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Abstract

Aims and objectives: To explore the role of health beliefs in affecting patients’ chronic
diabetic complication (CDC) screening.

Background: Patients’ adherence to the guideline-recommended CDC screening was
far from optimal. While many demographic and clinical characteristics were docu-
mented to influence patients’ adherence, psychological profiles, such as health be-
liefs, were not well studied before. It is crucial to understand how health beliefs affect
patients’ CDC screening behaviour and thus to provide implications for future inter-
vention programmes.

Design: A cross-sectional study was conducted.

Methods: 785 type 2 diabetes were enrolled from the community health centre in
Wouhou District, Chengdu, China. Structured questionnaires were used to collect data
regarding the demographic and clinical information, knowledge about CDC, health
belief model constructs and CDC screening behaviour. Mediation analysis was per-
formed to explore the mechanisms of health belief model constructs on CDC screen-
ing behaviour. The study methods were compliant with the STROBE checklist.
Results: Knowledge had a significant indirect effect on CDC screening behaviour
through perceived susceptibility, perceived benefits, perceived barriers and self-
efficiency. Cues to action exerted both significant direct and indirect effects on CDC
screening behaviour. The indirect effects of cues to action were exerted through per-
ceived susceptibility, perceived barriers and self-efficiency.

Conclusion: Health beliefs played vital roles in mediating the effects of knowledge and
cues to action on patients’ CDC screening behaviour. Health beliefs should be assessed
and modified through creative educational methods. Strategies aimed at increasing
cues to action are also expected to facilitate patients’ CDC screening behaviour.
Relevance to clinical practices: The study contributes to the exploration of how
health beliefs affect patients’ CDC screening behaviour. The results could be used to

inspire future community-based intervention programmes.
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1 | INTRODUCTION

Diabetes is a public health concern across the world given its high and
increasing prevalence (Cho et al., 2018; Federation, 2017). Patients with
diabetes will confront higher risk of death and disability if they devel-
oped chronic diabetic complications (CDC), namely cardiovascular dis-
ease, diabetic retinopathy (DR), diabetic nephropathy (DN) and diabetic
foot (DF), which were usually asymptomatic at their early stages (Klein,
2007; Nakamura et al., 2017; Tsai et al., 2018; Zhang et al., 2017). Thus,
annually or biennially CDC screening has been recommended globally
and proved to be a cost-effective way to reduce the morbidity and mor-
tality of diabetes (Ang et al., 2017; Farmer et al., 2014; Wong et al.,
2018). However, the low compliance rate of CDC screening remains
a challenge for diabetes management in clinical practice. Patients with
diabetes usually did not participate in CDC screening as recommended.
According to the published literatures, the participation rate of annu-
ally or biennially DR screening was 52.9-82.8% in developed countries
such as the USA (An et al., 2018), the UK (Scanlon, 2017) and Australia
(Foreman et al., 2018), whereas less than 50% of diabetic patients in
developing countries have underwent DR screening after diabetes di-
agnosis (Byun et al., 2013; Rani et al., 2007). The participation rate of
DN screening and DF screening was even lower, varied from 6.5%-
40.5% (Byun et al., 2013; Webb et al., 2015). In China, the largest de-
veloping country in the world, the compliance rate of CDC screening
was also unsatisfactory. Existing evidences revealed that the highest
participation rate (75%) of DN screening was documented in an urban
community health centre in Beijing, the capital city of China (Zhao et al.,
2015), while the figure in rural areas in Guangzhou was as low as 33.3%
(Wang et al., 2010). And the screening rate of other chronic diabetic
complications has rarely surpassed 50% (Liu et al., 2010; Luo & Huang,
2019; Wang et al., 2010). Thus, to develop effective intervention meas-
ures for diabetic patients, it is of great importance to understand the
factors that predict better CDC screening compliance.

2 | BACKGROUND

Known evidences were that patients’ compliance with CDC screen-
ing was positively associated with demographic profiles such as
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What does this paper contribute to wider global clinical community?

e The paper argues the vital role of health beliefs in affecting patients’ chronic diabetic compli-

e The study strongly recommends the inclusion of cues to action when applying the health

o Future educational programmes could benefit from a creative educational strategy that aims
at strengthening patients’ health beliefs.

older age (Kreft et al., 2018), favourable economic conditions (An
et al., 2018) and higher education level (Byun et al., 2013). Clinical
variables including longer diabetes duration (Byun et al., 2013),
severe disease condition (Kreft et al., 2018), well-controlled blood
glucose (An et al., 2018) and better knowledge/awareness of dia-
betic complications (Kashim et al., 2018; Lake et al., 2017) were also
documented to promote patients’ participation in CDC screening.
Nevertheless, most of these documented factors were unmodifiable
or hardly modifiable when applied to intervention programmes.

It is well acknowledged that people's attitudes or beliefs to-
wards a disease or a health behaviour, which was highly modifiable,
would influence the extent to which will they adopt the health be-
haviour (Cummings et al., 1978). The health belief model (HBM), a
well-established and widely used psychological theory, explained
how health beliefs influenced peoples’ health behaviours and why
some people adopted certain health behaviour, while others failed
(Janz & Becker, 1984). The model posits that people's health be-
haviour was determined by five health belief constructs (perceived
susceptibility to a disease, perceived severity of a disease, per-
ceived benefits of a health behaviour, perceived barriers to adopt
the behaviour, self-efficiency) and cues to action that may trig-
ger the health behaviour (Janz, & Becker, 1984; Rosenstock et al.,
1988). In addition, amendatory factors including demographic
profiles, knowledge and previous experience of a disease may also
influence patients’ health behaviours through their health beliefs
(Rosenstock et al., 1988). Considerable evidences have proved the
effectiveness of the HBM in predicting people's preventive health
behaviours such as cancer screening (Annan et al., 2019), vaccina-
tion intaking (Cheung & Mak, 2016) and health lifestyle adoption
(Chen et al., 2013). Scholars have also implemented the HBM in
explaining self-care behaviour (Dehghani-Tafti et al., 2015; Vazini
& Barati, 2014), self-monitoring of blood glucose (Gucciardi et al.,
2013) and the CDC screening behaviour among diabetic patients
(Hsieh et al., 2016; Sheppler et al., 2014). However, studies are
still needed to better illustrate the usefulness of the model. One
fact should be noted was that some of the constructs, especially
cues to action and self-efficiency, which has been proved to influ-
ence health behaviour tremendously, were not always included in
published studies (Jones et al., 2014; Poss, 2001). In most cases,
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the model was only partially or additively applied. In addition, the
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majority of these studies have only tested the direct effects of the
model constructs on health behaviour, while the indirect relation-
ships among these variables were not delineated. There is need to
figure out the mechanisms through which health belief constructs
affect patients’ health behaviour with the comprehensive use of
the HBM.

Therefore, this study was designed to apply the overall HBM to
explain CDC screening behaviour in type 2 diabetes and to clarify

the direct and indirect relationships among the HBM constructs.

3 | METHODS

3.1 | Study design and sample selection

This cross-sectional study was conducted in the community health
centre in Wuhou District, Chengdu, China, from May-November 2019.
Registered type 2 diabetes who settled a health record and received
diabetes management in the study centre were recruited and inter-
viewed using a convenience sampling method. When eligible patients
attended to the study centre for daily care, they were recruited by the
researchers after a brief introduction of the study. In detail, patients
met the following inclusion criteria were included: documented diag-
nosis of type 2 diabetes; aged over 35; residents lived in the commu-
nity for more than 6 months; received diabetes management in the
community health centre; and voluntary participation in the study.
Mentally incapable patients were excluded as they were unable to give
consent and fulfil the survey. The strengthening the reporting of obser-
vational studies in epidemiology (STROBE) guidelines were followed in
the elaboration of the study (supplementary file 2).

The sample size was calculated based on the proportion of
patients who received diabetic peripheral nerve disease (DPN)
screening in China, which was documented to be lower than dia-
betic retinopathy (DR) and diabetic nephropathy (DN) screening ac-
cording to the published literatures (Liu et al., 2010; Luo et al., 2019;
Wang et al., 2010; Zhao et al., 2015). Assuming 32% of the partici-
pants have undertook DPN screening (Liu et al., 2010), 638 patients
would be recruited with a sampling error of 0.2. The final sample

size should be 766 patients to allow a no-response rate of 20%.

3.2 | Questionnaires

Since there was no existing questionnaire fit the measurement
requirements of this study, researchers developed the survey
instrument by drawing inspiration from existing HBM question-
naires that have been successfully used in breast cancer screening
(Champion, 1984), diabetes regimen management (Becker & Janz,
1985) and influenza vaccine intake (Santos et al., 2017). Studies
focused on exploring the influencing factors of CDC screening
have also inspired the questionnaire preparation (Kashim et al.,
2018; Liu Y. & Swearingen, 2017). To confirm the content validity,

the questionnaires were reviewed by a group of experts, which
engaged 2 endocrinologists, 3 diabetes nursing specialist, 1 gen-
eral practitioner and 2 researchers with expertise of questionnaire
development. All experts had more than ten years of working ex-
perience and obtained at least a deputy senior title in the field of
diabetes care. They reviewed each question and responses listed
in the questionnaire, judged the necessity and appropriateness
of each item from irrelevant/weak relevant, relevant to strongly
relevant. Then, the content validity index (CVI) was calculated ac-
cording to the experts’ responses (Lynn, 1986). The internal con-
sistency of the questionnaires (Cronbach's a coefficient or KR 20
coefficient) was calculated using the data of 30 patients, which
were collected in the pilot study before the formal investigation.
All scales were reliable with a CVI above 0.9 and an internal con-

sistency coefficient above 0.7.

3.2.1 | Demographic and clinical information
Demographic variables were as follows: gender, age, nationality,
marital status, way of living, education levels, occupation status,
household monthly income per capita, health insurance status,
smoking and alcohol drinking. Clinical variables were as follows:
family history of diabetes, duration of diabetes, diabetes therapy,
current fast blood glucose level, the latest HbA1c level, presence of
diabetes-related comorbidities/complications (hypertension, hyper-
lipidaemia, cardiovascular disease, cerebrovascular disease, diabetic
nephropathy, diabetic retinopathy, lower extremity vascular disease
and peripheral neuropathy).

3.2.2 | Knowledge about CDC

A 15-item scale was designed to access patients’ knowledge about
CDC. These items involved statements describing the common
chronic complications of diabetes, basic characteristics of these
complications and the useful measures to prevent them. Patients
were required to response ‘yes’/ ‘no or uncertain’ to each statement.
A sample question was ‘Diabetic patients have higher possibilities
to get hypertension than non-diabetes’. One point was given to a
correct response, whereas zero point was given to an incorrect re-
sponse. Total score (0-15) of the 15 items was calculated to reflect
patients’ overall knowledge. Higher scores indicate better knowl-
edge. The content validity index of the scale was 0.96 through the
expert consultation. The internal consistency of the scale was reli-
able with a KR-20 value of 0.90. The full version of the scale is avail-
able online in supplement materials.

3.2.3 | The HBM Scales for CDC Screening

This was a 25-item Likert five-point scale with six sub-scales to reflect
the main constructs of the HBM. In detail, perceived susceptibility
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contained 3 items to rate patients’ self-evaluated chances of get-
ting chronic diabetic complications (e.g. | am susceptible to chronic
diabetic complications for my diabetes was not well-controlled).
Perceived severity included 7 items that measured patients’ percep-
tion of the detrimental effects of chronic diabetic complications on
their well-being (e.g. My vision would be impaired and even deprived
if | get diabetic retinopathy). Perceived benefit was determined by a
single item described as ‘regular screening would help me figure out
chronic diabetic complications in their early stages’. Perceived bar-
riers used 8 items to measure patients’ perception of the possible
obstacles they may encounter in complication screening (e.g. The ex-
penses of diabetic complication screening are expensive, | can't get
myself screened as recommended). Two items measured patients’
confidence in their own ability to obtain chronic complication screen-
ing, namely self-efficiency (e.g. | can seek for complication screening
regularly according to the doctors’ advice). Cues to action (4 items)
were factors that may stimulate patients’ undertaking of complication
screening (e.g. | have been recommended to undertake chronic dia-
betic complication screening by health workers). Patients responded
to each item from strongly disagree (1 point)-strongly agree (5 points).
Each construct was indicated by the mean score of items in each sub-
scale. The content validity index of the sub-scales ranges from 0.9-
1.0. Cronbach's a values of the sub-scales range from 0.73-0.91. The
full version of the scale is available online in supplement materials.

3.24 | CDC Screening Behavior Scale

Patients were asked to rate how frequent had they participated in the
following guideline-recommended clinical tests that related to CDC
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screening: (1) serum lipids test, ECG test and HbA1c test, which were
related to cardiovascular risk assessment; (2) diabetic nephropathy
(DN) screening through UACR or eGFR test; (3) diabetic retinopathy
(DR) screening through fundus examination; (4) diabetic peripheral
neuropathy (DPN) screening through simple clinical examinations (the
ankle reflex, pinprick sensation, temperature sensation, vibration per-
ception and pressure sensation) or nerve conduction study; and (5)
lower extremity atherosclerotic disease (LEAD) screening through ABI
and/or TBI test. The responses to these questions and the scoring cri-
teria were as follows: never have screened or uncertain (1 point), only
screened once after diabetes diagnosis (2 points), once every two years
or longer (3 points), and annually or more frequent (4 points). Mean
score of these 8 items represented patients’ complication screening
behaviour, which higher scores mean better screening practice. The
scale was reliable with a content validity index of 0.97 and Cronbach's

o value of 0.87.

3.3 | Statistical analysis

Data analysis was conducted in SPSS version 20.0. Descriptive
statistics were performed to present the characteristics of the
participants. Pearson's correlation analysis was performed pri-
marily to explore the relationship between the dependent variable
and the study variables. Using the PROCESS macro developed by
Hayes (Montoya & Hayes, 2017; Preacher & Hayes, 2008), we ana-
lysed a parallel multiple mediator model based on the theoretical
hypothesis of the HBM. The theoretical framework is presented
in Figure 1, and the casual effect of the independent variable
X (Knowledge about chronic diabetic complications or cues to

(a) Direct and indirect effects of knowledge or cues to action on chronic
complication screening behavior

Knowledge or
cues to action (X)

Perceived susceptibility (M) By

aj
- - bz
Perceived severity (Mz)
az
¢ Chronic complication
"| screening behavior (Y)
a3 bs
Perceived benefits (M3)
a4 bs
as perceived barriers (M) bs
Self-efficiency (Ms)

(b) Total effect of knowledge or cues to action on chronic complication screening

behavior

FIGURE 1 Conceptual diagram of the

to action (X)

Knowledge or cues

c | Chronic complication
| screening behavior (Y)

proposed parallel multiple mediator model
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action) can be apportioned into its direct effect on the dependent
variable Y (CDC screening behaviour) and the indirect effects on
Y through five mediators: M, (perceived susceptibility), M, (per-
ceived severity), M, (perceived benefits), M, (perceived barriers)
and M, (self-efficiency). Figure 1a showed the direct effect of X on
Y (c’) and the indirect effects of X on Y through the five mediators.
In Figure 1a, al represented the effect of X on M,, b, represented
the effect of M, on Y, the specific indirect effect of X on Y through
M, was estimated as a;b,, and so on. The total indirect effect was
the sum of the five specific indirect effects. Figure 1b showed the
total effect of X on Y (c). The total effect was the sum of the direct
effect and the indirect effects through mediators, which could be
calculated using the formula c= c’+ a;b, + a,b, +azb; +a,b, + asb..
The inference for the direct and indirect effects and the contrast
of each specific indirect effect were proceeded by relying on the
estimates of the bootstrap standard errors for hypothesis test-
ing or the bootstrap confidence interval construction in PROCESS
macro. This study employed Model 4 in Hayes’ PROCESS macro
to generate the bias-corrected bootstrap 95% Cl when proceed-
ing with the inference for each effect, with 5000 bootstrapping
samples. If the bootstrap 95% Cl for an effect did not cross zero,
it was considered statistically significant. Meanwhile, patients’
demographic and clinical characteristics were included as control
variables in the model.

3.4 | Ethical consideration

The study was pre-registered (ChiCTR 1900023577). Ethical ap-
proval for the study was granted by the Clinical Trial and Biomedical
Ethics Committee of West China Hospital of Sichuan University (No.
2019-234). All participants were informed that the completion of
the study was voluntary and implied consent. They were also well
informed about their right to not participate/ withdraw from the
study. Patients’ anonymity was maintained during the whole study
period.

4 | RESULTS

4.1 | Characteristics of the participants

This study enrolled 785 patients totally (male/female, 375/410; Han
nationality/minority nationality, 779/6; with spouse/without spouse,
712/73). Participants’ mean age was 68.76+10.85, more than 80% of
them aged over 60 and have retired. Over 60% of participants had
completed senior high school or more education. Regarding their
clinical characteristics, more than seventy per cent of participants
had five years or longer diabetes duration, while diabetes family his-
tory was reported in one-fifth of participants. The vast majority of
participants (73%) were treated with oral hypoglycaemic therapy,
and nearly 60% of participants reported well-controlled fast glucose

or HbA1c. More than four-fifth of participants declared diabetes-
related comorbidities or complications. Detailed information is pre-
sented in Table 1.

4.2 | Correlations analysis of the study variables

As shown in Table 2, the dependent variable (CDC screening be-
haviour) was significantly (p < .01) correlated with the independent
variables (knowledge and cues to action), and all mediating variables
(perceived susceptibility, perceived severity, perceived benefits,
perceived barriers, self-efficiency) were significantly (p < .01) cor-

related with the dependent and independent variables.

4.3 | Mediation analysis

Figure 2 showed the relationship between knowledge, the five
mediators and CDC screening behaviour, and Table 3 presented
the total, direct and indirect effects of knowledge on CDC screen-
ing behaviour and the associated 95% bootstrap confidence
interval. The analysis yielded a significant total effect (effect
size =0.251, 95% Boot Cl = 0.188-0.316) and indirect effect (effect
size = 0.267, 95% Boot Cl = 0.211-0.326). The indirect effect of
knowledge on CDC screening behaviour was significantly exerted
through perceived susceptibility (effect size = 0.100, 95% Boot
Cl=0.073-0.132), perceived benefits (effect size = 0.033, 95% Boot
Cl = 0.006-0.062), perceived barriers (effect size = 0.085, 95%
Boot Cl = 0.058-0.116) and self-efficiency (effect size = 0.020,
95% Boot CI=0.004-0.039). The contrast of each specific indirect
effect showed that the specific indirect effect of perceived sus-
ceptibility and perceived barriers was significantly higher than that
of perceived benefits (Contrast 2 = 0.066,95% Boot Cl = 0.024-
0.111, Contrast 8 = -0.052, 95% Boot Cl = -0.095--0.011) and
self-efficiency (Contrast 4 = 0.079,95% Boot Cl = 0.046-0.116,
Contrast 10 = 0.065, 95% Boot CI=0.030-0.102), while the spe-
cific indirect effect of perceived susceptibility and perceived barri-
ers showed no significant difference (Contrast 3 = 0.015,95% Boot
Cl =-0.025-0.056).

Figure 3 showed the relationship between cues to action,
the five mediators and CDC screening behaviour, and Table 4
presented the total, direct and indirect effects of cues to action
on CDC screening behaviour and the associated 95% bootstrap
confidence interval. Cues to action was found to have a signif-
icant total (effect size = 0.368, 95% Boot Cl = 0.300-0.435),
direct (effect size = 0.113, 95% Boot Cl = 0.045-0.184) and in-
direct effect (effect size = 0.255, 95% Boot Cl = 0.207-0.306)
on CDC screening behaviour. The specific indirect effect
through perceived susceptibility (effect size = 0.092, 95% Boot
Cl = 0.061-0.124), perceived barriers (effect size = 0.101, 95%
Boot Cl = 0.070-0.136) and self-efficiency (effect size = 0.025,
95% Boot Cl = 0.005-0.048) were significant. When contracting
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TABLE 1 Demographic and clinical characteristics of the participants (n = 785)

Variables n (%)
Gender
Male 375 (47.77)
Female 410 (52.23)
Nationality
Han nationality 779 (99.2)
Minority nationality 6(0.8)
Age
<59 153 (19.49)
60-79 500 (63.69)
>80 132 (16.82)
Education level
Middle school education or less 313(39.88)
Senior high school education 231(29.42)
Diploma education 131 (16.69)
Bachelor degree or above 110 (14.01)
Insurance status
Basic medical insurance (BMI) 33 (4.20)
BMl+special outpatient subsidy for diabetes 369 (47.01)
(SOSD)
BMI+SOSD+supplementary Medical insurance 364 (46.37)
Free medical care 19 (2.42)
Diabetes family history
Yes 165 (21.02)
No 606 (77.20)
Not sure 14 (1.78)
Current fast glucose level
<6.99 mmol/L 470 (59.87)
>7.0 mmol/L 315 (40.13)
Diabetes therapy
Lifestyle adjustment 12 (1.53)
Oral hypoglycaemic therapy 576 (73.37)
Injection of insulin 24 (3.06)
Oral hypoglycaemic therapy+Injection of insulin 173 (22.04)

Variables n (%)

Marital status

With spouse 712 (90.70)
Without spouse 73(9.30)
Occupation status

Not retired 132(16.82)
Retired 653 (83.18)
Way of living

Live alone 29 (3.69)
Live with non-spouse 61(7.77)
Live with spouse and non-spouse 260 (33.12)
Live with spouse only 435 (55.42)
Household monthly income per capita

<1800 RMB 58 (7.38)
1801-2800 RMB 220 (28.03)
2801-5000 RMB 375 (47.77)
>5000 RMB 132 (16.82)
Smoking

Yes 110 (14.01)
No 675 (85.99)
Alcohol drinking 86 (10.96)
Yes

No 699 (89.04)
Duration of diabetes

<5 years 226(28.79)
5-10 years 331 (42.17)
>10 years 228 (29.04)
The latest HbAlc level

<6.99% 452 (57.58)
>7.0% 252 (32.10)
Not clear 81 (10.32)

Presence of diabetes-related Comorbidities/ complications

None 103 (13.13)
Hypertension or/and hyperlipidaemia 198 (25.22)
Other chronic complications' 49 (6.24)

Hypertension or/and hyperlipidaemia +other 435 (55.41)

chronic complications

tOther chronic complications: cardiovascular disease, cerebrovascular disease, diabetic nephropathy, diabetic retinopathy, lower extremity vascular

disease and peripheral neuropathy.

each specific indirect effect, perceived susceptibility and per-
ceived barriers again showed significantly higher effect size than
self-efficiency (Contrast 4 = 0.067,95% Boot Cl = 0.029-0.105,
Contrast 10 = 0.076, 95% Boot Cl = 0.037--0.118). Meanwhile, the
specific indirect effect of perceived susceptibility and perceived
barriers did not have significant difference (Contrast 3 = -0.009,
95% Boot Cl = -0.053-0.036).

5 | DISCUSSION

Guided by the HBM, this study tested health beliefs as mediators
of the relationship between knowledge/cues to action and CDC
screening behaviour among patients with type 2 diabetes, which
was rarely studied before. Findings from this study supported the
theoretical hypothesis of the HBM, that is the model conceptualised
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TABLE 2 Correlations between the study variables (n = 785)
1 2 8 4 5 6 7 8
1. Chronic complication 1
screening behaviour
2. Knowledge 0.411** 1
3. Perceived susceptibility 0.520** 0.480** 1
4. Perceived severity 0.447** 0.676** 0.536** 1
5. Perceived benefits 0.494** 0.475** 0.496** 0.601** 1
7. Perceived barriers -0.498** -0.366** -0.227** -0.394** -0.463** 1
8. Self-efficiency 0.454** 0.349** 0.293** 0.426** 0.498** -0.560** 1
9. Cues to action 0.506** 0.464** 0.515** 0.480** 0.493** -0.420** 0.370** 1

**p <.01

Perceived susceptibility

0.623%** 0.047

Perceived severity

Q¥ k¥

FIGURE 2 The parallel multiple
mediator model of the relationship
between knowledge and chronic
complication screening behaviour.
*p < .05; **p < .01; ***p < .001

-0.017

Knowledge

Chronic complication

screening behavior

Perceived benefits

Perceived barriers

Self-efficiency

health belief constructs mediated the effects of knowledge and cues
to action on CDC screening behaviour.

Numerous studies have identified knowledge as a significant pre-
dictor of patients’ preventive health behaviour (Liu Y. & Swearingen,
2017; Srinivasan et al., 2017; Sun et al., 2006). However, non-
significant association between knowledge and health behaviour
has also been reported in some studies (Adejoh, 2014; Almadi &
Alghamdi, 2019) and cast doubt on the effectiveness of knowledge
in producing health behaviour change. This study found that knowl-
edge completely exerted its effect on patients’ CDC screening be-
haviour through their health beliefs (total indirect effects = 0.267,
Boot 95% ClI did not cross zero), especially through their perceived
susceptibility (specific indirect effect = 0.100), perceived benefits
(specific indirect effect = 0.033), perceived barriers (specific indirect
effect = 0.085) and self-efficiency (specific indirect effect = 0.020).
Similar to our results, Annan et al also reported that knowledge sig-
nificantly exerted its effect on patients’ cervical cancer screening
practice through perceived severity indirectly (Annan et al., 2019).
These results implied that disease-related knowledge is a neces-
sary but not sufficient factor to motivate patients’ health behaviour.
Only when enhanced knowledge has transformed into strong health
beliefs will they adopt the health behaviour. Future researchers

are recommended to assess and modify patients’ health beliefs
as knowledge itself could not stimulate CDC screening behaviour
solely.

Previously, perceived susceptibility, perceived barriers, per-
ceived benefits and self-efficiency were commonly cited as sig-
nificant predictors of patients’ health behaviour, while perceived
severity was not in many cases (Carpenter, 2010; Nancy K. Janz &
Marshall H. Becker, 1984). Contrasts of each specific indirect effect
in this study also yielded similar results. All health belief constructs,
except perceived severity, significantly mediated the effect of
knowledge on CDC screening behaviour. And the mediation effects
of perceived susceptibility and perceived barriers were significantly
greater than the other health belief constructs. This result may result
from the fact that traditional health education programmes have al-
ready informed our patients about the severe adverse outcomes of
CDC and the benefits of regular screening through repeated empha-
sis, but such programmes seem to be inefficient to arouse patients’
perceived susceptibility of CDC as they usually feel asymptomatic
before irreversible organ dysfunction, or eliminate their perceived
barriers to adopt CDC screening. Creative health educational strat-
egies are necessary to address this problem. For instance, peer edu-
cation dominated by patients who have already suffered from CDC
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TABLE 3 Direct effect and indirect effects of knowledge on chronic complication screening behaviour

Effect size
Total effect 0.251
Direct effect -0.017
Total indirect effect 0.267
Indirect effect through perceived susceptibility 0.100
Indirect effect through perceived severity 0.029
Indirect effect through perceived benefits 0.033
Indirect effect through perceived barriers 0.085
Indirect effect through self-efficiency 0.020
Contrast 1: perceived susceptibility-perceived severity 0.070
Contrast 2: perceived susceptibility-perceived benefits 0.066
Contrast 3: perceived susceptibility-perceived barriers 0.015
Contrast 4: perceived susceptibility-self-efficiency 0.079
Contrast 5: perceived severity-perceived benefits -0.004
Contrast 6: perceived severity-perceived barriers -0.056
Contrast 7: perceived severity-self-efficiency 0.009
Contrast 8: perceived benefits-perceived barriers -0.052
Contrast 9: perceived benefits-self-efficiency 0.013
Contrast 10: perceived barriers-self-efficiency 0.065

Bootstrap 95% CI
Boot SE BootLLCI BootULCI % of total effect
0.033 0.188 0.316 -
0.033 -0.083 0.048 -6.70%
0.029 0.211 0.326 106.70%
0.015 0.073 0.132 39.73%
0.024 -0.020 0.077 11.68%
0.014 0.006 0.062 13.24%
0.015 0.058 0.116 33.91%
0.009 0.004 0.039 8.14%
0.031 0.014 0.132
0.022 0.024 0.111
0.021 -0.025 0.056
0.018 0.046 0.116
0.032 -0.068 0.059
0.028 -0.112 -0.002
0.027 -0.045 0.059
0.021 -0.095 -0.011
0.018 -0.023 0.047
0.018 0.030 0.102

Note: Control variables included all demographic and clinical variables. Nationality, occupation status, duration of diabetes, the latest HbA1c level,
presence of diabetes-related comorbidities or complications were found to be significant covariates.

Abbreviation: Cl, confidence interval.

FIGURE 3 The parallel multiple
mediator model of the relationship

Perceived susceptibility

Hk ok
between cues to action and chronic 0.3932%% &
complication screening behaviour. : -
*p <.05; **p < .01; ***p < .001 oL Perceived severity e »
e 0.113%* Chronic complication
ues toaction Screening behavior
Perceived benefits
Perceived barriers
Self-efficiency

due to the neglect of regular screening could be employed to edu-
cate the newly diagnosed patients to arouse their alertness. Mass
media education integrated with telehealth services may also be a
promising way to help patients intuitively understand the progress
of CDC and detailed information about CDC screening.

This study also tested the mechanism through which cues to
action affects CDC screening behaviour. Apart from the signifi-
cant direct effect (direct effect = 0.113), our analysis showed that
cues to action had significant indirect effects on CDC screening
behaviour through health beliefs (total indirect effect = 0.255).

Cues to action is the most underdeveloped and rarely measured
constructs of the HBM, and many reviewers even failed to pro-
vide an overview of its effectiveness due to the lack of studies
that included it (Carpenter, 2010; Janz & Becker, 1984). Limited
evidences have proved the effectiveness of cues to action in pre-
dicting patients’ health behaviour such as breast self-examination
(Dewi et al., 2019), antihypertensive medication adherence (Yue
et al., 2015) and diabetes self-management (Cerkoney, & Hart,
1980). But, information on how cues to action affected patients’
health behaviours are lacked. Only one study in the fields of
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TABLE 4 Direct effect and indirect effects of cues to action on chronic complication screening behaviour

Effect size

Total effect 0.368
Direct effect 0.113
Total indirect effect 0.255
Indirect effect through perceived susceptibility 0.092
Indirect effect through perceived severity 0.010
Indirect effect through perceived benefits 0.028
Indirect effect through perceived barriers 0.101
Indirect effect through self-efficiency 0.025
Contrast 1: perceived susceptibility-perceived 0.081

severity
Contrast 2: perceived susceptibility-perceived 0.063

benefits
Contrast 3: perceived susceptibility-perceived -0.009

barriers
Contrast 4: perceived susceptibility-self-efficiency 0.067
Contrast 5: perceived severity-perceived benefits -0.018
Contrast 6: perceived severity-perceived barriers -0.091
Contrast 7: perceived severity-self-efficiency -0.014
Contrast 8: perceived benefits-perceived barriers -0.073
Contrast 9: perceived benefits-self-efficiency 0.004
Contrast 10: perceived barriers-self-efficiency 0.076

Bootstrap 95% Cl
Boot SE BootLLCI BootULCI % of total effect
0.035 0.300 0.435 -
0.035 0.045 0.184 30.63%
0.025 0.207 0.306 69.37%
0.016 0.061 0.124 24.87%
0.014 -0.018 0.038 2.77%
0.015 -0.001 0.057 7.64%
0.017 0.070 0.136 27.43%
0.011 0.005 0.048 6.66%
0.023 0.037 0.129
0.024 0.019 0.111
0.022 -0.053 0.036
0.020 0.029 0.105
0.024 -0.064 0.027
0.022 -0.135 -0.049
0.019 -0.052 0.020
0.024 -0.121 -0.028
0.020 -0.036 0.042
0.021 0.037 0.118

Note: Control variables included all demographic and clinical variables. Nationality, occupation status, duration of diabetes, the latest HbA1c level,
presence of diabetes-related comorbidities or complications were found to be significant covariates.

Abbreviation: Cl, confidence interval.

tuberculosis treatment has explored the indirect effects of cues
to action on patients’ treatment adherence (Tola et al., 2017). The
authors combined the original health belief constructs (perceived
susceptibility and perceived severity were summed up as per-
ceived threat, perceived barriers minus perceived benefits were
also calculated to substitute the original constructs) to perform
further analysis. They reported that cues to action had a signifi-
cant indirect effect on patients’ tuberculosis treatment adherence
through perceived barriers-benefits, while no significant indirect
effect was found through perceived susceptibility +severity or
self-efficiency. Different from this study, we used the original con-
structs for data analysis and clarified both the direct and indirect
effects of cues to action on patients’ CDC screening behaviour.
Although discrepancies existed, our results, together with the
study mentioned above, suggested the necessity of including cues
to action in future studies given it has been found to significantly
influence health behaviour in multiple pathways. When design
intervention programmes, strategies tailed to place more cues to
action will trigger health behaviour change directly or indirectly
through modifying patients’ health beliefs. Anyway, the observed
mechanisms of cues to action on CDC screening behaviour need
to be studied in depth.

Regarding the contrasts of the specific indirect effects,
perceived susceptibility and perceived barriers again showed
significantly greater effect size. However, the specific indi-
rect effect of cues to action through perceived benefits was
not significant. This was a little different from that of knowl-
edge. The results suggested that knowledge could optimise pa-
tients’ CDC screening behaviour by increasing their perceived
benefits, while cues to action could not. Future studies are re-
quired to figure out the underlying reasons for this discrepancy.
Nevertheless, our findings, coupled with some previous studies
(Hsieh et al., 2016; Sheppler et al., 2014), all tend to demon-
strate that perceived barriers and perceived susceptibility may
be the most effective factors that can influence patients’ CDC
screening behaviour both directly and indirectly. Intervention
programmes tailed to eliminate patients’ perceived barriers and
strengthen their perceived susceptibility are expected to gain
success. Despite peer education and mass media education we
have elaborated above, some other strategies could also be
considered. First, future CDC screening programmes should be
better integrated with the routine diabetes management ser-
vice to decrease patients’ extra time cost and thus to facilitate

their engagement. Second, reminder system and family member
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involvement in diabetes management, which were useful ways
to increase cues to action, could be used to avoid unintended
absence of scheduled screening. Lastly, since some of patients’
perceived barriers, such as the expensive finical cost, are be-
yond the capacity of primary healthcare providers to resolve, it
is ideal that the expense of CDC screening could be covered by
the special outpatient medical subsidy for diabetes on a medical
insurance policy level.

This study has several limitations. One limitation was the cross-
sectional design, which only provides a glimpse of the participants
at a specific point of time. Another limitation was that the study was
conducted in an economically developed urban community, and
this may restrict the generalisability of the results. The study also
has some strengths. Compared to many previous studies that only
included some of the HBM constructs, this study measured all the
model conceptualised constructs and tested the model proposed
relationships between these constructs. Findings from this study
may contribute to a deeper understanding of the HBM and conse-
quently provide some practical inspirations for future researchers
and healthcare providers. Additionally, the data analysis method em-
ployed in this study, the parallel multiple mediator model, has tried
the best to respect the complex casual process of the study variables
in the real world, so the results were close to the reality to a great
extent.

6 | CONCLUSION

In conclusion, this study found that knowledge only indirectly af-
fected patients’ CDC screening behaviour through perceived sus-
ceptibility, perceived benefits, perceived barriers and self-efficiency.
Cues to action affected patients’ CDC screening behaviour both
directly and indirectly through perceived susceptibility, perceived
barriers and self-efficiency. Perceived susceptibility and perceived
barriers played vital roles in mediating the effects of knowledge and
cues to action on CDC screening behaviour.

7 | RELEVANCE TO CLINICAL PRACTICES

The study contributes to a better understanding of the mecha-
nism through which health beliefs affect CDC screening behaviour.
Findings from this study have implications for primary care provid-
ers. First, health beliefs are recommended to be measured as pro-
cess index in community health education programmes. Second,
educational strategies should be innovated to better strengthen-
ing patients’ health beliefs as we have elaborated hereinbefore.
Meanwhile, care coordination and care management are expected
to help patients better engage themselves in CDC screening with
more cues to actions and less perceived barriers. Our findings also
have implications for researchers, that is, comprehensive application
of the HBM, which include the overall constructs are recommended
in future studies.
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