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A structural equation model of patient-healthcare provider relationships and HIV-
infected patient outcomes in Chinese populations
Wei-Ti Chena, Chengshi Shiub, Joyce P. Yangc, Peing Chuangd, Lin Zhange, Meijuan Baoe and Hongzhou Lue

aSchool of Nursing, Yale University, Orange, CT, USA; bSchool of Social Work, University of Washington, Seattle, WA, USA; cDepartment of
Psychology, University of Washington, Seattle, WA, USA; dKunming Branch, Center of Disease Prevention and Control, Taipei, Taiwan; eShanghai
Public Health Clinical Center, Fudan University, Shanghai, People’s Republic of China

ABSTRACT
Obtaining maximum antiretroviral therapy (ART) adherence is critical for maintaining a high CD4
count and strong immune function in PLWHA. Key factors for achieving optimum adherence
include good medication self-efficacy, decreased medication-taking difficulties, and positive
patient-healthcare provider (HCP) relationships. Limited studies have analyzed the correlation of
these factors and ART adherence in Chinese population. In this paper, structural equation
modeling was performed to assess the proposed model of relations between patient-HCP
relationships and adherence. Audio Computer-Assisted Self-Interview (ACASI) software was used
to collect data on ART adherence and patient variables among 227 PLWHA in Shanghai and
Taipei. Participants completed a one-time 60-minute ACASI survey that consisted of standardized
measures to assess demographics, recent CD4 counts, self-efficacy, patient-HCP relationship,
adherence, and medication-taking difficulties. The data shown the relationship between patient-
HCP relationships and adherence was significantly consistent with mediation by medication self-
efficacy. However, patient-HCP interaction did not directly influence medication-taking
difficulties, and medication-taking difficulties did not significantly affect CD4 counts.
Furthermore, patient-HCP interactions did not directly impact CD4 counts; rather, the relation
was consistent with mediation (by either better medication self-efficacy or better adherence) or
by improved adherence alone. Future interventions should be designed to enhance self-
management and provide better patient-HCP communication. This improved communication will
enhance medication self-efficacy and decrease medication-taking difficulties. This in turn will
improve medication adherence and immune function among PLWHA.
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Introduction

Healthcare Providers (HCPs) play a critical role in sup-
porting patients diagnosed with stigmatized diseases,
such as people living with HIV/AIDS (PLWHA)
(Chen, Wantland, et al., 2013). Also, HCPs have a greater
impact on PLWHA living in collectivist cultures in par-
ticular, such as Chinese culture, because HIV stigma may
severely deprive PLWHA of social support and resources
(Huang et al., 2013). As a result, HCPs often become the
only available sources of necessary support, both instru-
mental and emotional (Rao et al., 2012). Therefore,
maintaining positive patient-HCP interactions, particu-
larly in Chinese culture, is crucial for the well-being of
PLWHA.

To date, the empirical findings remain far from con-
clusive regarding the relationships between patient-
HCP interactions and patient well-being, particularly
patient physical health. Although some empirical studies
support the direct associations between positive patients-

HCP interactions and improved patient physical out-
comes, other studies did not reach similar conclusions
(Mead, Bower, & Hann, 2002). In addition, one study
on the effects of interventions targeting patient-HCP
communication concluded that the interventions had
only small, though significant, effect sizes (Kelly et al.,
2015). In HIV care, there is limited evidence supporting
that positive patient-HCP interactions are associated
with increased likelihood of viral suppression, higher
CD4 count, less severe symptom experiences, better
quality of life (QOL), and long-term survival (Lee,
Rand, Ellen, & Agwu, 2014).

One study has shown that strong patient-HCP
relationships can enhance self-efficacy and then study
participants presented with better ART adherence (John-
son et al., 2006). Another study found a significant
association between patient-HCP relationships and
improved physical health and functioning, as well as an
improved engagement in care, especially in HIV-infected
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men who have sex with men (Bankoff, McCullough, &
Pantalone, 2013). Other studies reported that patient-
provider interaction has a direct and positive effect on
patient satisfaction, medication adherence, and QOL
(Oetzel et al., 2015).

In explaining this weak association between patient-
HCP interactions and patient physical outcomes, Street
and colleagues contend that mediators may exist linking
patient-HCP interactions and patient outcomes, and
they propose a multi-step model that inserts proximal
and intermediate outcomes in the pathway (Street, Curtis,
Sabin, Monteiro, & Johnson, 2009). In Street and col-
leagues’ definitions, proximal outcomes are psychological,
and include factors such as self-efficacy and motivation
for optimal care engagement, while intermediate out-
comes are behavioral, and include skills and tasks necess-
ary for treatment success, such as medical adherence and
self-management (Street et al., 2009). However, there
remains a shortage of empirical studies in HIV/AIDS
care that seek to integrate multiple pathway factors and
simultaneously test their effects in relation to patient-
HCP interactions and patient outcomes.

To fill the gap in the literature and to provide insights
on potential mechanisms, this study aims to link the
patient-HCP interactions to clinically meaningful out-
comes through selected psychological and behavioral fac-
tors. Utilizing Street and colleagues’ framework, this
paper proposes a four-stepmodel as illustrated in Figure 1
(Street et al., 2009). In this model, patient-HCP inter-
actions are associated with PLWHA’s CD4 counts

through medication self-efficacy, subjective treatment
difficulties, and medication adherence. Medication self-
efficacy is defined as PLWHA being confident to follow
treatment recommendations even when confronted
with barriers, such as a busy work life, scheduling con-
flicts, and societal stigma. It has been shown that positive
patient-HCP interactions are associated with heightened
medication self-efficacy (Fuertes et al., 2007). Higher
medication self-efficacy, may be associated with
decreased perceived barriers to adherence and is proven
to be associated with improved medical adherence (Lan-
gebeek et al., 2014). Finally, optimal adherence is associ-
ated with higher CD4 counts, which has consistently
been substantiated in the literature (Lee et al., 2014).

Although the relationships among medication self-
efficacy, adherence, and medication taking difficulties
are well known, limited research describes the associ-
ation of these variables with patient-HCP relationships.
We used a Structural Equation Modeling (SEM) to test
the hypothesis that these factors could explain the
improved ART adherence and CD4 counts. And this
study’s aim was to test these relationships.

Methods

Sample, settings, and procedures

This study utilized a secondary data analysis approach
and analyzed a pooled sample from two related, yet inde-
pendent studies that focused primarily on self-

Figure 1. Hypothesized model.
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management among local PLWHA. These projects
stemmed from ongoing research partnerships among
the same group of investigators across several universities,
Taipei CityHospital-Kunming (TCH) and Shanghai Pub-
licHealthClinicCenter (SPHCC). The survey component
of the research involved Audio Computer-Assisted Self-
Interview (ACASI) questionnaires given to 227 PLWHA
who were receiving care at TCH and SPHCC.

The data were collected from April 2011 to November
2012 at TCH and November 2009 to March 2010 at
SPHCC. TCH and SPHCC clinicians informed patients
from outpatient clinics during their routine clinical visits
about the studies and referred them to non-clinical
research personnel who then explained the study,
answered questions, and obtained signed written con-
sent. The inclusion criteria included (a) diagnosed with
HIV, (b) taking ART currently, and (c) at least 18
years old. Prospective participants who passed the
inclusion criteria and agreed to voluntarily participate
in the studies were then led to a separate room where
they can anonymously answer the surveys on the
ACASI system. All study procedures were reviewed
and approved by the institutional review boards of the
designated institutions.

Measures

In this study, several variables were chosen for statistical
modeling, including demographics, recent CD4 counts,
self-efficacy, patient-HCP relationship, adherence, and
medication-taking difficulties. These instruments have
been previously tested in Chinese populations and have
shown strong reliability and validity (Holzemer et al.,
2006; Shively, Smith, Bormann, & Gifford, 2002).

Demographics
Participants’ age, sex, education level, and residency were
collected via self-report.

Patient- HCP relationships
This is a 13-item scale designed to assess how individuals
rate their interactions with their HCP (Bakken et al.,
2000). Cronbach’s alpha reliability estimate was 0.96 in
the U.S. based study (Bakken et al., 2000). A Chinese ver-
sion of the scale has been tested and published (Chen
et al., 2007). Each item is measured on a 4-point scale
(1 = always true and 4 = never true). Lower scores indi-
cate greater provider engagement. Cronbach’s alpha
reliability estimate in this sample was 0.94.

HIV self-efficacy (HIV-SE)
This scale is derived from the HIV-SE 34-item scale to
measure self-efficacy for specific disease management

behaviors in PLWHA. The adapted scale measures two
conceptual domains: managing medication and mana-
ging symptoms. Each item describes a skill related to
increasing degrees of confidence in management. A 9-
point scale indicating how confident the respondent is
of his/her ability to manage the disease is anchored by
“not at all sure” at the low end and “totally sure” at the
high end. Internal consistency reliabilities in previous
studies ranged from 0.88 to 0.97 (Shively et al., 2002)
and in this sample was 0.82 to 0.90.

Subjective medication-taking barriers
This nine-item survey measures reasons for missed
medications. This came from the revised AIDS Clinical
Trials Group that collected reasons for non-adherence
to medications (Holzemer et al., 2006). Items are rated
on a 4-point Likert scale from 0 = never to 3 = often
(Holzemer et al., 2006). A higher score indicates a
lower level of adherence to medication regimens. Cron-
bach’s alpha for these two subscales and the total scale
ranged from 0.8 to 0.9 (Holzemer et al., 2006) and in
this sample was 0.82 to 0.91.

Adherence
The participants were asked to do a 3-day and 30-day
recall of any missed medication doses. These two visual
analog scales were designed to collect data on 3-day
and 30-day adherence of the study participants (Walsh,
Mandalia, & Gazzard, 2002). The questions assess 3-
day and 30-day ART adherence, reporting separately
for each drug, along a continuum from “took all of my
doses” to “missed all of my doses.” Results returned by
this scale have been shown to correspond with those
reported by other adherence measures such as electronic
monitoring caps for measuring the number of times a pill
bottle has been opened (Walsh et al., 2002).

CD4
The most recent CD4 counts to the data collected time
were assessed by self-report. Because the distribution of
the CD4 counts was positively skewed, Yeo-Johnson
transformation was applied to transform the CD4
value to an approximately normal distribution.

Analysis

Descriptive and bivariate statistics were used to examine
the distributions of selected factors and the relationships
among patient-HCP relationship, self-efficacy, medi-
cation-taking difficulties, adherence, CD4, and back-
ground characteristics. For correlation analyses, we
applied Pearson’s r and Point-Biserial correlations
according to the nature of the distributions of the
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selected variables. Then we utilized SEM to test the pro-
posed model. First, we built a measurement model to
create a latent variable (adherence to medication sche-
dule) with three observed adherence indicators. After
we built the measurement model, we further tested the
structural relationships among patient-HCP relation-
ship, self-efficacy, medication-taking difficulties, adher-
ence, and CD4 count. In both models, we applied
several model-fit criteria to judge the overall fit of the
model to the data. These criteria included Root Mean
Square Error of Approximation (RMSEA) < .07, the
90% Confidence Interval of RMSEA, Comparative Fit
Index (CFI) > .90, and Tucker-Lewis Index (TLI) > .90.
To achieve a more parsimonious model, we further
removed parameters that did not significantly differ
from zero. These adjustments were made with assistance
of formal testing (chi-square test) and modification indi-
ces in order to maintain the excellent fit between the
model and data. We also adjusted the estimates by con-
trolling key demographic backgrounds, including site,
age, gender, and educational attainment. Then, we calcu-
lated the direct and indirect effects of these factors to
investigate the relationships between patient-HCP
relationship and CD4 through different pathways.
Because this study drew upon samples from two different
sites, we applied a cluster-robust Huber-White estimator
to calculate the standard error for statistical inferences.
All tests were conducted using Stata 13 statistical
packages.

Results

Descriptive and bivariate analysis

Demographic characteristics are presented in Table 1
with site comparison. Among the total sample of 227
PLWHA, 91% were male (n = 207), with a mean age of

37 years (SD = 9.22; range = 18–72). Detail demographic
data were and QOL subscale scores are all presented in
Table 1.

Results of bivariate analyses are summarized inTable 2.
The results suggest that research sites as well as selected
demographic backgrounds are significantly correlated
with patient-HCP relationships, medication self-efficacy,
medication-taking difficulties, adherence indicators, and
CD4. Being a male participant was correlated with
younger age, marginally higher CD4 counts, greater
patient-HCP relationships, and lower medication-taking
difficulties. The detail correlations are presented in
Table 2.

Structural equation modeling

As measurement model only included three indicators,
without additional constraints it was a saturated model
and fit indices and Chi-Square test were not applicable.
However, since all the standardized loadings were close
to or greater than 0.6 and statistically significant, it was
suggested that the underlying latent construct, adherence
to medication, can largely explain the observed variables
(Brown, 2015). It is acceptable to include a latent con-
struct that is just-identified if the overall structural
model is over-identified (Mora, Gelman, Steenkamp, &
Raisinghani, 2012). Also, as shown by the fit indices
that for the proposed model x2(18) = 19.206, p = .379,
RMSEA = 0.017 (90% CI: 0.001–0.063, P-Close =
0.852), CFI = 0.997 & TLI = 0.997, suggesting the pro-
posed structural model fit well to the data. However,
because the relationship between HCP-patient relation-
ships and medication-taking difficulties was insignifi-
cant, we further suppressed this relationship to zero,
which yielded slightly better AIC (proposed: 9021.571
vs. reduced: 9020.639) and BIC (proposed: 9175.495 vs.
reduced: 9171.142) values while the likelihood ratio test
showed insignificant result (x2(1) = 1.070, p = .302).
This suggested that the reduced model fit as well as the
proposed model. The model fit indices for the reduced
model were x2(19) = 20.274, p = .378, RMSEA = 0.017
(90% CI: 0.001–0.062, P-Close = 0.860), CFI = 0.997 &
TLI = 0.993. To achieve a more parsimonious model,
therefore, we selected the reduced model to be our
final model, as presented in Figure 2. Finally, the stability
index equaled 0.259, suggesting that all the eigenvalues
laid within the unit circle and the proposed model
reached stable equilibrium.

The results of SEM model fitting were presented in
Figure 2, in which standardized coefficients were
reported in the brackets. In Figure 2, most of the hypoth-
esized direct relationships were significant and sup-
ported by the data.

Table 1. Demographics.
Total sample
N = 227

M(SD) or N(%)

Taipei
N = 120

M(SD) or N(%)

Shanghai
N = 107

M(SD) or N(%)

Age 37.19 (9.22) 36.85 (8.82) 37.57 (9.69)
Gender**
Men 207 (91.15) 117 (97.48) 90 (84.11)
Education
≥HS 183 (80.53) 100 (83.20) 83 (77.57)
Income
Adequate 151 (66.37) 84 (69.75) 67 (62.62)
Patient-HCP
relationships*

3.11 (0.75) 3.22 (0.72) 2.98 (0.76)

Medication Self-Efficacy 8.18 (1.53) 8.29 (1.51) 8.06 (1.56)
Medication Difficulties* 1.87 (0.57) 1.83 (0.55) 1.93 (0.59)
Adherence 3 Day 91.34 (14.92) 91.97 (13.85) 89.26 (17.88)
Adherence 30 Days 90.33 (13.59) 90.99 (16.89) 88.17 (12.40)
CD4 Count** 400 (270) 559 (245) 232 (181)

Notes: M(SD)- Mean (Standard Deviation), HS- High School, HCP- Healthcare
Provider.

*p < 0.05; **p < 0.01.
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Discussion

Our data and models are consistent with an explanation
that patients’ positive relationships with HCP enhance
medication self-efficacy, leading to better ART adher-
ence and achievement of elevated CD4 counts. Given
the self-efficacy and medication-taking difficulties for
PLWHA, a focus on improving healthy patient-HCP
relationships is warranted as a potential mechanism to
better ART adherence and consequently, enhanced
CD4 counts and stronger immune function (Johnson
et al., 2006).

Our results echo previous studies that indicate a sig-
nificant difference in patient engagement with HCPs,
and specifically, studies showing that those who experi-
ence less engagement with their providers have lower

medication self-efficacy (Tyer-Viola et al., 2014). Other
studies have supported that better physician-patient col-
laboration is positively associated with better medication
adherence (Arbuthnott & Sharpe, 2009). Also, more
patient engagement with HCPs has been found to be
important for retention in care (Schnall, Wantland,
Velez, Cato, & Jia, 2014). Positive patient-HCP inter-
actions can foster greater medication self-efficacy,
which is associated with fewer medication-taking diffi-
culties and better ART adherence (Kibicho & Owczar-
zak, 2011).

Interestingly, patient-HCP interaction did not
directly influence medication-taking difficulties, and
medication-taking difficulties did not significantly affect
CD4 counts. Furthermore, patient-HCP interactions did
not directly impact CD4 counts; rather, the relation was

Table 2. Bivariate correlation among variables.
SH§ Men§ Age Edu CD4 P-HCPR Med SE Ad3d Ad30d RAd30d

Men −.24**
Age .02 −.17*
Edu −.18** .05 −.13†
CD4 −.59** .12† −.04 .22**
P-HCP R −.13† .21** −.10 −.01 −.01
Med SE −.07 .03 −.06 .19** .10 .15*
Ad3d .03 .09 −.14* .09 .12† .20** .43**
Ad30d .03 .05 −.15* .06 .13† .20** .46** .81**
RAd30d −.06 .05 .03 .12† .08 .07 .31** .43** .54**
Diff .68** −.25** .11 −.13† −.41** −.20** −.27** −.19** −.20** −.22**
Notes: SH = Shanghai; Edu = Education levels; P-HCP R = Patient-Healthcare Provider Relationship; Med Self-Efficacy = Medical Self-Efficacy; Ad3d = Adherence in
previous 3 days; Ad30d = Adherence in previous 30 days; RAd30d = Self-rated adherence levels in previous 30 days; and Diff = Subjective med-taking difficul-
ties.

§Pearson correlation was used except for SH and Men. Point-Biserial correlation was used for SH and Men.
†p < 0.1; *p < 0.05; **p < 0.01.

Figure 2. Final standardized parameter estimates model after modifications.
Notes: Error variance terms for measured variables are shown as ε. *p < 0.5; **p < 0.01.
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consistent with mediation (by either better medication
self-efficacy or better adherence) or by improved adher-
ence alone. This unanticipated finding demonstrates
that medication-taking difficulties might not be the
only mediating factor in CD4 count fluctuation. Rather,
the influencing factor may be patient-HCP relationships
(Tsuyuki & Surratt, 2015). Indeed, one study has
described the need to enhance engagement in HIV
care for HIV-infected populations by strengthening
patient-HCP relationships to improve retention in
HIV care and ART adherence for PLWHA (Tsuyuki
& Surratt, 2015).

PLWHA face myriad difficulties, such as stigma,
family pressure, potential for inadvertent disclosure to
the public, and other challenges that could be addressed
by cultivating closer patient-HCP relationships (Chen,
Lee, et al., 2013). Studies on reasons for non-adherence
have reported that some HIV-infected participants
slept through dose times, could not follow medication
instructions, and/or had inconsistent daily routines
that negatively impacted ART adherence (Murphy,
Roberts, Martin, Marelich, & Hoffman, 2000). These
might be impacted by strengthening patient-HCP
relationships so that providers can stress the importance
of taking ART on time and can recommend strategies to
remind patients to take their medication. Other studies
have shown that patients and providers both feel that
the patient’s responsibility and autonomy (self-efficacy)
over their own healthcare is an important factor in
ART adherence (Baranoski et al., 2014). Therefore, the
question of how to reinforce the patient-HCP should
be the key factor to achieving optimal ART adherence
(Baranoski et al., 2014).

In our analysis, negative feedback has shown that
PLWHA who have lower CD4 counts will need to
strengthen their patient-HCP interaction. This might
be because PLWHA who present with high CD4 counts
already have good adherence and high self-efficacy, with
fewer medication-taking difficulties, and are therefore
less dependent on their HCP. One study reported a simi-
lar result, showing that good patient-HCP relationships
led to better QOL, less severe and burdensome symptom
experience, higher CD4 counts, and better ART adher-
ence (Clucas et al., 2011).

Behavioral researchers can devise strategies to plan
interventions that will enhance ART adherence. Our
study suggests that a culturally sensitive, individually tai-
lored self-management intervention with cognitive
behavioral component can be an effective method to
enhance patient-HCP relationships. Self-management
intervention usually includes positive coping skills, relax-
ation, problem-solving, psycho-education and mental
distress management, and cognitive–behavioral

management skills (Grey, Knafl, & McCorkle, 2006).
With family support, PLWHA can achieve higher adher-
ence when family members remind them to take their
pills on time, every day.

There are a number of important implications from
this analysis. First, medication self-efficacy mediates
the patient-HCP relationship and medication-taking dif-
ficulties. Also, medication-taking difficulties are consist-
ent with mediation by medication self-efficacy and
adherence. Second, decreasing medication-taking diffi-
culties can enhance ART adherence and elevate CD4
count later on. A self-management intervention
increases PLWHA’s self-efficacy through a combination
of improved self-management skills and ART adherence.
The intervention should include helping patients gain
HIV-related knowledge and communicating efficiently
with their HCP, friends and family. With these basic
skills, PLWHA can improve their ability to reduce psy-
chosocial barriers, such as fear of speaking up to provi-
ders, potential disclosure their serostatus and decrease
self-stigma (Tsuyuki & Surratt, 2015).

Finally, patient-HCP relationships, medication self-
efficacy and medication-taking barriers are key factors
to achieving good ART adherence. Intervention focused
on adherence and decrease in medication-taking difficul-
ties should be considered. This paper has shown that
PLWHA can have better self-efficacy to take care of
themselves with guided practice, modeling and feedback
provided from their HCP. Therefore, a self-management
intervention can be delivered with the goal of improved
QOL, and health outcomes.

Limitation

There are several limitations in this study. First, this is a
cross-sectional study. Therefore, any associations
among variables should not be taken to imply causality.
Future longitudinal studies should be conducted to
further causally test these relationships. Second, we
recruited study participants from two major East
Asian metropolitans with distinct healthcare systems.
PLWHA in other locations might not share the same
experiences and the findings might not be generalizable
to all culturally Chinese PLWHA. Third, our partici-
pants were referred by clinicians and those who were
dissatisfied with their HCP might choose not to partici-
pate. Fourth, our selection of measurement was limited
by the available data. The measurements for adherence,
for instance, may not be sufficiently sensitive because of
their varied timeframes but were available in both data-
sets. Fifth, although this study harmonized two datasets
to increase the sample size, the additional Monte Carlo
studies revealed that this sample size did not have
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sufficient power for two parameters in our proposed
model. Our sample size also prevented us from includ-
ing additional latent variables to further handle poten-
tial measurement errors. Last, in this model, we focus
on the physical variables; therefore, many possible men-
tal health variables were not discussed. For example,
depressive symptoms and perceived stigma might be
also play important role on ART adherence.

Conclusion

In this paper, we examined the association among
patient-HCP relationships, medication self-efficacy,
medication-taking difficulties, ART adherence, and
CD4 counts in PLWHA. The analysis is consistent
with our model that medication self-efficacy and medi-
cation-taking difficulties mediators of patients’ ability
to achieve maximum adherence, and to maintain high
CD4 counts over time. Future interventions should be
designed to enhance self-management and provide bet-
ter patient-HCP communication. This improved com-
munication will enhance medication self-efficacy and
decrease medication-taking difficulties. This will
improve medication adherence and immune function
among PLWHA.
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