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Purpose: Diabetes mellitus (DM) patients need to control their blood sugar level in order to
achieve a good quality of life. This study was conducted using the health belief model
(HBM), to explore the factors behind the bitter melon peptide (BMP) intake behavior and the
role of self-efficacy in the model.

Materials and Methods: The subjects were type 2 diabetes mellitus patients in Taiwan.
A structured questionnaire was adopted from the theory of health belief model and modified
specifically for this study as an instrument to survey 292 DM patients, of whom 51.03% were
female, 75.68% were married, and 49.32% were aged 40 to 64 years old. The data were
analyzed using #-tests, one-way ANOVA and regression.

Results: Perceived susceptibility was the most sensitive in the response to the various
demographic factors, whereas perceived barrier was the least sensitive. The HBM explained
38.0% of BMP intake behavior. Perceived benefits (B= 0.357) and perceived susceptibility
(B= 0.348) were the major predictors. Self-efficacy mediated the relationship between
perceived benefits and BMP intake behavior, as well as increased the variance explained to
51.30%.

Conclusion: The perceived benefits of taking BMP and perceived susceptibility to DM
complications were the two major drivers acting on BMP intake behavior. The power of
perceived benefits was mediated by self-efficacy in driving DM patients to take BMP
regularly. Several ways of affecting perceived susceptibility and perceived benefits were
suggested.

Keywords: mcIRBP-19, bitter melon, bitter gourd, Momordica charantia, perceived

susceptibility, perceived benefits, self-efficacy

Introduction

Diabetes mellitus (DM) jeopardizes the human quality of life with a plethora of
complications and is a major cause of mortality." This is indeed a major risk to
human health. Despite the comprehensive diabetes education provided to DM
patients, the death toll caused by DM in Taiwan remains high, and the expenditures
attributed to DM complications have accounted for a large portion of the National
Health Insurance (NHI) reimbursements in recent decades.’

Medical discipline generally agreed and advised DM patients to combine
medications, physical activities and healthy diet (e.g. to take foods with lower
glycemic index) in order to prevent and control DM and its complications.
Despite the fact that the expenses for DM medications are covered by the NHI in
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Taiwan, the number of DM patients remains high.? Thus,
a plethora of alternative medicines and nutraceuticals were
adopted in the Taiwan market, among which the herbal-
based nutraceutical such as cinnamon and bitter melon are
the most wanted.

Bitter melon (also called bitter gourd, Momordica
charantia) is one of the common daily foods in Taiwan
and has long been widely perceived by the indigenous
populations in Asia, South America, India and East
Africa, as a healthy vegetable that helps in regulating the
human internal organs. ® Although the effects of bitter
melon in lowering blood sugar have not yet received
consensus,” some evidences had shown the significant
effects of bitter melon.>®

Bitter melon peptide (BMP) is one of the products that
is recently developed and has received wide attention. *~°
BMP with mcIRBP-19 (named as Insumate™) was devel-
oped and launched to the Taiwan market as a nutraceutical,
it has been proven to be effective in regulating DM patient
blood glucose levels. * Other than prescribed medications,
taking this particular BMP as an aid to regulate blood
sugar has become common in Taiwan since its introduc-
tion. The phenomenon of the wide acceptance and sharp
growth of this captioned product in the nutraceutical mar-
ket triggered this research interest in exploring a scientific
method. The purpose of the current research is to explore
the possible factors behind BMP intake behavior.

As suggested by the literature of health belief model
(HBM), perceived threats drive people to seek prevention
measures, and the perceived utility of an instrument or
measure supporting targeted health goals enables patients
to adopt the instrument subject in order to gain accessi-
bility (or barriers) to such an instrument.'® Under the same
logic, DM patients who are exposed to the threats of
complications would be driven to take preventive
actions.''

Other than conventional medical treatment (e.g. metfor-
min), regular exercise and healthy diet, DM patients may
take BMP as long as they believe that such nutraceutical
may provide protection in the battle against DM complica-
tions subjected to accessibility (or barriers) to BMP.

Based on the HBM, three hypotheses were proposed.
H1: The stronger the perceived threat of DM complica-
tions and the stronger the perceived benefits of BMP in
preventing DM complications, the more likely DM
patients would take BMP. H2: The more barriers to acces-
sing BMP the patients perceive, the less likely they would
take BMP. Rosenstock et al added a concept of self-

efficacy '? to the original HBM '*'* in order to increase
its predictive power. Since self-efficacy appears to have
extraordinary power over constructs in many studies, self-
efficacy may override other predictors of HBM.'>!¢

Unlike previous studies, this study proposed that
a patient’s self-efficacy would be activated by perceiving
the benefits BMP may bring in order to improve glycemic
control. This means that a patient’s self-efficacy will med-
iate the association between perceived benefits and BMP
intake intention. Thus, a DM patient’s self-efficacy posi-
tively mediates the relationship between perceived benefits
and BMP intake. H3: The relationship between perceived
benefit and BMP intake behavior will be positively
mediated by self-efficacy.

Materials and Methods
Subjects

Prior to approaching prospective subjects, the study was
approved by the Institutional Review Board (IRB) of
(PCH; Pingtung City,
Taiwan) with approval number IRB552B. The subjects

Pingtung Christian Hospital

were recruited on a volunteer basis when they refilled
their medication for chronic diabetes from designated
pharmacies. A total of 292 valid responses were included
in this study, all respondents were over 20 years old and
were diagnosed by qualified physicians as T2DM patients
with at least 126 mg/dL of fasting blood glucose (FG)
level, or at least 7.0% (equivalent to 53 mmol/mol) gly-
cated hemoglobin (HbAlc). Respondents that failed to
complete the life style survey, or significantly violated
the physician’s advice, or missed major parts of the ques-
tionnaire were deleted.

Research Instrument
A structured questionnaire was developed based on the
HBM?® and revised with a pre-test with 50 subjects with
good levels of reliability and validity. A 5-point scale was
applied to measure the responses of each construct to the
items. The questionnaire which includes a survey on
respondent’s demographic data contained four main con-
structs of the HBM, that is, perceived susceptibility and
severity of DM complications, perceived benefits and bar-
riers to taking BMP in addition to other medication and
self-efficacy.

The questionnaire was accompanied by a life style
survey and items to ensure that the respondents remained
under regular DM management, such as medication,
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adhering to the doctor’s advice, physical exercise, healthy
diet, etc. Cases that obviously violated the doctor’s advice
were excluded from the survey.

Constructs

The construct consists of items on perceived susceptibility
that inquired into the subject’s perception toward the pos-
sibility of specific health problems, including diseases
affecting the cardiovascular system, kidney, eyes, feet
and sexual function. As a part of the perceived threat of
health problems, the perceived severity construct inquired
into how worried the respondents were, regarding the
consequences of these health problems. In dealing with
such health problems, the perceived benefits and barriers
were used to inquire how the subject would foresee the
results and obstacles with regard to this BMP capsule.
Perceived benefit was used as a construct to measure
how the respondents believed BMP intake could be helpful
in regulating glycemic levels and consequently help to
retard or avoid complicated disease. Perceived barrier
was used as a predictor to reflect how difficult the respon-
dents perceived taking BMP in terms of cost, accessibility,
and other possible barriers. The self-efficacy construct
inquired how confident the subjects were in taking this
specific nutraceutical.

Reliability and Validity

The questionnaire had an acceptable reliability in both the
pre-test and actual test. Construct validities were at accep-
table levels with convergent validity between 0.760 and
0.921 and discriminant validity between 0.727 and 0.887,
as shown in Table 1.

Measurement

Capsule of bitter melon peptide (BMP), which contains
mcIRBP-19 as the active ingredient, is a nutraceutical
product of BMP offered by Greenyn Biotechnology Co.,
Ltd. (Taichung, Taiwan). It has been claimed to regulate
blood sugar and this BMP capsule was used as an alter-
native solution for regulating blood sugar level other than
the conventional treatment. Participants were asked to
complete the survey voluntarily and to provide written
informed consent with a signature prior to the investiga-
tion process. Participants were also requested to read the
document of product description regarding the information
on test results’ of the captioned BMP nutraceutical as well
as dose information and the selling price before entering
the answering process.

Table | Reliability and Validity of Constructs

Constructs | Reliability Validity
(Cronbach’s)
Pre-Test | Test | Convergent | Discriminant
Susceptibility | 0.973 0.964 | 0.896 0.857
Severity 0.974 0.969 | 0.921 0.882
Benefits 0.963 0.977 | 0.875 0.727
Barriers 0.807 0.908 | 0.760 0.789
Self-efficacy | 0.944 0.946 | 0.805 0.887
Behavior 0.934 0.952 | 0.791 0.879

Data were analyzed using SPSS 20.0 (Armonk, NY:
IBM Corp. Sourced from TriStar, Kaohsiung City,
Taiwan). Statistical analysis techniques applied in the
study include descriptive statistics to examine the demo-
graphic distribution of the subjects, as well as independent
t-tests and one-way ANOVA to examine whether the aver-
age difference was significant between groups with two
and three categories, respectively, in terms of the major
constructs of the study.

Additionally, multiple regression analysis was per-
formed to reveal the effects of each independent variable
on the dependent variable. All significance levels were set
atp = 0.05.

Results

Description of Samples and Variables

The demographic distribution of subjects included in the
study is shown in Table 2. In general, there were slightly
more female subjects than male subjects, most subjects
were married, more than 70% of subjects were at least
40 years old, roughly 65% of respondents were at least
junior educated, around 40% of them were retired or job-
less, and the majority of respondents earned no more than
NTD 30,000 per month (1000 USD equivalent).

Health Beliefs and Demographic Factors
Mean values were calculated to reveal the comparative
weights among independent variables, which were then
used to determine whether the values of these variables
varied along with demographic factors. Demographic factors
include gender, marital status, age, education, income, and
residence area; marital status did not make any significant
difference. Male respondents perceived higher susceptibility
than female subjects (male = 4.15, female = 3.91), but not in
other variables (Table 3 and Table al in supplementary).
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Table 2 Demographic Distribution of Samples

Variables Categories N %
Gender Female 149 51.03
Male 143 48.97
Marital status Single 71 2431
Married 221 75.68
Age <39 years 84 28.77
40—64 years 144 49.32
>65 years 64 21.92
Education Primary 100 34.25
Junior 68 23.29
High school 78 26.71
Bachelor & above 29 9.93
Occupation Proprietors 108 38.03
Wage-earners 6l 21.48
Retired/Jobless 115 40.49
Income <$667 115 39.38
$667—1,000 63 21.58
$1,001-1,333 43 14.73
>$1,3333 44 15.07
Area Yunlin 195 66.78
Nantou 88 30.14
Unspecified 7 2.4

The group over the age of 65 years perceived higher
susceptibility (F = 4.07, p = 0.02) and severity (F = 5.41,
p = 0.00) than those in the group aged below 39 years old
(Table 3 and Table a2 in supplementary). The average

scores of susceptibility and severity increased with age.

Regarding educational levels, respondents with high
school education perceived higher health threat levels (F
=390, p = 0.01; F = 472, p = 0.01) than those with
elementary and lower education. Those with other educa-
tional levels showed no significant difference from those
with a high school education for almost all variables
(Table 3 and Table a3 in supplementary).

Table 3 Mean Scores, t-Test, and One-Way ANOVA of Variables

Compared to other occupational types, respondents
who were self-employed or owned a personal business
perceived higher threat levels (susceptibility, F= 3.43,
p = 0.03; severity, F = 4.49, p = 0.01) regarding DM
complications. However, these subjects were more confi-
dent (F = 6.38, p = 0.00) and more willing to take BMP (F
=5.85, p=10.00) (Table 3 and Table a4 in supplementary).

As far as the personal income is concerned, the results

show that respondents with a higher income were more
concerned about the threat of DM complications (suscept-
ibility, F = 2.75, p = 0.04; severity, F =4.29, p=0.01) and
the benefits of BMP on glycemic control (F = 4.56; p =
0.00). A higher income made DM patients more confident
(F = 3.65, p = 0.01) and willing to take BMP (F = 3.93,
p = 0.01) (Table 3 and Table a5 in supplementary).

Predicting BMP Intake Behavior

The regression analysis results show that the model 1
explained 38.0% of variance in BMP intake behavior, of
which perceived benefits of BMP acted as the major predictor
(B=0.357), followed by perceived susceptibility of diabetic
complications (=0.348), the other two predictors of perceived
severity and barriers were not significant (M1 in Table 4).

The Role of Patient Self-Efficacy

Self-efficacy in this study referred to a patient’s confidence
in his/her ability to take BMP in order to prevent the pro-
gress of DM complications.'*'>¢ Although the literature
generally accepts that self-efficacy could positively enhance
the prediction power of the original HBM independent vari-
ables, previous research has found a negative association
between DM patient self-efficacy and HbAlc levels."” In
addition, self-efficacy appears to be the sole important factor
that supersedes other HBM predictors. However, to conclude
that an individual’s self-confidence dominates everything did
not make sense. This study argues that an individual’s self-
efficacy could be strengthened by believing in the benefits of

Constructs Min. Max. Mean s. d. Gender® Age® Education® Job? Income*®
Susceptibility 1.00 5.00 4.03 0.93 * kK wk * *

Severity 1.00 5.00 4.17 0.92 n.s. kK wk Hk wk
Benefits 2.00 5.00 3.85 0.8l n.s. n.s. * n.s. ok
Barriers 1.00 5.00 297 1.04 n.s. n.s. n.s. n.s. n.s.
Self-efficacy 1.00 5.00 3.83 0.90 n.s. n.s. n.s ok wk

BMP behavior 1.00 5.00 3.85 0.96 n.s. n.s. n.s ok wk

Notes: *p<0.05, ¥p<0.01, ¥*p<0.001; *Table al in supplementary; ®a2; “a3; %a4; °a5.

Abbreviation: n.s., non-significant.
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Table 4 Health Beliefs, Self-Efficacy, and BMP Intake Behavior

Var. MI SE Standardized | t P M2 SE Standardized | t P
Non- Non-
Standardized Standardized
B Est. B B Est. B
(Constant) 0.747 0.285 2.620 0.009 | 0.485 0.255 1.905 0.058
Susceptibility | 0.360 0.080 | 0.348 4.521 0.000 | 0319 0.071 | 0.308 4.500 0.000
Severity 0.028 0.078 | 0.027 0.359 0.720 | —0.031 0.070 | —0.030 —444 | 0.657
Benefit 0.422 0.061 | 0.357 6.885 0.000 | 0.127 0.064 | 0.107 1.985 0.048
Barrier —0.029 0.043 | —0.031 —0.673 | 0.502 | —0.070 0.038 | —0.076 —1.814 | 0.071
Self-efficacy | - - - - - 0.504 0.057 | 0.474 8.834 0.000
R 0.617 0.716
R? 0.380 0513
Adj. R? 0.342 0.505

BMP, which positively enhances an individual’s intention to
take BMP. In other words, self-efficacy is not a predictor, but
rather a mediator affected by the perceived benefits of BMP,
which then affects BMP intake behavior.

As shown in the M2 of Table 4, self-efficacy is added as
new variable. The variance explained for BMP intake beha-
increased from 38.0% (R2=0.380) to 51.30%
(R2=0.513), self-efficacy was strongly affected by perceived
benefit (f = 0.610) and became a major predictor (f = 0.474)
of BMP intake behavior, and the direct power of perceived
benefit reduced from 0.357 to 0.107. This denotes that a DM
patient’s perceived benefit is partially mediated by self-

vior

efficacy when activating the BMP intake behavior (Figure
1). Perceived susceptibility still acts as a significant predictor

with lower effects (B = 0.308), and perceived severity, as
well as barrier, remains non-significant.

Discussion

Perceived Threats, Benefits, and Barriers
Compared to other variables, perceived susceptibility had
the highest average values, followed by perceived severity.
This means that DM patients pay more attention to the
disease than the associated solutions or treatments, and are
most concerned about the consequences of DM complica-
tions. DM complications issues could gain better reader-
ship than those of other solutions. As the fear appeal
theory advocates that a threatening communication con-
taining frightening material could be very effective,'” DM

Perceived

Benefit

Perceived
Susceptibility
.308*

-.030

Perceived

Severity

Perceived

Barrier

610*
Self- efficacy
107* A74%
mclRBP-19
BMP Intake
-.076

Figure | DM patient’s mcIRBP-19 BMP intake behavior model. *denotes a significant level at p<0.05.
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patients could be altered (or shocked) by possible DM
complications and associated consequences prior to
becoming aware of possible solutions. This understanding
of consumer’s perception toward complication can be
helpful for health educators and nutraceutical businesses
when developing communication campaigns.

Many studies have shown susceptibility as the major
threatening factor on health behavior, whereas others have
shown this regarding severity. The literature suggests that
varied perceptions of a health risk may be critical to
differentiating levels of perceived susceptibility and per-
ceived severity.'® The fact that perceived susceptibility is
the main predictor of health threats in the current research
denotes that the risk perception of DM complications may
come from the result of an increase in perceived suscept-
ibility. '®'

The literature suggests that health risk may not ade-
quately predict preventive behavior and should include
outcome expectancy.'® Based on the theory of the HBM,
the construct of perceived benefit in the current study
could be viewed as an alternative to outcome expectancy.

The study included major DM complications such as
kidney diseases, neurological, circulatory, oral, ophthalmic
and skin complications, and other specified diabetic con-
Statistical
Classification of Diseases and Related Health Problems

ditions as outlined by The International

10th Revision (ICD-10) in the questionnaire to inquire
into the respondent’s perceptions of susceptibility and
severity. The perceived benefit of BMP was measured to
reflect the respondent’s trust and confidence in the function
of BMP.

Demographic Variables

Male subjects were more concerned about the possibility
of suffering from DM complications than female subjects,
but gender was not associated with significant differences
in other HBM variables. Since susceptibility is a stronger
predictor than severity, communication with male DM
patients should particularly focus on susceptibility rather
than on severity.

Although the incidence of type 2 diabetes in youth is
increasing, older age is typically a risk factor for DM.
Nearly 72% of subjects who came to the pharmacy for
their refill prescription were at least 40 years old, and only
28% were 39 years old or younger. DM patients who were
at least 65 years old perceived significantly stronger
threats from DM complications. This group of sufferers
had a longer history of DM and may have been exposed to

more comprehensive and intensive information regarding
DM and the associated complications than younger DM
patients. However, other predictors and BMP intake beha-
vior were not significantly different according to age.

High school was the most significant level than the
other educational backgrounds in the average tests of all
health belief variables as well as BMP intake behavior.
This group of respondents perceived more urgent health
threats, more useful BMP benefits, and accordingly com-
paratively stronger BMP intake behavior. Health literacy/
knowledge and its actions on health, such as diet and
regular physical exercise, are essential to maintaining
a good level of blood sugar, and a high school education
seems to be a critical level for this purpose.

Although the National Health Insurance (NHI) of
Taiwan provides DM patients comprehensive care for
most DM complications with fractional costs as personal
burden, other expenses that are not covered by insurance,
such as personal preferences for inpatient services and
medical supplies, are relatively high for most wage earn-
ers. Compared to the general wage earners and retired
persons, business owners are generally richer and more
concerned about the risks of DM complications. Rich
persons generally have better opportunities to practice
their will to gain whatever benefits there are for their
health, for example, to regularly take BMP in addition to
treatments that are covered by the NHI.

The Roles of Self-Efficacy

Other than health risk and outcome expectancy of the
solution in the HBM, self-efficacy is another significant
factor in shaping one’s health behaviors,'® including gly-
cemic control in DM patients.'>'® Previous studies tended
to argue for a direct association '>'® in lowering a patient’s
HbAlc levels. In studies informed by HBM theory, the
power of self-efficacy was frequently found to override
other predictors in the HBM. It seems from these studies
that self-efficacy is the sole factor predicting a DM
patient’s disease control behavior. In other words, the
perceived threats of DM complications and the perceived
benefits of particular disease alternatives are useless in
a DM patient’s health decision-making process. This is
incorrect in the real world and may mislead decisions for
health educators and entrepreneurs.

Self-efficacy apparently has strong effects on leading
a health promotion decision. However, the role of self-
efficacy in affecting a DM patient’s health decision remains
questionable. Previous studies mostly included self-efficacy
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as an independent predictor in HBM, only a few indicated
that self-efficacy had only an indirect effect on glycemic
control.?® The current study proposed and tested the notion
that self-efficacy is a mediator of perceived benefit and intake
behavior in the model. This means that the major predictors
of DM patient’s BMP intake behavior are perceived threats
of DM complications and perceived benefits of BMP, and
perceived benefits influence behavior through self-efficacy.

In other words, self-efficacy is an important factor that
links a patient’s perceived benefit and the targeted solution
of health problems. This means that DM patients first
perceive the benefit of BMP in preventing DM complica-
tions, and then this perception activates the respondent’s
self-efficacy. Accordingly, perceived benefit and self-
efficacy can jointly predict BMP intake behavior with
a better explanation of variance than a single factor.

Limitations of the Study

The first limitation of the study is the DM patients as the
study subjects. These subjects were recruited from Yunlin
and Nantou in Taiwan. Although these are the top two
counties regarding the DM occurrence rate, subjects
included in this study may not sufficiently represent the
entire population of DM patients in Taiwan.

Taking the difference of cultural practice into account,
the current study was conducted in an area that grows and
eats bitter melon as a daily vegetable. Research results
may not be generalizable to other food cultures.

Action cue was theorized as a part of the original HBM
to measure the effects of the respondent’s social network.
Since the main purpose of the current study was to explore
the impacts of major health belief constructs of the HBM
with a special focus on the roles of self-efficacy on the
respondent BMP intake behavior, the current study did not
include the effects of action cues. Interpretation of the test
results should be made with caution.

Outcome expectancy of particular health problems has
been proposed in the literature as a supplementary to
complete a health behavior prediction.'* The current
study showed that the perceived benefits of the HBM
theory could be used as a substitute for outcome expec-
tancy. However, the authors did not test the difference and
provide evidence accordingly for this argument.

Conclusion

The major risks to the T2DM patients are those severe DM
complications. To manage this health risk, BMP with
mcIRBP (specifically named as Insumate™) has been

widely introduced through multiple media and sales chan-
nels as a reliable nutraceutical that helps regulate
a diabetic patient’s blood glucose level in addition to the
conventional medication treatment.>*

Perceived susceptibility but not the severity of DM
complications and perceived benefits of BMP are signifi-
cantly active in predicting a patient’s BMP intake behavior
in the original HBM theory. By adding DM patient’s self-
efficacy in the new model, as hypothesized in this study, it
acts as a mediator between perceived benefit and intake
behavior, and consequently explains the DM patient’s
behavior better than the original model.

Communication of DM patients with the fear of DM
complications susceptibility is suggested to be more effec-
tive than the fear of severity. DM patient’s perceived
benefit and associated self-efficacy are central to educating
BMP intake behavior.

Worthy for further research is how to assess patient’s
perceived susceptibility of DM complications and per-
ceived benefits of BMP. At this stage, the health and
healthcare-related professional or healthcare institute is
suggested to develop a list of physical symptoms and
outcomes of such complications, and continuously dis-
patch widely to the DM patients and the public as
a reminder of DM management. Risk of DM complication
could be managed and prevented. Health professionals
may further develop educational material including slogan
in plain and easy-understanding words to educate DM
patients, especially those who are in poor health literacy,
the mechanism BMP help regulating blood glucose.
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