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Abstract 
The purpose of this study was to establish a risk stratification model for identifying Chinese immigrants 

at risk for non-adherence to antihypertensive medications. Questionnaires were self-administered to 200 Chinese 

immigrants in San Francisco, USA. Questionnaires included demographics, culture factors (e.g., Perceived Suscep-

tibility in General, Perceived Benefits of Western Medication, Perceived Benefits of Chinese Herbs, and Health-

Related Social Support), and medications adherence. Participants' mean age was 70.6 (±10.3) years. Three stratifi-

cation factors were identified for non-adherence: Lower Perceived Susceptibility in General, lower Perceived Ben-

efit of Western Medications, and longer Length of Stay in the United States. The probability of non-adherence was 

77%, 62%, and 57% for lower perceived susceptibility, longer stay in the United States, and lower perceived ben-

efits of Western medications, respectively. A combination of lower perceived susceptibility and lower perceived 

benefits of medication predicted 81% non-adherence and lower perceived susceptibility with longer stay in the 

United States predicted at 84%. All three factors combined predicted nearly 90%. Patients with all three factors had 

the highest risk for non-adherence. The second priority groups are patients with lower perceived susceptibility and 

those with lower perceived susceptibility combined with any of the other two factors. In the clinical setting, these 

three groups are a high priority for education on the importance of medication adherence. 
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 Hypertension (HTN) is a common medical 

condition that plagues about 1 billion of the world’s 

population (World Health Organization, 2016). In de-

veloped countries, uncontrolled HTN increases the 

risk of stroke, coronary artery disease, and renal fail-

ure (World Health Organization, 2016). HTN can be 

treated with a variety of anti-hypertensive medications 

that control blood pressure; however, failure to adhere 

to the treatment regimen can be a problem for many 

patients in part because HTN does not present with 

symptoms (Chockalingam, 2008; Joint National 

Committee, 2003). Medication adherence requires the 

patient to follow the prescription at least 80% of the 

time to ensure effectiveness (Ingersoll & Cohen, 

2008). Low medication adherence (less than 80%) in 

patients with HTN can greatly impede the progress of 

blood pressure control (Joint National Committee, 

2003). The cost for taking care of patients with non-

adherence exceeds that of adherent patients (Dragomir 

et al., 2010). Thus, development of a risk stratification 

model to identify patients who are at risk for antihy-

pertensive medication non-adherence is important to 

help clinicians plan a more effective HTN manage-

ment program for the target population. 

 Chinese immigrants constitute the largest 

proportion (22%) of Asian Americans and Pacific Is-

landers (17.3 million in the year 2010) in the United 

States (U.S. Census Bureau., 2012). More than 2 mil-

lion Chinese reside in the United States (U.S. Census 

Bureau, 2013); of this group, roughly 40% have been 

diagnosed with HTN (Chen & Hu, 2014; Sheng et al., 

2013), compared to 29% in the general population 
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(Egan, Zhao, & Axon, 2010). Chinese immigrants 

have their own cultural background and traditional 

medical practices, which can complicate medication 

treatment for HTN (Taiwan Government Information 

Office, 2015). Therefore, developing a risk stratifica-

tion model using predictors, such as cultural health 

perceptions of HTN, its treatment, and length of stay 

(LOS) in the United States, should be taken into con-

sideration when helping Chinese immigrant patients 

manage their HTN (Li, Stewart, Stotts, & Froelicher, 

2005; Li, Stotts, & Froelicher, 2007). Both cultural 

health perceptions of HTN and LOS in the United 

States were associated with acculturation so they were 

used as cultural predictors (Abraído-Lanza, 

Armbrister, Flórez, & Aguirre, 2006; Li, Wallhagen, & 

Froelicher, 2008). Identifying at-risk Chinese immi-

grants for poor medication adherence using a risk 

stratification model and working with them to improve 

their HTN management is critical for preventing seri-

ous HTN-related complications, such as stroke. This 

in turn helps achieve a national goal of reducing health 

disparities.    
Another strength of a risk stratification model 

is to provide a predictive number on the probability 

that patients will be non-adherent if they have certain 

risk factors (Long & Freese, 2006). A concrete number 

on the probability of medication non-adherence can 

give clinicians the confidence to more accurately iden-

tify priority patients they should work closely with to 

improve their HTN management and use health care 

resources wisely. In addition, the probability of non-

adherence can serve as an outcome measure in con-

junction with blood pressure measures to help clini-

cians monitor patient progress in HTN management.  

Given the above, the specific aims of this 

study were to challenge the traditional approach of 

simply presenting an odds ratio of a single predictor to 

provide a better risk stratification model by (a) using 

combined, culturally specific, risk stratification factors 

for identifying Chinese immigrants at risk for non-ad-

herence to antihypertensive medications; and (b) pre-

dicting a probability of non-adherence for patients 

with a certain subset of risk stratification factors. Cur-

rently, these approaches are rarely used in health care 

research because of a lack of appropriate statistical 

software to generate a risk stratification model. How-

ever, a relatively new statistical program (SPost in 

Stata) has been developed in the past decade, which 

will generate such a stratification model to predict the 

probability of non-adherence (Long & Freese, 2006). 

Due to a good match between this software and the 

specific aims of this study, SPost in Stata was used for 

data analysis.    

Findings from this study may advance health 

care by establishing a culturally specific, risk stratifi-

cation model to better identify Chinese immigrants 

who are at risk for non-adherence to antihypertensive 

medication. In addition, this risk stratification model 

may also be used to help identify other Asian immi-

grants at risk for non-adherence, such as Vietnamese, 

who share a similar cultural background with Chinese. 

To our knowledge, this is the first study of this type in 

this population.      

Methods 

Study Design 

The parent study with a longitudinal design 

was completed in 2007. The data presented here are a 

secondary analysis based on a cross-sectional survey 

(Li, Stewart, Stotts, & Froelicher, 2006) conducted 

during the first interview asking about demographic 

variables, cultural factors, and medication adherence.   

Sample and Settings 

A convenience sample of 200 Chinese immi-

grants was recruited from a nonprofit Asian health 

clinic in the San Francisco Bay Area. This sample size 

was determined by using nQuery Advisor (Elashoff, 

2007). When the sample size is 200, the logistic re-

gression test of  = .05 (two-sided) will have more 

than 80 % power to detect an odds ratio of 2.5.  

The inclusion criteria were (a) Chinese immi-

grant (ethnic Chinese, born outside of the United 

States), (b) aged 18 years or older, (c) diagnosis of 

HTN, (d) on antihypertensive medication for more 

than one month prior to the study, and (e) able to speak 

and read Chinese. The exclusion criteria were medical 

instability (e.g., end-stage renal failure) and psychiat-

ric problems (e.g., schizophrenia), which can compro-

mise study participation. 

Data Collection Procedure  

 Institutional Review Board approval was ob-

tained from the University of California, San Fran-

cisco and written consents were obtained from all par-

ticipants. Subjects with HTN were identified through 

a computerized database. An invitation letter in Chi-

nese that described the study purpose was sent to all 

potentially eligible participants. A postcard to decline 

participation was also included. Calls were made to el-

igible participants who accepted the invitation through 

the mail to discuss further interest in participating in 

the study. Participants were asked to bring all their 

medications with them to their next clinical visit where 

their blood pressure will be measured. Questionnaires 

were self-administered and completed by the partici-

pants.   
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Measurement of Risk Stratification Varia-

bles 

 Seven potential risk stratification, cultural 

factors were measured via self-administered question-

naires. The detailed description and scoring methods 

have been published elsewhere (Li et al., 2005). 

Herein, we will briefly report definitions for each 

scale. The psychometric properties are listed in Table 

1 (Li et al., 2005). 

Perceived Susceptibility in General (PSG) is 

the patient's perception of how susceptible she or he is 

to the impact of HTN. This impact includes a decline 

in the quality of life due to disease. For example, ‘‘If I 

had a stroke or heart disease, it is possible that I will 

need others to help for the rest of my life.’’ Perceived 

Susceptibility to Specific Diseases (PSSD) is the pa-

tient's perception of how susceptible she or he is to the 

effects of HTN (e.g., experiencing complications due 

to uncontrolled HTN [i.e., heart attack, stroke, and kid-

ney disease]). Perceived Benefits of Chinese Herbs in 

General (PBCHG) is an individual’s perception of 

benefits of using Chinese herbs, such as fewer side ef-

fects compared to Western medications. Perceived 

Benefits of Western Medications (PBWM) for Hyper-

tension evaluates how participants viewed the effec-

tiveness of Western medications in lowering blood 

pressure. Health-Related Social Support (HRSS) is an 

individual’s perception of support provided by family 

and/or friends for health-related activities (e.g., having 

someone available to discuss health issues before go-

ing to the doctor). Social Support in General (SSG) is 

defined as perceived tangible and emotional support 

from family or friends (e.g., having someone available 

whom an individual can count on to listen to her when 

she needs to talk). Length of Stay (LOS) in the United 

States asks how long has an individual lived in the 

United States measured in years. 

Table 1. Psychometric Properties for Culturally Specific Risk Stratification Factor Scales 

Scales (number of items) Possible range Mean (SD) Cronbach’s  

Perceived Susceptibility in General (2) 2-10 7.99 (1.21) 0.66 

Perceived Susceptibility to Specific Diseases (5) 5-25 10.25 (4.04) 0.79 

Perceived Benefits of Western Medications for Hypertension (2) 2-10 7.95 (1.01) 0.57 

Perceived Benefits of Chinese Herbs in General (4) 4-20 14.01 (2.22) 0.75 

Health-Related Social Support (7) 7-35 26.85 (3.77) 0.83 

Social Support in General (6) 6-30 19.18 (6.60) 0.91 

Note. The higher the score, the higher the level of perception or social support (e.g., greater susceptibility; Li et al., 2006). 

Measurement of Demographic Variables 

The demographic data including age, gender, 

education, religion, annual family income, born coun-

try, and living with family members, were measured 

using a self-report questionnaire. The questionnaire 

was modified from the Behavioral Risk Factor Sur-

veillance System Survey Questionnaire (Centers for 

Disease Control and Prevention, 1998). 

Measurement of Outcome Variables  

The Medication Adherence Scale (Morisky, 

Green, & Levine, 1986) evaluating the frequency of 

forgotten or missed medications, and how often they 

were careful to take their antihypertensive medications 

was slightly altered (Li et al., 2005). A Likert scale 

with 5 response choices (ranging from ‘‘None of the 

time’’ to ‘‘All of the time’’) was used to replace the 

original dichotomous one due to response preference 

indicated by Chinese immigrant participants in our pi-

lot study (Li et al., 2005). Based on the pilot study 

findings, the Medication Adherence Scale was found 

to be superior to other measures of adherence, such as 

pill counts and medication events monitoring systems 

for Chinese immigrant patients (Li et al., 2005; Li et 

al., 2006; Morisky et al., 1986). Thus, it was used in 

this study for measuring medication adherence. Medi-

cation adherence was defined as having at least 80% 

of the highest score on the Medication Adherence 

Scale (Ingersoll & Cohen, 2008). Thus, 80% was used 

as a cut point for dichotomizing this outcome variable 

into adherence and non-adherence.     

Blood pressure was measured twice based on 

the standard procedures provided by the Joint National 

Committee (2003). All participants’ blood pressures 

were measured by the same device and same data col-

lector. Due to the limitation that not all participants 

could be scheduled for a similar time window (such as 

early morning) to obtain the most comparable blood 

pressure outcomes, participants’ blood pressure was 

measured twice and averaged (Joint National 

Committee, 2003). Blood pressure control was defined 

as a blood pressure of less than 140/90 mmHg. For this 

analysis, blood pressure outcome was only used to de-

scribe the sample as it was not a major outcome for the 

prediction model.  
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Data Analysis             

 To establish a risk stratification model and 
the prediction of probability of medication non-
adherence, SPost in Stata (version 11.0) was used for 
data analysis. In order to use SPost, a multiple logistic 
regression presented in the form of odds ratio with a 
95% CI (Afifi & Clark, 1997) was performed initially 
to identify risk stratification factors for medication 
non-adherence. Logistic regression analysis was used 
for the analysis because it does not require the 
assumption of normality of data and it is easy to 
interpret study results in the form of odds ratio with a 
95% CI (Afifi & Clark, 1997). Many risk factors were 
identified from the literature to establish a more 
robust, stable risk stratification model, and they were 
included in the regression model, covering (a) 

demographic factors, such as education, religion, 
annual family income, born country, and living with 
family members; and (b) cultural factors, such as 
perceived benefits of using Chinese herbs versus of 
using Western medications and LOS in the United 
States. Since the literature suggested that most of the 
demographic variables would not be predictors for 
medication non-adherence (Li, Kuo, Hwang, & Hsu, 
2012; Li, Wallhagen, et al., 2008), they were 
controlled for in the prediction model instead of being 
used as independent variables. The median was used 
as a cut point for defining dichotomous independent 
variables for a logistic regression analysis for non-
adherence. The reason that the independent variables 
were dichotomized was for ease of interpretation and 
establishment of a risk stratification model.  

Table 2. Multivariate Logistic Regression of Risk Stratification Factors for non-Adherence   
      95% CI  

Variables AOR Upper Lower 

Perceived Susceptibility in General*   

>8 1   

 8 4.57 1.79 11.71 

Perceived Susceptibility to Specific Diseases    

>10 1   

 10 1.80 0.87 3.74 

Perceived Benefits of Western Medications for Hypertension*    

>7 1   

 7 3.16 1.30 7.70 

Perceived Benefits of Chinese Herbs in General     

 14 1   

> 14 0.68 0.34 1.38 

Health-Related Social Support    

> 28 1   

 28 1.20 0.42 3.41 

Social Support in General    

> 19 1   

 19 1.07 0.53 2.15 

LOS in the United States*    

 12 1   

> 12 2.49 1.19 5.19 

 Age (years)    

 72 1   

> 72 1.01 0.48 2.11 

Gender    

Female 1   

Men 1.16 0.60 2.25 

Note. In the regression model, the controlled variables: Education, religion, annual family income, born country, living with fam-

ily members;*p < .05; AOR = adjusted odds ratio.   

Results 

Sample Characteristics 

The response rate in our study was 80% (orig-

inally, 250 were contacted but 200 actually partici-

pated in the study). A detailed description regarding 

the number of potential participants who were ap-

proached, who declined, and who participated was re-

ported previously (Li et al., 2006). The mean age was 

70.6 (±10.3) ranging from 39 to 91 years. Half of the 

participants were women (50%). Three-quarters were 

retired (75%), married (70%), and lived with an annual 

household income less than $19,999 (71%). The mean 
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LOS in the United States was 13 (7.2) years. The ma-

jority (98%) preferred to communicate with their care 

provider in Chinese. Half (51%) had their HTN con-

trolled and 75% had medication adherence. More de-

tailed descriptions of the sample characteristics were 

reported previously (Li et al., 2006).   

Risk Stratification Variables and Medica-

tion non-Adherence 

Of the nine independent variables (seven cul-

tural and two demographic factors), there were three 

identified risk stratification factors that were statisti-

cally associated with non-adherence (Table 2). These 

were low PSG (OR = 4.57, 95% CI [1.79, 11.71]); low 

PBWM (OR = 3.16, 95% CI [1.30, 7.70]); and longer 

LOS in the United States (OR = 2.49, 95% CI [1.19, 

5.19]). There were no significant associations between 

demographic variables and medication non-adher-

ence. 

Risk Stratification Model for Predicting Medi-

cation non-Adherence 

Based on those three significant factors, we 

further used SPost to determine a probability of non-

adherence. The probability of non-adherence was 

77.3%, 61.8% and 57.3% for lower PSG, longer LOS 

in the United States and lower PBWM, respectively 

(Figure 1). A combination of lower PSG and lower 

PBWM predicted 81.0% of non-adherence and lower 

PSG with longer LOS predicted 83.7% of non-adher-

ence (Figure 2). All three factors combined predicted 

86.5% of non-adherence.  

  
Figure 1. Probability of Medication non-Adherence (Single 

Factor). A = Low PSG; B = Longer LOS; C = Low PBWM. 

Note. PSG = Perceived Susceptibility in General; LOS = 

Length of Stay in the USA; PBWM = Perceived Benefits of 

Western Medications.  

  
Figure 2. Probability of Medication non-Adherence (Multi-

ple Factors). A = Low PSG + Longer LOS; B = Low PSG + 

Low PBWM; C = Low PSG + Longer LOS + Low PBWM. 

Note. PSG = Perceived Susceptibility in General; LOS = 

Length of Stay in the USA; PBWM = Perceived Benefits of 

Western Medications. 

Discussion 

In brief, the studied population was older and 

did not speak English, had low levels of education, and 

poor financial support. Based on the report of a na-

tional, multi-center study of atherosclerosis (MESA) 

study, about one-third of medicated Chinese Ameri-

cans aged 45-85 years old had uncontrolled HTN 

(33%; Kramer et al., 2004). Compared to this popula-

tion, our sample with a similar age range had a much 

higher uncontrolled hypertension rate (49%). The rea-

son for this may be due to the fact that, compared to 

MESA participants, our Chinese immigrant partici-

pants were less acculturated. For example, nearly 

100% of the participants in this study did not speak 

English and most stayed within their Chinese commu-

nity for all activities, such as grocery shopping and at-

tendance at social events. Given this, Chinese immi-

grants, who share similar living and cultural back-

grounds with our sample, such as those who live in 

Chinatown, warrant further attention of clinical nurses 

to provide culturally and linguistically appropriate 

health education to help this population achieve better 

HTN management.  

Among three of the stratification factors, 

lower PSG was the first and strongest compared to the 

other two (longer LOS in the United States and lower 

PBWM); PSG predicted high probability (77%), of 

non-adherence in Chinese immigrants. The rationale 

may be due to the fact that there are no symptoms as-

sociated with HTN and many Chinese immigrants may 

have the perception that there is no need to take their 

medication, leading to a high level of medication non-

adherence. 
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In addition, Chinese immigrants have a collectivistic 

cultural background in which maintaining social order 

and functioning of the group or family takes prece-

dence (Chen & Swartzman, 2001; Chen, Tsai, & Lee, 

2009). We found that if an individual had less per-

ceived susceptibility related to HTN (e.g., if a patient 

is not adherent to antihypertensive medications and 

had a stroke as a result of non-adherence, family mem-

bers will need to provide care which may cause com-

promised relationships in the family), their medication 

non-adherence was worse. Previously, studies in a Tai-

wanese population and Chinese immigrants in the 

United States revealed that the 87% to 94% of partici-

pants lived with their family, and many of them were 

family caregivers, 65 years of age and older, and 

helped care for their grandchildren (Hsu, Mao, & Wey, 

2010; Li et al., 2012). This further illustrates how a pa-

tient’s social connectivity and responsibility may in-

fluence adherence to medication. The strong negative 

impact on an individual’s perception that the health 

condition will become worse and have an effect on the 

family, may lead to being greater motivation for better 

medication adherence.   
Longer LOS in the United States also pre-

dicted a high probability (62%) of non-adherence. One 

explanation might be that the longer Chinese immi-

grants are in the United States, the more cynical they 

become toward the Western health system and thus 

they disregard prescriptions and are reluctant to com-

municate with their health care providers. For exam-

ple, if they suffered side effects from a prescribed 

medication, they may stop taking that medication 

without consulting their care provider first. Previous 

research found greater communication barriers be-

tween older Chinese (particularly when they stay 

longer in the United States) and their health care pro-

viders than the younger generation, and this barrier 

was associated with greater medication non-adherence 

(Turner, Hollenbeak, Weiner, Ten Have, & Roberts, 

2009). Thus, older Chinese immigrants warrant further 

studies to confirm their greater barriers in being 

adherent to antihypertensive medications. Although in 

the literature, LOS is considered one of the factors for 

acculturation in other immigrant populations (e.g., Fil-

ipinos; Abraído-Lanza et al., 2006). For Chinese im-

migrants, the majority of those who do not speak Eng-

lish and stay in their own communities, LOS in the 

United States may not be the best indicator for accul-

turation. Therefore, it is not surprising that longer LOS 

in the United States is not associated with better adher-

ence. Instead, because of their cynical views toward 

the Western health care system and maintaining tradi-

tional cultural practices, Chinese immigrants with 

longer LOS in the United States may be more reluctant 

to be adherent to antihypertensive medications. This 

warrants further study.    

PBWM also predicted a high probability 
(57%) of non-adherence. Although the predicted prob-
ability was not as strong as the other two factors, it was 
suggested by this study and the literature (Li et al., 
2005; Li et al., 2012) that PBWM plays a significant 
role in promoting Chinese immigrants’ adherence to 
antihypertensive medications. Thus, it is essential that 
nurses should take into consideration when planning 
health education for Chinese immigrant patients about 
the management of HTN, which should emphasize the 
importance of taking Western antihypertensive medi-
cations for optimal blood pressure control.        

Compared to those studies with only one sin-
gle risk factor, our results showed that patients with 
more than one stratification factor had a higher risk for 
non-adherence. For example, patients with lower PSG 
(one factor), compared to the other two factors (longer 
LOS or lower PBWM), had the highest risk of non-
adherence (77%). However, when lower PSG was 
combined with longer LOS or lower PBWM, the prob-
ability was even higher, ranging from 81%-84%. 
When all three factors were combined, the probability 
of non-adherence reached nearly 90%.         

The above information can help establish a 
culturally specific, risk stratification model to classify 
hypertensive patients into different risk groups and di-
rect the focus of clinicians in targeting patients who 
are at high risk for non-adherence when trying to pro-
vide health education regarding HTN management. 
For example, for patients with all three risk factors, 
health clinicians should work with family members 
and other health care team members to develop an op-
timum intervention, including more frequent follow-
up, culturally and linguistically appropriate health ed-
ucational programs, and the use of technology, such as 
social media, to facilitate interaction between patients 
and care providers. If time and budgets allow, the sec-
ond priority should be patients with lower PSG and 
those with lower PSG combined with any of the other 
two predictors (longer LOS or lower PBWM).  

The above risk stratification model warrants 
further investigation to establish a more robust algo-
rithm to prioritize HTN care for Chinese or those who 
share similar cultural backgrounds. With the limited 
budgetary plans in most health care settings, develop-
ment of such a risk stratification model is important to 
help clinicians focus care on the patients who are most 
non-adherent to their antihypertensive medications. 

This study has some limitations. One, the 
Chinese immigrants were recruited from a single re-
gion of the San Francisco Bay area. The abundance of 
Chinese-speaking people in this area and the influence 
of the Chinese culture on clinical practice could be 
greater than other regions of the United States. There-
fore, results should be carefully assessed in other com-
munities that have fewer Chinese immigrants. For ex-
ample, Chinese immigrants who live in the Midwest 
may be moderately acculturated and thus the family 
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structure and health beliefs may not be the same. In 
order to assess the validity of these findings, further 
validation in other regions is recommended. Second, 
because of the limitations in our recruitment, study 
findings may not be generalized to those who are 
younger, have no language barriers, have higher levels 
of education, higher incomes, and took antihyperten-
sive medications for less than one month. Moreover, 
the cross-sectional study design precludes definitive 
causal associations. Lastly, a larger sample may pro-
vide more stable results. 

Conclusions 

It is anticipated that these findings can help 
advance knowledge to improve primary care and edu-
cation to the most at-risk groups of Chinese immi-
grants with HTN who are likely to be non-adherent to 
their medications. Based on our results, we have iden-
tified three culturally specific, risk stratification fac-
tors that have predicted the probability of medication 
non-adherence. Of the three factors, lower PSG esti-
mated the highest probability of non-adherence. It is 
suggested that patients with all three combined factors 
and patients with lower PSG or lower PSG combined 
with any of the other two factors (longer LOS in the 
United States or lower PBWM) warrant special atten-
tion by clinicians. Because medication non-adherence 
continues to be a predicament that prevents patients 
from achieving good blood pressure control, espe-
cially in minority groups, more research should be 
conducted to help strengthen the proposed risk strati-
fication model to help identify and treat at-risk minor-
ity patients for medication non-adherence. In terms of 
implications for clinical practice, patients with all 
three factors have the highest risk for non-adherence; 
therefore, they should be the priority group for educa-
tion on blood pressure control and complications, such 
as stroke.  
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