance 

with anti-hypertensive medications in Tibetans with hypertension.  Identifications of 

these factors are of potential importance due to the population-based nature of the 

interventions, sheer large numbers of the at-risk population in China, and allow 

maximum penetrance possible in future public health projects targeting hypertension.   

1.7.2 Hypothesis 

Our primary research question is to determine factors associated with non-

compliance with anti-hypertensive medications in Tibetan elderly.  We are 

hypothesizing that there would be factors associated with compliance with anti-

hypertensive medication, including demographic factors such as age and sex, and type 

of anti-hypertensive medication.  A secondary hypothesis is that compliance with anti-

hypertensive medications would be similar in subjects randomized to the reduced 

sodium salt substitute compared with those who using normal salt.  

To test our hypothesis, we have analyzed pilot data from a six month, single-

blinded (subject-level) randomized control trial for dietary salt substitute intervention 

completed in Tibet Autonomous Region in 2009, which also included a non-randomized 

anti-hypertensive medication arm.   
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2. Methodology 

2.1 Study Setting – Dates and Location 

Subjects are recruited from two townships: Yangbajing and Gongtang within 

Dangxiong County, in Tibet Autonomous Region, China. The townships are located 90 

kilometers northwest of Lhasa, the regional capital city. Each township encompasses 

about three villages and covers 800 square kilometers, all with an average altitude of 

4300 meters above sea level.  This study is a subject blinded, randomized controlled trial 

with a single parallel treatment arm design in a one to one allocation ratio, and is 

performed between February 2009 and June 2009.  

2.2 Selection of study subjects 

2.2.1 Source 

A network of prior patients from a cross-sectional study in Yangbajing have been 

contacted for their participation in this new trial, with additional patients recruited from 

Gongtang (109).  Informants at the township governmental have been asked to help 

identify potential eligible subjects to be recruited into the study.   

2.2.2 Sampling method/recruitment/sample size 

Information about the trial has been presented when possible at the township or 

village community center.  Potential subjects have been screened and consented after the 

information session with the help of a translator in the native language if they didn’t 
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understand Mandarin.  Some patients have been contacted via door-to-door visits if 

unable to come to the community center.   

2.2.3 Criteria for eligibility/exclusion of cases  

Individuals are  eligible for the trial if: aged 40 years or older at time of 

assessment and a systolic blood pressure of 140 mmHg or greater or diastolic blood 

pressure of 90 mmHg or greater.  Potential subjects cannot have any known 

contraindications for the use of the study salt substitute (e.g. potassium-sparing 

medication, potassium-supplement, or significant history of renal impairment). Because 

salt substitute are often used for the preparation of food for the whole family, the 

responsible physicians have confirmed that there are no known contraindications for 

salt-substitute use in other household members.  

2.3 Description of intervention(s) 

The anticipated allocation ratio between the intervention arm and control arm is 

set to one to one. The length of the overall trial is six months with follow-up at three 

month intervals for resupply of assigned dietary salt treatment and hypertensive 

medication, if applicable.  There are two phases of the intervention of three months each.  

The intervention arm is a three month supply of salt substitute (65% sodium chloride, 

25% potassium chloride, and 10% magnesium sulfate) (73, 110). The individuals in the 

control arm have received identically packaged normal table salt with a 100% sodium 
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chloride. Both salt mixtures have been delivered in identical containers by study 

investigators to each enrolled participant’s households. A unique ID number is assigned 

to each individual in the study. In order to ensure sufficient amount of salt has been 

provided to cover three-month edible food consumption or preparation, the salt 

products has been distributed to every household at the beginning of the study on the 

basis of maximal estimated 30 grams salt for dietary consumption or food preparation 

per person per day.  

Subjects already that have been treated with pre-existing first-line hypertensive 

medications are continued at their current level of medication, namely the thiazide 

diuretic hydrochlorothiazide at a dose of 25 mg once a day, or the thiazide-like diuretic 

indapamide 2.5 mg once a day, for the duration of first phase three month trial.  After 

follow up at three months, patients in both salt treatment arms are potentially started on 

either the thiazide diuretic or thiazide like diuretic, or if already on diuretic a low dose 

angiotensin converting enzyme (ACE) inhibitor enalapril at 5 mg once a day is added.  

The determination for medication start or addition of medication has been based on the 

subject’s categorical blood pressure of Stage II or higher hypertension classification 

based on Joint National Committee on Prevention, Detection, Evaluation, and Treatment 

of High Blood Pressure’s guidelines(111).  Individuals have follow-up three months after 

the second phase of the trial and continued with their assigned salt treatment for the 
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remainder of the study.  Of note, medication if applicable and household salt treatment 

have been provided free of charge.   

 

Figure 2: Subject Eligibility for the non-compliance for hypertensive 

medication analysis from the China Salt Substitute Tibet Study during the Phase I 

and Phase II, individuals not receiving medication highlighted by the gray outline are 

not included in this analysis  

2.3.1 Randomization 

Randomization was performed immediately after eligibility assessment, using 

computer generated randomization list; with a random number generator providing a 

treatment allocation ID number to each enrolled patient. Randomization has been 
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stratified within each township by baseline systolic blood pressure (140-160 mmHg, 160 

mmHg or greater) and gender. The assignment has been secured from patient 

knowledge in a password-protected registry. Treatment allocation is only blinded to 

participants through the use of otherwise unmarked salt containers; with only the study 

allocation number. There is not a way to visually identify if the salt container held salt-

substitute or regular tablet salt as the appearance and size of the granules are identical.   

The assignment of first line anti-hypertensive in after the first 3-month follow-up 

also known as Phase II is at the discretion of the treating physicians.  Baseline 

medication treatments have been continued during the first three months of the trial.  

Patients at higher categorical blood pressure classification and/or on prior medication 

have been placed on low dose thiazide diuretic or thiazide like diuretic depending on 

availability.  For Phase II at the discretion of the treating physicians some patients have 

been given a combination of low dose thiazide diuretic or thiazide like diuretic with an 

ACE inhibitor.   

2.4 Data collection 

2.4.1 Baseline data collection 

Potential subject eligibility has been determined by household visits by trained 

research staff after informed consent is obtained, a baseline questionnaire and physical 

examination with blood pressure measurements. Briefly, three consecutive blood 

pressure measurements have been taken from the right arm of a seated subject by using 
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an appropriately sized cuff in a quiet room with normal room temperature by a trained 

medical practitioner with at least one minutes rest between each measurement. A 

previously validated electronic sphygmomanometer (OMRON HEM-759P, Dalian 

China) has been used for the baseline and follow-up measurements (112). As previously 

reported by our group, due to the altitude of the study villages there are systemic blood 

pressure corrections have been required to obtain the calibrated value for the true 

pressure when using the validated electronic sphygmomanometer (113).  

2.4.2 Follow-up data collection 

Subsequent follow-up visits have been performed at approximately three and six 

months after randomization through household visits.  Salt compliance has been 

determined through self-reported usage of only assigned study salt or use of “crude” 

salt throughout the three month period.  Furthermore, remainder of salt provide has 

been weighed on a digital scale to determine the household consumption during the 

three month period.  Individual level consumption of assigned salt treatment has been 

determined as the mean daily rate of dietary salt consumed adjusting for the household 

size.   

Blood pressure measurements have been taken using the previously described 

protocol.  Patients have been briefly asked to self-reported their overall compliance if 

applicable of assigned medication usage, regularity of usage within three, seven, 14, and 

20 days of the follow-up, any reason (i.e. side effect) for non-compliance and provide the 
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prescribed hypertension medication bottles for determination of the number of left over 

pills after accounting for the day of follow-up visit, if possible.    

2.4.3 Data Source 

Our research utilized information digitized into a de-identified secure database 

maintain in an electronic database from the baseline interview, vital signs and physical, 

and follow up information at three and six months.  This database has included brief 

questionnaire on compliance of salt and medication, if applicable.   The database, data 

key, and study protocols  have been written in Mandarin and are translated into English 

in summer 2011 through a combination of rough prior translation by the author using a 

combination of software (MDBG Chinese Reader v6 (Loqu8 Inc. Palo Alto, CA) and 

online services i.e. Google Translate (Google Inc. Mountain View, CA) and have been 

confirmed by a bilingual staff member at our institution.   

2.5 Analysis Plan  

2.5.1 Hypothesis testing and generation 

We have tested our study hypotheses by analyzing data already collected 

through the primary study (China Salt Substitute –Tibet) described above.  Thus, these 

data afford us the opportunity to determine potential factors for compliance to 

hypertensive medication with the potential impact of a reduced sodium salt substitute.  
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The overall analytic goal of this study is to identify factors that are predictive of non-

compliance of first-line hypertensive medications.  

To test our first study hypothesis, we have compared our outcome measure 

between subjects, using a Fisher’s exact test for difference in the percentage of subjects 

not being compliant with their prescribed medication for hypertension.  To test our 

second study hypothesis, we  have constructed univariate and multivariable logistic 

regression models using compliance as a binary trait for the dependent variable (defined 

as “1” if non-compliant and “0” if compliant for use of prescribed medication), and 

demographic factors, blood pressure, co-morbidities, and other clinically relevant 

parameters as independent predictor variables.  This has allowed us to test the 

relationship between these factors and compliance of salt substitute, individually and as 

a fully adjusted model accounting for potential confounding.   

2.5.2 Definition of key analysis variables 

2.5.2.1 Outcome Variables 

The primary outcome measures of this study are dichotomous variable of non-

compliance of first-line hypertensive medication (yes/no) at three and six months of 

follow-up.  The reasons for non-compliance and type of non-compliance have been 

collected if possible.  The self-reported compliance have been tabulated from subject 

recall at three, seven,, 14, and 20 days preceding the follow-up visit, any non-compliance 

or irregular use self-reported (never used, sometime used, used more than prescribed 
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and ran out, or lost medication) are collapsed into the dichotomous variable of non-

compliance for both follow-up periods.   

2.5.2.2 Independent Variables 

The independent variables of this study are available demographic factors such 

as:  age, sex, number of co-morbidities, and categorical blood pressure at baseline.  

Additionally, the dietary salt treatment group assignment and prescribed hypertension 

drug class (hydrochlorothiazide /indapamide only, hydrochlorothiazide / indapamide 

with enalapril) has been included in our logistic regression models.   

2.5.3 Sample Size / Power Consideration 

Our data has been derived from the China Salt Substitute Study – Tibet which 

has a primary outcome evaluation of systolic blood pressure changes between dietary 

salt treatment groups.  The estimated sample size with  90% power (β=0.10), a one-tail α 

= 0.05, and a σ = 13 mmHg is 230 total patients, from prior data (110). This sample size 

has an aim to detect a 5.0mmHg difference in systolic blood pressure from baseline 

values in comparison to follow-up, with a one to one allocation of 115 subjects per each 

treatment arm. 

However this report’s primary evaluation has been based on  factors associated 

with non-compliance.  We have estimated the sample size for our proposed logistic 

regression analysis.  The STATA “powerlog” function has estimated sample size to 90 

subjects to provide power (β=0.80), one-tail α = 0.05, with the primary event of non-
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compliance set at a probability or p1(0.15), the probability of the non-compliance with a 

significant factor set at p2(0.30), and R2=0 to be able detect an odds ratio of 2.429 between 

factors for non-compliance.  This requires 45 patients per type of medication arm for our 

analysis to be sufficiently powered.   

The STATA “powerlog” function has estimated sample size of 450 subjects to 

provide power (β=0.80), one-tail α = 0.05, p1 (0.05), p2 (0.15), and R2=0 to be able to detect 

an odds ratio of 1.417 between factors for non-compliance. 

2.5.4 Statistical Methods 

Competing events in this study include: stroke, myocardial infarction (MI), and 

mortality related to CVD, or lost to follow-up. Statistical analyses have been carried out 

using the STATA IC 11.2 statistical package (STATA Inc., College Station, TX, USA). 

Mean levels (SDs) and proportions (standard errors) have been calculated for baseline 

and follow-up characteristics. For categorical variables Fisher’s exact test has been 

utilized. In addition to the descriptive statistics, exact logistic regressions have been 

performed to provide odds ratio to help quantify the magnitude of effect in our study 

population.  The identification of predictor variables for inclusion in the final adjusted 

model has been performed with a stepwise logistic regression, STATA function “sw”.  

Likelihood ratio tests for predictor variable inclusion or exclusion are set with the 

backward step test statistic Pe = 0.20 and forward step test statistic Pr = 0.25, 

respectively(114).   During backward step regression, variables with likelihood ratio test 
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p-value greater than Pe are dropped sequentially from a fully specified model until the 

p-value for a potential predictor falls below or equal to our set Pe.  Conversely during 

forward step regression, variables with a likelihood test less than Pr have been added 

sequentially to the base model until a potential predictor has failed the likelihood test 

with p greater than the set Pr.   

Using only the predictor variables that satisfied our Pe and Pr, an logistic 

regression has been performed and assessed with the link test for model specification 

and the Hosmer-Lemeshow goodness of fit test of our regression model(114, 115).  If the 

Hosmer-Lemeshow goodness of fit test p-value is greater than 0.05, this indicates that 

there model tested fits the data well.    If the linear predicted model specification link 

test p-value is greater than 0.05, this indicates that there is no specification error for the 

model.  

Table 1: Proposed Logistic Regression Modeling Equation 

log odds (y) = β1*x1 + β2*x2 + …βn*xn + ε 

Variable Description Possible Values 

y = Non-Compliance of Hypertensive Medication Dichotomous 
0 = "Compliant" 

1 = "Non-Compliant" 

  
 

x1 = Gender Dichotomous 
0 = "Female" 

1 = "Male" 

  
 

x2 = Age Categorical  Ordinal  

0 = "40-49"  

1 = "50-59" 

2 = "60-69" 
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3 = "70 and older" 

  
 

x3 = Level of Education Dichotomous 
0 = "Primary Only" 

1 = "Secondary and Higher" 

  
 

x4 = Occupation  Dichotomous 
0 = "Other" 

1 = "Herdsmen" 

  
 

x5 = Township Dichotomous 
0 = "Yangbajing" 

1 = "Gongtang" 

  
 

x6 = Any Co-morbidities Dichotomous 
0 = "None" 

1 = "Any" 

  
 

x7= Baseline Blood Pressure Categorical  Ordinal  

0 = "Isolated Systolic or Diastolic" 

1 = "Stage 1"  

2 = "Stage 2" 

3 = "Stage 3" 

  
 

x8i = Drug Class Assigned for Phase I Dichotomous 
0 = "Diuretic (hydrochlorothiazide)" 

1 = "Diuretic (Indapamide)"  

x8ii = Drug Class Assigned for Phase II Dichotomous 

0 = "Diuretic Only 

(hydrochlorothiazide or Indapamide) 

1 = "Combination [ 

(hydrochlorothiazide or Indapamide) 

and enalapril]" 

  
 

x9 =Assigned  Salt Treatment Dichotomous 
0 = "Regular Salt" 

1 = "Reduced Sodium Salt Substitute" 

 

2.6 Ethical Concerns  

All participants have provided informed consent and the study are conducted 

according to the Declaration of Helsinki and subsequent amendments.  Enrolled patients 

have been assigned a confidential ID number to correspond with all their study material.  
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The informed consent has been the only form that links the patients with their study 

data and is kept in the office of the study coordinator at the George Institute and Peking 

University.  No identifiable information has been stored on personal computers or 

portable laptops.  All electronic files have been encrypted to prevent the theft of 

personal information.  This data has been de-identified and stored on a central password 

protected database that only approved study personnel with access.  Informed consent 

forms and hard copies of surveys have been stored in study coordinators office at each 

local site.   All data have been de-identified and entered into a password-protected 

database.  The study data access has been limited to appropriate study personnel from 

both institutions.   

The Duke University study team has not sought to obtain any information that 

could be used to identify the subjects whose data will be used in this research.  

Furthermore, the Duke University study team has not been able to identify any subjects 

with the data obtained for this research.  All data that has been analyzed did not contain 

any of the 18 HIPAA identifiers (e.g. birthdates or procedure dates; addresses; etc.).  In 

the event that the data collection changed to include analysis of any HIPAA identifiers, a 

request for waiver of HIPAA authorization would have been submitted.   This study has 

been approved by IRB of Peking University (#00001052-10045) with translation of 

informed consent and questionnaires from English to Mandarin and back to English for 

cross checking.  The data and outcome have been presented at semi-annual Data Safety 
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Monitoring Board meetings at Peking University to monitor for adverse events in this 

study.  

This study has been registered at ClinicalTrials.gov an open access database of 

clinical trials maintained by the United States as a part of the efforts of author and 

colleagues at the George Institute, China.  In 2005, a majority of peer reviewed medical 

and scientific journals agreed to the CONsolidated Standards of Reporting Trials 

(CONSORT) guidelines for reporting results from clinical trials; as such this trial is 

registered in August 31st, 2011 with number NCT#01429246 in accordance to these 

guidelines (116).   
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3. Results 

3.1 Baseline Demographics 

Table 2 presents differences in demographic and other variables by drug 

treatment arm at three months of follow-up, showing that the only factors different 

between drug class treatment arms are education (individuals receiving indapamide 

have slightly higher levels of education as compared with individuals receiving 

hydrochlorothiazide: 14.3% versus 3.8%, p=0.075) and presence of at least one co-morbid 

condition (individuals taking hydrochlorothiazide have a higher prevalence of co-

morbidities as compared with individuals taking indapamide, 78.2% vs. 25%, 

respectively p=0.0009).  Gender, age categorical, and dietary salt intervention arm did 

not differ significantly between diuretic classes (p>0.05 for all). 

Table 2: Baseline Subject Characteristics (n=115) eligible that are prescribed 

first-line hypertensive medications at the start of the trial, stratified by prescribed 

drug regimen of hydrochlorothiazide) vs. indapamide regimen for Phase I 

(“a”=Fisher’s Exact test) 

 

Prescribed Drug Regimen 

   

 

Thiazide Thiazide Like Total   

 

# % # % # % p-value 

Age (years) 

40-49 6 6.9 3 10.7 9 7.8 

0.200a 
50-59 14 16.1 8 28.6 22 19.1 

60-69 28 32.2 10 25.7 38 33.0 

70+ 39 44.8 7 25.0 46 40.0 

Total 87   28   115     

Gender 
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Male 42 48.3 14 50.0 56 48.7 
0.523a 

Female 45 51.7 14 50.0 59 51.3 

Total 87   28   115     

Level of Education 

At least Primary  76 96.2 24 85.7 100 93.5 
0.075a 

Higher than Primary 3 3.8 4 14.3 7 6.5 

Total 79   28   107     

Occupation 

Other Job 4 5.1 2 7.1 6 5.6 
0.497a 

Herdsmen 75 94.9 26 92.9 101 94.4 

Total 79   28   107     

Township 

Yangbajing 87 100.0 28 100.0 115 100.0 
N/A 

Gongtang 0   0   0   

Total 87   28   115     

At least 1 co-morbid condition 

No 19 21.8 21 75.0 40 34.8 
0.0009a 

Yes 68 78.2 7 25.0 75 65.2 

Total 87   28   115     

Baseline Categorical Hypertension 

Isolated Systolic or Diastolic 3 3.5 2 7.1 5 4.4 

0.334a 
Stage I 9 10.3 2 7.1 11 9.6 

Stage II 25 28.7 12 42.9 37 32.2 

Stage III 50 57.5 12 42.9 62 53.9 

Total 87   28   115     

Dietary Salt Treatment Arm 

 Regular Salt 41 47.1 13 46.4 54 46.9 
0.562a 

 Salt Substitute 46 52.9 15 53.6 61 53.0 

Total 87   28   115     
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Table 3 presents differences in demographic and other variables by drug 

treatment arm at six months of follow-up, showing that the only factors different 

between drug class treatment arms are township of residence (individuals receiving 

combination therapy (hydrochlorothiazide or indapamide with enalapril) are 

exclusively from Yangbajing township: 100% vs. 0% Gongtang township, p=0.0009); and 

the presence of at least one co-morbid condition (individuals taking combination 

therapy are more likely to have a co-morbid condition when compared with individuals 

taking diuretic only 70.0% vs. 48.2%, respectively p=0.0009).  Gender, age categorical, 

level of education, occupation type, baseline blood pressure categorical, and dietary salt 

intervention arm assignment did not differ significantly between prescribed medication 

class (p>0.05 for all). 

Table 3: Baseline Subject Characteristics (n=217) eligible that are prescribed 

first-line hypertensive medications after 3 month follow-up stratified by prescribed 

drug regimen of diuretic only (hydrochlorothiazide and indapamide) vs. combination 

therapy (hydrochlorothiazide or indapamide with enalapril) regimen for Phase II, 

(“a”=Fisher’s Exact test) 

 

Prescribed Drug Regimen 

   

 

Diuretic Only Combination Total   

 

# % # % # % p-value 

Age (years) 

40-49 17 10.4 5 10.0 22 10.3 

1.000a 
50-59 38 23.3 11 22.0 49 23.0 

60-69 50 30.7 16 32.0 66 31.0 

70+ 58 35.6 18 36.0 76 35.7 

Total 163   50   213     

Gender 
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Male 70 42.7 25 50.0 95 44.4 
0.227a 

Female 94 57.3 25 50.0 119 55.6 

Total 164   50   214     

Level of Education 

At least Primary  66 97.1 44 91.7 110 94.8 
0.193a 

Higher than Primary 2 2.9 4 8.3 6 5.2 

Total 68   48   116     

Occupation 

Other Job 2 2.9 2 4.2 4 5.6 
0.550a 

Herdsmen 66 97.1 46 95.8 112 96.6 

Total 68   48   116     

Township 

Yangbajing 85 51.8 50 100.0 135 100.0 
0.0009a 

Gongtang 79 48.2 0 0.0 0 36,.92 

Total 164   50   135     

At least 1 co-morbid condition 

No 123 75.0 15 30.0 138 64.5 
0.0009a 

Yes 41 25.0 35 70.0 76 35.5 

Total 164   50   214     

Baseline Categorical Hypertension 

Isolated Systolic or Diastolic 16 9.8 1 2.0 17 7.9 

0.206a 
Stage I 17 10.4 4 8.0 21 9.8 

Stage II 49 29.9 13 26.0 62 29.0 

Stage III 82 50.0 32 64.0 114 53.3 

Total 164   50   214     

Dietary Salt Treatment Arm 

       Regular Salt 80 48.8 21 42.0 101 47.2 
0.249a 

 Salt Substitute 84 51.2 29 58.0 113 52.8 

Total 164   50   214     

 



 

 

46 

3.2 Subject Characteristics by Compliance Status 

Table 4 presents differences in demographic and other variables by drug 

treatment arm at three month follow-up, showing that the only factors different by 

medication drug compliance are baseline blood pressure categorical (individuals with 

Stage I or Stage III hypertension are more likely to be non-compliant, while subjects that 

have been classified with baseline isolated systolic/diastolic and Stage II hypertension 

are more likely to be of compliant, p=0.033).  Age categorical, gender, level of education, 

occupation type, having at least 1 co-morbid condition, dietary salt intervention arm 

assignment, and drug class prescribed did not differ significantly between medication 

prescribed(p>0.05 for all). 

Table 4: Subject Characteristics (n=117) eligible that are prescribed first-line 

hypertensive medications at the start of the trial, stratified compliance or non-

compliance for Phase I, (“a”=Fisher’s Exact test) 

 

Compliant Non-Compliant Total   

 

# % # % # % p-value 

Age (years) 

40-49 7 9.1 2 5.3 9 7.8 

0.684a 
50-59 16 20.8 6 15.8 22 19.1 

60-69 26 33.8 12 31.6 38 33.0 

70+ 28 36.4 18 47.4 46 40.0 

Total 77   38   115     

Gender 

Male 41 53.3 15 39.5 56 48.7 
0.117a 

Female 36 46.8 23 60.5 59 51.3 

Total 77   38   115     

Level of Education 

At least Primary  66 93.0 34 94.4 100 93.5 0.563a 
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Higher than Primary 5 7.0 2 5.6 7 6.5 

Total 71   36   107     

Occupation 

Other Job 6 8.5 0 0.0 6 5.6 
0.179a 

Herdsmen 65 91.6 36 100.0 101 94.4 

Total 71   36   107     

Township 

Yangbajing 77 100.0 38 100.0 115 100.0 
N/A 

Gongtang 0 0.0 0 0.0 0 0.0 

Total 77   38   115     

At least 1 co-morbid condition 

No 25 32.5 15 39.5 40 34.8 
0.295a 

Yes 52 67.5 23 60.5 75 65.2 

Total 77   38   115     

Baseline Categorical Hypertension 

Isolated Systolic or Diastolic 1 1.3 4 10.5 5 4.4 

0.033a 
Stage I 10 13.0 1 2.6 11 9.6 

Stage II 27 35.1 10 26.3 37 32.2 

Stage III 39 50.7 23 60.5 62 53.9 

Total 77   38   115     

Dietary Salt Treatment Arm 

 Regular Salt 36 46.8 18 47.4 54 47.0 
0.554a 

 Salt Substitute 41 53.3 20 52.6 61 63.0 

Total 77   38   115     

Medication Class 

Hydrochlorothiazide 60 77.9 27 71.1 87 75.7 
0.279a 

Indapamide 17 22.1 11 29.0 28 24.4 

Total 77   38   115     

 



 

 

48 

Table 5 presents differences in demographic and other variables by drug non-

compliance at six month follow-up, showing that the only factors different are drug class 

of treatment (with individuals taking diuretic only (hydrochlorothiazide or indapamide 

only) 13.4% versus 6.0% non-compliance in subjects taking (hydrochlorothiazide or 

indapamide with enalapril, p=0.116); and township of residence (individuals from 

Yangbajing had 15.2% non-compliance when compared to individuals from Gongtang 

8.9%, p=0.127).  Age categorical, gender, level of education, occupation type, having at 

least 1 co-morbid condition, baseline blood pressure categorical, and dietary salt 

intervention arm did not differ significantly between prescribed drug classes (p>0.05 for 

all). 

Table 5: Baseline Subject Characteristics (n=217) eligible that are prescribed 

first-line hypertensive medications after six month follow-up stratified by compliance 

versus non-compliance to prescribed drug regimen for Phase II, (“a”=Fisher’s Exact 

test) 

 

Compliant Non-Compliant Total   

 

# % # % # % p-value 

Age (years) 

40-49 21 11.2 1 3.6 22 10.2 

0.537a 
50-59 42 22.3 9 32.1 51 23.6 

60-69 58 30.9 8 28.6 66 30.6 

70+ 67 35.6 10 35.7 77 35.7 

Total 188   28   216     

Gender 

Male 86 45.5 11 39.3 97 44.7 
0.341a 

Female 103 54.5 17 60.7 120 55.3 

Total 189   28   217     

Level of Education 
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At least Primary  94 94.0 17 100.0 111 94.9 
0.381a 

Higher than Primary 6 6.0 0 0.0 6 5.1 

Total 100   17   117     

Occupation 

Other Job 4 4.0 0 0.0 4 3.4 
0.529a 

Herdsmen 96 96.0 17 100.0 113 96.6 

Total 100   17   117     

Township 

Yangbajing 117 61.9 21 75.0 138 63.6 
0.127a 

Gongtang 72 38.1 7 25.0 79 36.4 

Total 189   28   217     

At least 1 co-morbid condition 

No 123 65.1 17 60.7 140 64.5 
0.400a 

Yes 66 34.9 11 39.3 77 35.5 

Total 189   28   217     

Baseline Categorical Hypertension 

Isolated Systolic or Diastolic 16 8.5 2 7.1 18 8.3 

0.779a 
Stage I 20 10.6 1 3.6 21 9.7 

Stage II 55 29.1 9 32.1 64 29.5 

Stage III 98 51.9 16 57.1 114 52.5 

Total 189   28   217     

Dietary Salt Treatment Arm 

 Regular Salt 89 47.1 15 53.6 104 47.9 
0.330a 

 Salt Substitute 100 52.9 13 46.4 113 52.1 

Total 189   28   217     

Medication Class 

Diuretic Only 142 75.1 22 88.0 164 76.6 
0.116a 

Combination  47 24.9 3 12.0 50 23.4 

Total 189   25   214     
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3.3 Factors Associated with Non-Compliance 

Table 6 presents factors significantly associated with prescribed hypertension 

drug non-compliance at three month follow-up, showing that the only factors different 

are baseline blood pressure category (subjects with Stage I and Stage II hypertension 

have significantly lower adjusted odds 0.03 (95% CI: 0.002-0.70) and 0.13 (95% CI: 0.012-

1.37) when compared to reference subjects with isolated systolic / diastolic hypertension, 

with p =0.028 and 0.089, respectively).  Age categorical, gender, level of education, 

occupation type, having at least 1 co-morbid condition, baseline blood pressure 

categorical, dietary salt intervention arm, and drug class prescribed did not differ 

significantly when examined as predictors of subject drug compliance (p>0.05 for all).  

All co-variables that did not fail to converge and not collinear are included in this 

logistic regression model to produce the adjusted odd ratios.   

Table 6: Phase I Subject Factors Associated with Non-Compliance Crude and 

Adjusted Odd Ratios after 180 days of prescription (n=114, r2 =0.1697) 

Non-Compliant Odds Ratio   

 

% n Crude 95% CI 

Adjuste

d 95% CI p-value 

Age (years) 

40-49 22.2 9 1.00 ref. 1.00 ref.   

50-59 27.7 22 1.30 0.17-16.32 1.16 0.17-7.83 0.880 

60-69 31.6 38 1.60 0.25-18.04 1.49 0.24-9.42 0.672 

70+ 39.1 46 2.22 0.37-24.24 2.07 0.30-14.02 0.458 

Gender 

Female 39.0 59 1.00 ref. 1.00 ref.   

Male 26.8 56 0.58 0.24-1.35 0.62 0.25-1.56 0.314 



 

 

51 

Level of Education 

At least Primary  34.0 100 1.00 ref. 1.00 ref.   

Higher than 

Primary 28.6 7 1.28 0.20-14.16 1.14 0.17-7.64 0.894 

Occupation 

Other Job 0.0 6   Non Convergence 
N/A 

Herdsmen 35.6 101         

Township 

Yangbajing 33.0 115   Non Convergence 
N/A 

Gongtang 0.0 0         

At least 1 co-morbid condition 

No 37.5 40 1.00 ref. 1.00 ref.   

Yes 30.7 75 0.74 0.31-1.80 0.53 0.19-1.46 0.218 

Baseline Categorical Hypertension 

Isolated 

Systolic or 

Diastolic 80.0 5 1.00 ref. 1.00 ref. 

  

Stage I 9.0 11 0.04 0.001-0.75 0.03 0.002-0.70 0.028 

Stage II 27.0 37 0.10 0.002-1.15 0.13 0.012-1.37 0.089 

Stage III 37.1 62 0.15 0.003-1.65 0.22 0.02-2.27 0.204 

Dietary Salt Treatment Arm 

 Regular Salt 33.3 54 1.00 ref. 1.00 ref.   

 Salt Substitute 32.8 61 0.98 0.44-2.29 0.97 0.40-2.35 0.954 

Medication Class 

Hydrochlorothiazide 31.0 87   Collinear 
  

Indapamide 39.3 28         
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Table 7 presents factors significantly associated with prescribed hypertension 

drug non-compliance at six month follow-up, showing that the only factors different are 

drug class of medication (combination therapy (hydrochlorothiazide/indapamide with 

enalapril) have significantly lower adjusted odds ratio of 0.20 (95%CI 0.05-0.81), with p 

=0.023).  Township of residence is trending toward significance (individuals from 

Gongtang are at an adjusted non-compliance odd ratios of 0.36 (95%CI 0.11-1.14) when 

compared to reference subjects residing in Yangbajing, p=0.082).  Age categorical, 

gender, level of education, occupation type, having at least 1 co-morbid condition, 

baseline blood pressure categorical, and dietary salt intervention arm, did not differ 

significantly when examined as predictors of subject drug compliance during Phase II, 

p>0.05 for all.  All co-variables that did not fail to converge and not collinear are 

included in the logistic regression model to produce the adjusted odd ratios.   

Table 7: Phase II Subject Factors Associated with Non-Compliance Crude and 

Adjusted Odd Ratios after 90 days of prescription following the first follow-up 

(n=217, r2 =0.0845) 

Non-Compliant Odds Ratio   

 

% # Crude 95% CI Adjusted 95% CI p-value 

Age (years) 

40-49 4.5 22 1.00 ref. 1.00 ref.   

50-59 14.3 49 4.43 0.55-206.47 2.89 0.31-26.89 0.349 

60-69 12.1 66 2.87 0.35-134.55 2.09 0.23-19.19 0.513 

70+ 11.8 76 3.11 0.40-142.40 1.67 0.18-15.86 0.655 
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Gender 

Female 13.4 119 1.00 ref. 1.00 ref.   

Male 9.5 95 0.78 0.31-1.87 0.54 0.21-1.42 0.212 

Level of Education 

At least Primary  14.5 110   Non Convergence 
N/A Higher than 

Primary 0.0 6         

Occupation 

Other Job 0.0 4   Non Convergence 
N/A 

Herdsmen 14.8 112         

Township 

Yangbajing 13.3 135 1.00 ref. 1.00 ref.   

Gongtang 8.9 79 0.54 0.19-1.41 0.36 0.11-1.14 0.082 

At least 1 co-morbid condition 

No 10.9 138 1.00 ref. 1.00 ref.   

Yes 13.2 76 1.20 0.48-2.91 1.37 0.44-4.31 0.590 

Baseline Categorical Hypertension 

Isolated Systolic or 

Diastolic 5.9 17 1.00 ref. 1.00 ref.   

Stage I 4.8 21 0.41 0.006-8.53 0.78 0.04-14.58 0.868 

Stage II 11.3 62 1.31 0.23-13.62 2.28 0.24-21.28 0.471 

Stage III 14.0 114 1.30 0.26-12.77 3.78 0.44-32.79 0.227 

Dietary Salt Treatment Arm 

 Regular Salt 11.9 101 1.00 ref. 1.00 ref.   

 Salt Substitute 11.5 113 0.77 0.32-1.85 0.96 0.40-2.30 0.927 

Medication Class 

Diuretic Only 13.4 164 1.00 ref. 1.00 ref.   

Combination  6.0 50 0.41 0.08-1.47 0.20 0.05-0.81 0.023 
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 Table 8 reports the p-value from the likelihood ratio test in both backward and 

forward directions of stepwise logistic regression to ascertain which predictor variables 

for non-compliance of medication should be incorporated into the final model for Phase 

I follow-up.  Baseline blood pressure categorical (Stage I – III) and gender of individuals 

are predictors variables that satisfied the likelihood ratio test for inclusion in the final 

adjust logistic regression model, with p less than specified test statistics of Pe = 0.20 and 

Pr, = 0.25, respectively.  Salt treatment, level of education, age group categorical, 

medication drug class, and having at least 1 co-morbid condition did not meet criteria 

for inclusion in the final model, with p greater than specified test statistics of Pe  and Pr. 
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Table 8: Phase I Non-Compliance of Medication Using Likelihood Ratio Test for Predictor Variable Inclusion in 

Stepwise Adjusted Logistic Regression, “*”=Variables Utilized in Final Adjusted Odds Ratio Calculation, Backward Step 

Test Statistic Pe = 0.020 and Forward Step Pr =0.025 

 

 

 

 

 

 

 

 

 

Regression Step Direction 

 

Backward  Forward 

Regression Step # 1 2 3 4 5 6 7 8 9 10 11 

Salt Treatment 0.941             

   

  

Level of Education 

 

0.909 

    

  

   

  

Age Group 50-59 

  

0.883 

   

  

   

  

Medication Class 

   

0.834 

  

  

   

  

Age Group 60-69 

    

0.643 

 

  

   

  

Age Group 70+ 

     

0.401   

   

  

At least 1 co-morbid condition             0.339 

   

  

Stage II Hypertension* 

      

  0.166 

  

  

Gender* 

       

  0.125 

 

  

Stage III Hypertension* 

        

  0.104   

Stage I Hypertension*                     0.045 
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 Table 9 reports the p-value from the likelihood ratio test in both backward and 

forward directions of stepwise logistic regression to ascertain which predictor variables 

for non-compliance of medication should be incorporated into the final model for Phase 

II follow-up.  Baseline blood pressure categorical (Stage II and III), medication class 

(hydrochlorothiazide/indapamide with enalapril) and township of residence 

(Yangbajing and Gongtang) are predictors variables that satisfied the likelihood ratio 

test for inclusion in the final adjust logistic regression model, with p less than specified 

test statistics of Pe = 0.20 and Pr, =0.25, respectively.  Salt treatment, age group categorical, 

Stage I hypertension, and having at least 1 co-morbid condition did not meet criteria for 

inclusion in the final model, with p greater than specified test statistics of Pe and Pr. 
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Table 9: Phase II Non-Compliance of Medication Using Likelihood Ratio Test for Predictor Variable Inclusion in 

Stepwise Adjusted Logistic Regression, “*”=Variables Utilized in Final Adjusted Odds Ratio Calculation, Backward Step 

Test Statistic Pe = 0.020 and Forward Step Pr =0.025 

 

Regression Step Direction 

 

Backward  Forward 

Regression Step # 1 2 3 4 5 6 7 8 9 10 

Salt Treatment 0.928           

   

  

Stage I Hypertension 

 

0.868 

   

  

   

  

Age Group 70 + 

  

0.624 

  

  

   

  

Age Group 60-69 

   

0.564 

 

  

   

  

At least 1 co-morbid condition 

    

0.574   

   

  

Age Group 50-59           0.401 

   

  

Stage II Hypertension* 

      

0.189 

  

  

Medication Class Prescription* 

       

0.124 

 

  

Township of Residence* 

        

0.089   

Stage III Hypertension*                   0.088 
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Table 10 presents factors significantly associated with prescribed hypertension drug 

non-compliance at three month follow-up, showing that the only factors differ after adjusting 

for gender in stepwise logistic regression are baseline blood pressure categorical (subjects with 

Stage I, Stage II, and Stage III hypertension have significantly lower adjusted odds 0.03 (95% CI: 

0.001-0.59),  0.11 (95% CI: 0.01-1.07),  and 0.18 (95% CI:0.02-1.79) when compared to reference 

subjects with isolated systolic / diastolic hypertension, with p =0.022, 0.057, and 0.144.  The 

goodness of fit Hosmer-Lemeshow test indicates that the regression model fit our data for Phase 

I, p=0.879.   The linear prediction model specification link test reveals that are regression model 

did not omit any variables, hat2 p=0.985.    
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Table 10: Phase I Individual Factors Associated with Non-Compliance Crude, Full-Model Adjusted, and Step-wise 

Adjusted Odd Ratios After Initial 90 Day Follow-up (n=107, r2 =0.080, overall model p=0.027)  

Non-Compliance Odds Ratio 

  Crude 95% CI Full Adjusted 95% CI p-value Nested Adjusted  95% CI p-value 

Gender 

 Female 1.00 ref. 1.00 ref.   1.00 ref.   

Male 0.58 0.24-1.35 0.62 0.25-1.56 0.314 0.57 0.24-1.35 0.314 

Baseline Categorical Hypertension 

 Isolated Systolic/Diastolic 1.00 ref. 1.00 ref.   1.00 ref.   

Stage I 0.04 0.001-0.75 0.03 0.002-0.70 0.028 0.03 0.001-0.59 0.022 

Stage II 0.10 0.002-1.15 0.13 0.012-1.37 0.089 0.11 0.01-1.07 0.057 

Stage III 0.15 0.003-1.65 0.22 0.02-2.27 0.204 0.18 0.02-1.79 0.144 
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 Table 11 presents factors significantly associated with prescribed hypertension 

drug non-compliance at six month follow-up, showing that the only factors differ after 

adjusting for categorical baseline blood pressure in stepwise logistic regression are 

medication class (subjects with combination therapy (hydrochlorothiazide/indapamide 

with enalapril) have significantly lower odd ratio of non-compliance 0.23 95% CI: 0.06-

0.86, p=0.029 when compared to reference individuals only receiving 

hydrochlorothiazide/indapamide); township of residence (individuals living in 

Gongtang are at 0.36 times lower odds when compared to reference individuals living in 

Yangbajing, p=0.043).  The goodness of fit Hosmer-Lemeshow test indicates that the 

regression model fit our data for Phase II, p=0.833.   The linear prediction model 

specification link test reveals that are regression model did not omit any variables, hat2 

p=0.427.    
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Table 11: Phase II Individual Factors Associated with Non-Compliance Crude, Full-Model Adjusted, and Step-wise 

Adjusted Odd Ratios After Second Follow-up (n=214, r2 =0.074, overall model p=0.044) 

Non-Compliance Odds Ratio 

 

Crude 95% CI Full Adjusted 95% CI p-value Nested Adjusted 95% CI p-value 

Medication Class 

 Diuretic Only 1.00 ref. 1.00 ref. 

 

1.00 ref. 

 Combination 0.41 0.08-1.47 0.20 0.05-0.81 0.023 0.23 0.06-0.86 0.029 

Township of Residence 

 Yangbajing  1.00 ref. 1.00 ref. 

 

1.00 ref. 

 Gongtang 0.54 0.19-1.41 0.36 0.11-1.14 0.082 0.36 0.14-0.97 0.043 

Baseline Categorical Hypertension 

 Isolated Systolic/Diastolic 1.00 ref. 1.00 ref.  1.00 ref.  
Stage II 1.31 0.23-13.62 2.28 0.24-21.28 0.471 2.80 0.54-14.54 0.219 

Stage III 1.30 0.26-12.77 3.78 0.44-32.79 0.227 4.39 0.92-20.82 0.063 
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4. Discussion 

4.1 Summary of Major Findings 

Our study is the first aimed at investigating the factors associated with non-

compliance to first-line hypertensive medications hydrochlorothiazide/indapamide with 

enalapril in high risk elderly pastoralist in the Tibetan Autonomous region.  The overall 

rate of non-compliance after three months of follow-up is 33.0 % and after six months of 

follow up is 12.9 %.  The primary reasons for non-compliance by the subjects have been 

missed doses (purposeful or from forgetting) and irregularity of dosing.   There is also a 

very low level of self-awareness of hypertension in this population as previously 

described by our group (109).  

 After adjusting for gender, the only significantly associated factor with non-

compliance after the first three months of follow-up is the categorical baseline blood 

pressure, with increasing severity of disease associated with a lower level of non-

compliance when compared to reference individuals with only isolated systolic/ 

diastolic hypertension.  Subjects with Stage I hypertension have a lower adjusted odd 

ratio of 0.03 (p=0.022).  Subjects with stage II hypertension classified subjects have an 

adjusted odd ratios of 0.11 for non-compliance (p= 0.057).    

After adjusting for categorical blood pressure at baseline, the major factors 

associated with non-compliance after six months of follow-up are the prescribed 

medication class (combination therapy: hydrochlorothiazide/indapamide with enalapril 
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vs. diuretics: hydrochlorothiazide/indapamide) and township of residence (Yangbajing 

vs. Gongtang).  Individuals with combination pharmacologic therapy have significantly 

lower odds ratio of non-compliance 0.23 (p =0.029).  Subjects residing in Yangbajing 

township have significantly lower odds ratio of non-compliance 0.36 (p=0.043) 

4.2 Interpretation of Major Findings 

 At the end of the first follow-up at three months, increasing severity of disease is 

strongly associated with improved medication compliance in our population.  This 

relationship is suggestive that subjects in our study are now potentially aware the risk of 

death from hemorrhagic stroke if their hypertension is left unchecked.  The self-

awareness that has been introduced to subjects might provide impetus to more 

rigorously following the prescribed dosing regimen.  The study population is from a 

resource limited region and with the dietary salt and medication being provided at no 

cost providing a strong motivation for participation in the study.  Interestingly, gender 

is not a significantly associated with non-compliance in our population in contrast to 

some prior reports in other Chinese populations (77, 78, 117-122). Although, the 

explanation for the gender difference in compliance is not widely explored, this 

phenomenon might be related to individual level perceptions or skepticisms of 

“western” treatment modalities when compared to traditional “Chinese” or “Tibetan” 

from underlying cultural beliefs (123-128).  Our study questionnaire did not include any 

cultural beliefs or health seeking instruments to assess the impact individual level 
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perception might play in non-compliance.  Such instruments would be useful to 

incorporate in future studies in this population.   Lastly, only subjects from Yangbajing 

received medication at the start of the study as no one from Gongtang was being treated 

for hypertension.  This is attributed to a cross-sectional survey for hypertension 

conducted in Yangbajing several months prior to the start of this trial.  Before the cross-

sectional survey, Yangbajing baseline treatment of hypertension with medication was 

very similar to those of Gongtang (109, 129).  Not surprisingly there are no significant 

difference in compliance when comparing between drug types during phase I in our 

study.  Hydrochlorothiazide and indapamide are both from similar classes of diuretics 

and have a similar side effect profile (130).                  

At the completion of the second follow-up at six months, medication class 

(combination therapy versus diuretics only) and township of residence (Yangbajing 

versus Gongtang) are found to be significantly associated with increased compliance.  

Although, baseline blood pressure condition did not significantly predict non-

compliance during the second half in contrast to the initial part of our study.  Many of 

the “new” hydrochlorothiazide/indapamide users in phase II are taking medicine daily 

as part of a prescribed regimen; while those with combination therapy have been on a 

daily medication regiment for at least six months.  Only individuals from Yangbajing 

have received hypertension medication as a continuation of pre-existing medical 

therapy.  No subjects residing in Gongtang have been receiving hypertension 
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medication prior to enrollment in the study, nor at the start of the study.  After phase I 

of the study any subjects are still classified with Stage II hypertension are placed on an 

ACE inhibitor (enalapril) if already on a diuretic or started on a diuretic only 

(hydrochlorothiazide/indapamide) per the discretion of the managing medical team.  

Thus, only individuals from Yangbajing could have been prescribed the combination 

therapy.  Furthermore, subjects from Yangbajing are not likely “naïve” in that a large 

proportion of these individuals have previously participated in a cross-sectional survey, 

receiving hypertension screening, and treatment by our group(109).  This subset of 

subjects is likely actively seeking health care shown with their enrollment in the trial 

after participating in the earlier cross-sectional survey.  During the cross-sectional study 

subjects also have received health education counseling in regards to the dangers of 

untreated hypertension.  Our subjects that are compliant continued to receive treatment 

and are likely highly motivated to adhere more closely to the prescribed dosing regimen 

despites the increased complexity of being two pills instead of one.   

4.3 Key Findings and Previous Work 

Our findings in phase I and II are in contrast to prior studies in other Chinese 

hypertensive patients that have suggested age, gender, and the number of co-

morbidities are strongly associated with non-compliance(77, 78, 117-122).  These could 

be attributed to differences in diet, behaviors, and demographic characteristics between 

the study populations.  The only other hypertensive medication studies are from 
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Chinese living in Hong Kong of majority Han race, while our study consists of almost 

exclusively minority Tibetans.  The national Chinese prevalence of alcohol consumption 

at 47.0% and 29.9% for males and females, which is higher than those in Tibetan males 

and females at 19.9% and 1.0%, respectively(38, 109).  The distribution of BMI of females 

in our population is consistent with other recent reports in Tibetan populations (109, 

131).  Interestingly, in our target population of Tibetan elderly BMI is not significantly 

associated with risk of hypertension when stratified by gender (in males) in contrast to 

prior reports from national data which indicated prevalence of hypertension are 

between two and three times as high in overweight and obese patients when compared 

to those with a normal BMI (37, 109).  This interesting finding in Tibetan populations has 

been corroborated by data from the WHO-CARDAIC study. When adjusted for age and 

gender, the odd ratios revealed that BMI is not predictive for risk of hypertension in 

Tibetans (OR = 0.46, 95% CI 0.04 - 5.74, p =0.054).  In contrast, BMI was strongly related 

for Han Chinese and two other minority Chinese groups studied (67).  However, these 

differences in smoking, alcohol, and BMI are somewhat related in underlying 

characteristics in urban versus rural life style and regional customs.  Data also from the 

WHO-CARDIAC study elucidates a lower level of meat intake through markedly lower 

level of urinary excretion of 3-methylhistidine (a surrogate index of dietary meat intake) 

when compared to Han Chinese (66).   
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Our overall findings after six months of follow-up are that patients utilizing 

combination therapy are at significantly lower odds of non-compliance when compared 

to those only low dose diuretics.  This finding agrees with findings in a large 

retrospective cohort study in Hong Kong of nearly 93,286 adult hypertensive patients, 

which found a 0.73 (95% CI: 0.67-0.79) times lower adjusted odds in thiazide diuretic 

only subjects.  However, these prior reports by Wong and colleagues and our study’s 

findings are in contrast to other literature that has indicated that increasing complexity 

of dosing regimen causes increased non-compliance(132) .  One reason for the prior 

large retrospective cohort study to have found such a finding is that their definition of 

combination therapy included a variety of hypertensive drugs when compared to our 

single combination of a diuretic and ACE inhibitor.  In regards to our findings, we 

believe that a unique characteristic that exists is that those patients with combination 

therapy are not naïve.  In that they have participated in a previously conducted cross-

sectional survey approximately a year earlier that investigated the prevalence of 

hypertension in the population.  At the end of the cross-sectional survey subjects have 

been prescribed a first line medication for hypertension, all these patients are from 

Yangbajing township.  These individuals have also elected to participate in our current 

interventional trial indicate a desire for more medical care and would be more likely to 

be adherent to any provided therapy.  Only patients from Yangbajing could receive the 

addition of the ACE inhibitor as they are likely to be have been compliant in phase I 
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versus other patients from Gongtang township who are more naïve and only recently 

receiving education to the hypertension prevention.   

In comparison to prior reports in other Chinese populations we did not find that 

either gender are significantly associated with non-compliance; which others have 

reported conflicting findings (77, 78, 117-119, 121-124, 126-128).  We also did not find co-

morbid condition to significantly predict non-compliance at three  nor six months of 

follow-up in contrasts to reports in other Chinese populations (77, 78, 118, 119, 121).  Our 

measure of co-morbid conditions has relied solely on self-reported conditions, which 

could be impacted by subject’s memory and the type of past medical care.  In some rural 

areas of China, hard copy documentation during medical visits is not a standardized 

practice due to a variety of reasons.  Thus, our study population’s prevalence of co-

morbid conditions is likely underreporting the actual frequency.     

We are unable to examine subject beliefs in western when compared to 

traditional Tibetan and Chinese medicine, as this information are not collected in our 

instrument.  However, others reports have suggested that subject level beliefs can 

impact the level of compliance by influencing perceived benefits of “western” 

medication versus traditional Chinese or Tibetan medication (123-128).  A recent cross-

sectional survey of adults in the US, suggested the use of complementary or alternative 

medicine that are also on antihypertensive medication tended to be highly correlated 

with lower anti-hypertension medication compliance (133).   
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4.4 Strengths and Limitations 

The present study has utilized patients enrolled in a randomized controlled trial 

design; which would minimize the random errors and provide precise and reliable 

observed effects yielding strong internal validity. This study reports compliance of 

medication in Tibetans for the first time.  Our findings suggest that combination of 

diuretic and ACE inhibitor see is well tolerated in the population.  Dietary salt substitute 

did not negatively impact compliance of medication in our population.  

The present study is limited by restricted financial resources available and 

austere environmental conditions (remote and rugged terrain at an elevation of 4300 m).  

The number of follow-ups is limited to just two at three months intervals post-

randomization.  Follow-ups at higher frequencies might help improve subject recall for 

self-reporting compliance.  The limited budget and staff prevented a larger  number of 

patients from being recruited and has reduced the power of our analyses.  As a pilot 

study the depth of baseline questionnaire collection are narrow in scope.  An instrument 

for cultural beliefs and health seeking behavior is not included our study.  The allocation 

of medication is not randomized in our study, potentially introducing confounding or 

bias.  Despite those limitations, this study is the first to examine compliance factors for 

blood pressure reduction medication in Tibetan elderly at high altitude.  
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4.5 Retrospective Study Suggestions 

A major limitation of our study is the limited resolution of the outcome measure 

of interest, subject self-reported medication non-compliance.  Subject dependent recall 

for the 90 day periods could have been yielded less precise measurement and 

quantification of the outcome variable from underreporting by subjects “afraid” to upset 

the study team, number rounding, memory loss from old age.  Our group did not count 

the remainder of pills at follow-up as originally planned.  Time limitations of the follow-

up household visits and insufficient study staff availability are major factors for this 

change from protocol.  Our outcome data has used instead self-reported reliance from 

subject recall at follow-up for the subjects previous three, seven, 14, and 20 days 

compliance.  This is collapse with self-reported non usage or irregular usage, which is 

defined to the subjects if they skipped any dosage, never started the medication, or took 

more than prescribed daily dose.  Our group’s outcome measure is limited in that the 

more rigorous and validated technique such as the Morisky score is not implementable.  

The Morisky Medication Adherence Scale is a determination of daily compliance, with 

the proportion of days of compliance calculated.  If the calculated value is at least 80% of 

days compliant, than a subject would be deemed compliant (134, 135).   

There are number of potential techniques that can be readily implemented to 

improve the fidelity of the outcome measure of non-compliance. In the resource limited 

setting a simple technique would be to weigh the full pill bottles before giving them to 
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subjects and weighing them again at follow-up.  Any remainder of pills could be easily 

calculated through the net weight difference, though the exact days of non-compliance 

could not be matched to the left over pills.  Another potential technique that our group 

could use in the future would be to have medication packaged in a blister pack, so 

subjects would simply push out the pill(s) each day, allowing for an inexpensive way to 

track daily compliance without electronics or daily monitoring.  For subjects on more 

than one medication, a modified Polypill could be utilized (136, 137).  A more popular 

technique in the United States has utilized an electronic monitoring medication device 

that tracks each time the pill bottle is opened, but the cost of this would be a major 

barrier of implementation in resource limited settings such as Tibet (138). 

The phase I and II non-compliance rates are still have tremendous margin to 

improve and future implementations in our target population of Tibetan elderly should 

incorporate additional strategies to improve rates of compliance.  These techniques have 

been examined in the prior literature with some successful gains made.  Subject self-

monitoring of blood pressure could work in a two-fold manner to help future studies, by 

improving the accuracy and precision of the measure of drug compliance, as there is 

sufficient prior literature to estimate an expected net change in pressure with a given 

dose.  The other major benefit is that it would provide daily feedback to the individual 

in regards to the progress that they are making with compliance in medication.  The 

limitation of the application of this technique in our resource limited setting is the cost 
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per subject for individual blood pressure devices.  Also the issue of subject training for 

proper blood pressure cuff usage might require the use of a validated automated blood 

pressure cuff device, which might make this technique quite costly.   However for 

patient investment and affirmation of medication / therapy effectiveness an automated 

blood pressure cuff might be a good long term solution for deployment in very high risk 

patients(139).   

Technology based health innovations might provide an innovative pathway for 

improving medical compliance in resource limited and abundant settings.  There are 

some investigations in populations with a high penetrance of mobile phone use and 

using text or SMS reminders for daily medication dosing, follow-up appointment 

remainders, and even tracking data in subjects (140).  A potential barrier for this 

implementation in rural Tibet would be the limited mobile coverage currently, but not 

for individuals living near Lhasa.   

Although, recently completed systematic review of strategies to improve 

medication compliance for hypertension management found insufficient data for a 

meta-analysis, stemming from the broad variety of techniques and differing study 

designs employed.  However, three major types of interventions are found to improve 

compliance.  In 77.8% of studies examined (n=9) simplified dosing regimen improve 

rates of adherence from 8-19.6%(132).  Motivation strategies in 41.7% of studies (n=24) 
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analyzed reveals 1 to 23% improvements in adherence(132).  Multimodal interventions 

in 44.4% of studies examined (n=18) revealed 5-41% improvement in adherence(132).   

A permutation of this technique, would be a combination of automated blood 

pressure self-monitoring device that also could provide study personal daily blood 

pressure data updates (141).  Furthermore, the use of electronic medical record 

combination with automated tracking system has been previously shown to have some 

impact on medication adherence improvement (142).  One such platform OpenMRS, a 

open source medical record system, which is currently undergoing deployment in 

developing countries is OpenMRS (143-150).  The use of electronic medical record 

system can reduce workload in data entry and translation.  Furthermore, once deployed 

can provide infrastructure for other health interventions.  Mobile data entry of data 

through smart phones, tablets, could provide real time data collection and allow for 

immediate feedback and guided interventions for care givers through evidence based 

medicine algorithms.  Recent report from Alaska revealed the successful deployment of 

an electronic medical record combined with telemedicine system for use in rural villages 

in Alaska.  The study authors report successful delivery and implementation of 

providing health care in a remote austere setting similar to those facing health care 

professionals in Tibet (151). The long term health outcome data and cost-effectiveness of 

these technology based innovations have not been reported as of yet.   
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4.6 Implications and Generalizability  

Our findings suggest that Tibetan herdsmen are tolerant of combination 

therapies for hypertension; however there is a relatively higher rate of non-compliance 

to first time users of thiazide and thiazide like class of diuretics.  These findings might 

not be generalizable to other Tibetans living in urban areas such as Lhasa the regional 

capital city or other minority groups in China.  However, since our analysis is conducted 

with subjects enrolled in a randomized control trial for dietary salt supplementation 

these findings could be compared to other groups undergoing simultaneous 

interventions.   

4.7 Conceptual Theory 

We tried to examine multiple factors that other groups have previously 

identified in Chinese populations associated with non-compliance; however due to the 

homogeneity of our selected population many factors failed to converge or where 

“perfect” predictors of events using logistic regression.  This also stemmed from our 

relative small study at the first follow-up of around 117 eligible patients and 217 patients 

at the end of the study.  The available data was derived from a  sub-sample of a pilot 

study conducted with limited resources in the Tibetan Autonomous region.  Further 

stratification by gender or other factors reduce values in our cells to less than five 

individuals per variable; thus limiting our ability to performed a more detailed analysis 

or performs adjustments to control for potential confounding.  The study design are 
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complicated by the fact that only the treatment of dietary salt substitute are randomized; 

while drug regimen are determined by the treating physician and by availability of 

donated hypertensive medications.   This made our population more similar to a case-

control for hypertension drug compliance than randomized control trial.   

4.8 For Clinicians and Public Health 

Tibetans have a unique daily dietary habit that involves a large amount of 

sodium intake from Yak milk salted tea; which has a consistency more akin to a hearty 

broth than the traditional tea most are familiar with. We believe the high rate of salt 

treatment compliance from all those randomized 75.8% (214/282) who completed the 

trial and the low number of discontinuation of intervention arm due to poor taste 0% 

(0/141) or 1.4% (2/141) due to stomach discomfort that the salt-substitute used in the 

present study is well tolerated. This finding also corroborate a prior study in rural 

Chinese adults, who did not report any significant qualitative differences in saltiness, 

flavor, and overall acceptability of food prepared with normal salt and the salt-

substitute (73). Tibetans are more likely consume salt directly from their frequent and 

daily tea drinking habit.  This suggests that the dietary salt substitute is potentially 

easier to introduce in our target population, whereas introduction of “western” 

medication could be met with resistance.  There is some literature in Chinese 

immigrants to the United States of the preference for the use of traditional “Chinese” 

medicine and other alternative treatment paths.  Thus, there is importance of public 
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health intervention designers in considering the cultural acceptability of the proposed 

innovation.   Future studies are warranted to examine the baseline health seeking 

behavior of Tibetan elderly and the belief system for perceived efficacy of medical 

treatment comparing “western” versus Chinese and Tibetan traditional medicine.   

4.9 Future Research 

The use of a dietary salt-substitute has been shown to significantly reduce 

systolic and diastolic blood pressure; however in Tibetan Autonomous Region the basal 

level of severe hypertension is quite high.  Thus, dietary salt-substitute would not be 

able ameliorated by itself; but would need to be used in conjunction with a combination 

of low dose first-line hypertensive medications.  Further studies with larger enrollments 

are needed in the Tibetan elderly population to more clearly elucidate the factors 

associated with non-compliance.    In addition, by adopting a population wide campaign 

to improve awareness to risk factors of hypertension and emphasis on use of salt-

substitute would provide specific impetus for improvements in behavior of patients in 

the local population and lower prevalence. Although in the Tibetan population, the 

number of patients at higher classifications of hypertension would need a first-line 

pharmacologic therapy such as diuretics or ACE-inhibitor for successful control of blood 

pressure.  Our group is currently enrolling nearly 1500 patients in the SimCard Trial 

(Clinical Trials #NCT01503814), which will be conducted in another semi-nomadic 
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elderly population in the Tibetan Autonomous Region with many of the suggested 

study enhancements found in this report.   

4.10 Conclusion 

The impact of our findings suggests that first-line medication for hypertension 

can be successfully implement alongside dietary reduced sodium salt substitute.  

Interestingly, combination therapy had higher rates of compliance when compared to 

diuretic only therapy.  This is contradictory to prior literature that reports increasing 

compliance correlated with simplifying drug regimen.  A potential explanation for our 

findings is that the population examined in this study is not naive as over half had 

previously participated in a prior cross-sectional study examining hypertension.  The 

subjects also elected to participate in this clinical trial, as this population is in a limited 

resource area so free health care is highly desired by the elderly.   This demonstrates a 

population level desire for Tibetan elderly for future public health interventions.  
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