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Abstract

Background: The involvement of pharmacists in diabetes education and management has been shown to
improve patient outcomes worldwide. The pharmacist-managed Diabetes Medication Therapy Adherence
Clinic (DMTAC) has been introduced across public healthcare settings in Malaysia to enhance patient
adherence to treatment. Objective: This study was designed to assess the effectiveness of the DMTAC in
optimizing the glycemic control of diabetic patients, and to subsequently identify the relationship between
the number of follow-up visits and the glycemic control. Method: This was a retrospective cohort study
performed in the department of Pharmacy, Sultan Abdul Halim Hospital, Kedah, Malaysia. All the patients,
who had type 2 diabetes mellitus, made at least four visits to the pharmacist-managed DMTAC during
May 2014 and April 2016, and had their HoA1c levels tested once each before enrolled in the DMTAC and
within the same month of the last visit, were included. Percentage of patients achieving the targeted HbA1c
level of 7.5% or below, and factors associated with the achievement of the targeted HbA1c level were
recorded. Results: Only 21% of patients managed to achieve the targeted HbAlc level. Higher baseline
HbA1c (OR: 2.34; 95% Cl: 1.14, 4.79) and FPG (OR: 1.41; 95% Cl: 1.02, 1.95) levels were more likely to
lead to a non-optimized HbA1c level. Conclusion: Despite the effectiveness of the DMTAC in improving
the glycemic control, majority of the patients did not achieve targeted level. Number of visits to the DMTAC
is not a determinant of the targeted outcome and should not be used as discharging criteria in DMTAC.
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INTRODUCTION

Diabetes mellitus (DM) has been imposing a significant burden on health care
system due to its lifelong complications and high management costs.!"! Over
the past three decades, the global prevalence of DM had risen steadily from
4.3% to 9% in men, and from 5% to 7.9% in women.” Equally of concern is
the increasing number of type 2 diabetes mellitus (T2DM) patients in middle-
and low-income countries.”! For instance, in Malaysia, a population-based
survey revealed that the prevalence of T2DM increased by more than twofold
from 11.6% in 2006 to 22.9% in 2013." As a consequence, the healthcare
expenditure on DM has constituted approximately 16% of the total healthcare
expenditure in Malaysia, equivalent to USD 1.01 million annually.F!

Strict glycemic control, which is mainly achieved through adherence to
treatment and good self-care behaviors, undeniably plays a pivotal role in
DM management.) Within this context, the involvement of pharmacists in
diabetes education and management has been shown to improve patient
outcomes wotldwide.”” Since the past decade, the pharmacist-managed
Diabetes Medication Therapy Adherence Clinic (DMTAC) has also been
introduced across public healthcare settings in Malaysia, serving as an
important strategy of the Ministry of Health, Malaysia, to enhance patient
adherence to treatment, and thereby to reduce the incidence of DM-related
complications.""'? Under this program, all patients referred to the DMTAC,
who generally have poor glycemic control, are scheduled to meet a trained

pharmacist monthly to receive education and counseling on diabetes and its
complications; medications and the management of their side effects; self-
monitoring of blood glucose level; physical activity; and diet control. Besides,
the pharmacotherapy plans of patients and their adherence to proper self-care

are reviewed by phatmacists during each follow-up visit.!”

Although the DMTAC was consistently shown to improve the medication
adherence and glycemic control of diabetic patients,''? none of the existing
studies had examined its effectiveness in helping patients to achieve the
targeted HbAlc level. In addition, notwithstanding the recommendation
made by the Ministry of Health, Malaysia, to discharge patients from the
DMTAC after at least eight visits," the impact of the number of follow-up
visits on the glycemic control is still unknown. Hence, this study was designed
to assess the effectiveness of the DMTAC in optimizing the glycemic control
of diabetic patients, and to subsequently identify the relationship between
the number of follow-up visits and the glycemic control.

METHODS

This was a retrospective cohort study undertaken at the Sultan Abdul Halim
Hospital, a secondary care centre in the northern region of Malaysia. All
the T2DM patients, who had at least four visits to the pharmacist-managed
DMTAC during May 2014 and April 2016 and had their HbA1C levels tested
once cach before enrolled in the DMTAC and within the same month of
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the last visit, were included. Aside from that, the patients who had stage 3
to 5 chronic kidney disease (CKD) wete excluded, as their HbAlc levels
were likely to be affected by a wide range of CKD-related complications,
such as the reduced life span of red blood cells and iron deficiency.l'! All
the information needed, including patient demogtaphics (age, gender and
ethnicity); number of visits to the DMTAC; comorbidities; medication history;
HbAlc and fasting plasma glucose (FPG) levels; and the involvement in
self-care practices (physical exercise, self-monitoring of blood glucose and
dietary habits), were collected from the individual DMTAC clinical records
and the e-Hospital Information System (e-HIS). The targeted HbAlc level
for each patient was set at 7.5% as recommended by the Ministry of Health,
Malaysia.l"l Szatistical Analysis: The data analysis was performed by using
the Statistical Packages for Social Sciences (SPSS) version 21.0 (IBM,
New York). Categorical variables were presented as frequencies and
percentages, and numerical variables as means and standard deviations (SDs).
The associations between two variables were tested using the Pearson’s
chi-square, Fisher’s exact, independent t- or Mann-Whitney tests, as
appropriate. On the other hand, the differences between the baseline and
post-DMTAC HbAlc and FPG levels were tested using the paired t-tests.
The factors potentially influencing the control of HbAlc level, including
the number of visits to the MTAC, were tested using the backward stepwise
multiple logistic regression analysis (p=0.3 in simple logistic regression
analysis used as the cut off for variable selection), in which the results were

expressed as odds ratios (ORs) and 95% confidence intervals (Cls). Ezhics
approval: The study was registered with the National Medical Research
Register (NMRR) with registration number NMRR-16-488-30164 and was
approved by the Malaysian National Medical Research Ethical Committee
(MREC) (approval reference: (5)/KKM/NIHSEC/P16-585).

RESULTS

A total of 53 patients (28 male and 25 female) with a median age of 57 years
were included in the study. On average, they had made 9 visits to the DMTAC.
The vast majority of them were found to have hypertension (90.6%) and
hyperlipidemia (64.2%). Most of them were also reported to be insulin users
(94.3%), while only approximately half of them practiced strict diet control.
Furthermore, 86.8 % of them did not perform regular physical exercise. On
top of that, interestingly, as compared with the patients with at least 8 visits
to the DMTAC, those who had a lower number of visits were found to have
higher adherence to diet control (35.7% versus 80%) (Table 1).

Overall, irrespective of the number of visits, lifestyle and drug-taking
behaviors, the HbAlc and FPG of the patients were found to reduce by
1.3% (p<0.001) and 2.8mmol/L (p<0.001), respectively (T'able 2). However,
only 21% of them managed to achieve the targeted HbAlc level. Of all the
patients who failed to achieve the targeted HbAlc level, more than half had
made at least 8 visits to the DMTAC (Figure 1).

Table 1: Demographic and clinical characteristics of patients by the number of visits (n=53).
Total <=8 visits > 8 visits
Variable p value
n (%) mean (sd) n (%) mean (sd) n (%) mean (sd)
Age (years) 57.00 (11.00)* 57.12 (6.62) 53.46 (10.28) 0.135¢
Gender
Male 28 (52.8) 14 (56.0) 14 (50.0) 0.785¢
Female 25 (47.2) 11 (44.0) 14 (50.0)
Ethnicity
Malay 36 (67.9) 17 (68.0) 19 (67.9) 0.441%
Chinese 4(7.5) 3(12.0) 1(3.6)
Indian 13 (24.5) 5 (20.0) 8 (28.6)
Body weight (kg) 71.6 (12.00) 70.93 (10.00) 72.08 (13.29) 0.7371
No. of DMTAC visits 9.00 (5.00)* 6.00 (2.00)* 11.00 (2.00)* <0.0015
IHD 21 (39.6) 10 (40.0) 11 (39.3) 0.958¢
Hypertension 48 (90.6) 22 (88.0) 26 (92.9) 0.658+
Hyperlipidemia 34 (64.2) 10 (40.0) 24 (85.7) 0.001%
No. of Medications 7.96 (2.32) 7.36 (2.00) 8.50 (2.49) 0.074t
Insulin 50(94.3) 22(88.0) 28 (100.0) 0.098!
OAD 44 (83.0) 21 (84.0) 23 (82.1) 0.857¢
Physical exercise 7(13.2) 2(8.0) 5(17.9) 0.290*
SMBG 53 (100.0) 25 (100.0) 28 (100.0) _
Diet control 30 (56.6) 20 (80.0) 10 (35.7) 0.001%
Baseline HBA1c level 10.63 (1.68) 10.11 (1.62) 10.98 (1.66) 0.066
Baseline FBS level 11.11 (3.27) 10.80 (3.74) 11.31 (2.97) 0.585

DMTAC=Diabetic Medication Therapy Adherence Clinic; FBS=fasting blood sugar, IHD = ischemic heart disease, OAD= oral antidiabetic drug, SMBG = self-monitoring blood glucose, sd= standard
deviation.
*Presented as median (interquartile range); findependent-test; *Pearson’s chi-square test; SMann-Whitney test; !l Fisher’s exact test.
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Figure 1: Distribution of the patients achieving the targeted HbA1C
level by the number of their visits to the DMTAC.

Table 2: Changes in HbA1c and FBS levels following the
DMTAC.
P
Pre Post Mean diff | 95 % CI value*
Mean (SD) Mean (SD)
HbA1c | 10.63(1.68) | 9.32(1.71) | -1.32 (-1.82 | ,-0.81) | <0.001
FBS 11.11(3.27) | 8.30(3.70) | -2.81 (-3.92 | ,-1.71) | <0.001

Cl= confidence interval, d= standard deviation, FBS= fasting blood glucose.
*Paired t-test

The results of both the simple and multiple logistic regression analyses
showed that the number of visits was not significantly associated with the
achievement of the targeted HbAlc level. Nevertheless, higher baseline
HbATc (OR: 2.34; 95% CI: 1.14, 4.79) and FPG (OR: 1.41; 95% CI: 1.02,
1.95) levels were confirmed to be more likely to lead to a non-optimized
HbATlc level (Table 3 and 4).

DISCUSSION

To the best knowledge of the investigators, this is the first study on the
impact of the pharmacist-managed DMTAC on the achievement of the
targeted HbAlc level in Malaysia. It is also the first attempt to establish
the relationship between the number of visits to the DMTAC and the
glycemic control of patients. The findings could be used to help in the
revision of the current protocol of the DMTAC, which recommends that
patients could be discharged from the clinic after eight follow-up visits.

A significant reduction in both the HbAlc and FPG levels was observed
in the patients, who had made at least four visits to the DMTAC, in
this study. The magnitude of reduction in HbAlc is similar to that of
a previous study, which demonstrated that the DMTAC managed to
reduce the HbAlc level of T2DM patients from 9.66% to 8.47%.1""!
Such findings have been inspiring, as a number of the similar studies
on pharmacist-managed diabetes programs have demonstrated a lower
HbAlc reduction, in the range of 0.4 to 0.5%, over a longer study period.
9 However, notwithstanding the positive results, a longer follow-up petiod
is still needed to confirm the sustainability of the benefits of the MTAC.

Intriguingly, it is also found that all the patients practiced SMBG following
their participation in the DMTAC. Anyhow, their poor commitment to
the other aspects of self-care, particulatly strict diet control and physical

Table 3: Factors associated with the achievement of
the targeted HbA1C level, simple logistic regression
analysis.

Variables Crude OR 95% ClI p value
Age (years) 0.99 (0.92 ;1.91) 0.849
Gender

Male 1

Female 1.75 (0.45 ; 6.88) 0.423
Ethnicity

Malay 1

Chinese 1.0 (0.09 ; 10.87) >0.95
Indian 4.0 (0.45 ; 35.21) 0.212
Body Weight 1.02 (0.96 :1.08) 0.602
No of visits 1.10 (0.91 ;1.32) 0.324
IHD

No 1

Yes 0.463 (0.12 ;1.78) 0.261
Hypertension

No 1

Yes 1.053 (0.1 :10.49) | 0.965
Hyperlipidemia

No 1

Yes 0.374 (0.10 ; 1.45) 0.154
Number of medications 1.16 (0.89 ; 1.57) 0.336
Insulin* - - - -
OAD

Yes 1

No 1.1 (0.20 ; 6.30) 0.905
Physical exercise

Yes 1

No 0.6 (0.07 : 5.58) 0.653
SMBG* - - - -

Diet Control

Yes 1

No 4.5 (0.87 ; 23.37) 0.074
Baseline HbA1c level 2.49 (1.31 ;4.72) 0.005
Baseline FBS level 1.47 (1.10 ; 1.96) 0.009

Cl= confidence Interval, IHD = ischemic heart disease, OAD= oral antidiabetic drug, OR=
odds ratio, SMBG = self-monitoring blood glucose, sd= standard deviation

*the number of non-insulin users is too small for simple logistic regression analysis

*all the patients were reported to practice SMBG.

exercise, is still of concern, even though such practices were not shown
to significantly affect the achievement of the targeted HbAlc level in this
study. Generally, compared with a change in the pharmacotherapy plan,
self-care behaviours would require a longer study petiod to demonstrate
their impacts, especially when the achievement of a specific HbAlc level
was used as the endpoint. Nonetheless, despite the negative findings, the
roles of all these self-care practices in long-term disease management and
reducing diabetes-related complications have been well-established.!'”"!
Therefore, a strategy to overcome the widely reported barriers to self-care
in T2DM patients, including their poor attitude and the lack of financial
support and facilities,”*? is necessaty.

Moreover, irrespective of the improvement in the overall glycemic control
and the practice of SMBG, it is noteworthy that the majority of the patients,
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Table 4: Factors associated with the achievement of
the targeted HbA1C level, multiple logistic regression
analysis.

Variables Adjusted OR* 95% CI p value
Baseline HbA1c level 2.34 (1.14;4.79) 0.020
Baseline FBS level 1.41 (1.02: 1.95) 0.036

*Backward stepwise multiple logistic regression analysis was applied. Multicollinearity

and interaction term were checked and not found. Hosmer-Lemeshow test, (p=0.288),
classification table (overall correctly classified percentage =79.2%) and area under the ROC
curve (86.1%) were applied to check the model fitness.

including those who had made more than eight visits to the DMTAC, failed
to achieve the targeted HbAlc level of 7.5% as recommended by guidelines.
(224 Tn addition, conversely, the patients who had a lower number of visits
were found to have a better diet control. In fact, on average, the patients in
this study had completed nine follow-up visits. The findings indicate that
the pharmacists had been unconfident to discharge most of the patients
following eight visits, given the suboptimal glycemic control. As the number
of visits to the DMTAC has been shown not to be significantly associated
with the achievement of the targeted HbAlc level, there is a clear need to
revise the existing protocol, which suggests the use of the number of visits
as the main criterion for discharging patients. Instead, considering that
the baseline HbAlc and FPG levels are the only two factors significantly
affecting the targeted patient outcome, they should be used to guide the
pharmacists in designing individualized pharmaceutical care plans and
deciding the number of visits required by each patient.

Yet, this study has several limitations. First, its single-centre design and
relatively small sample size has limited the generalizability of the findings.
Hence, in order to recommend an actual policy change, future studies
should involve more healthcare centres which operate the DMTAC and
have a larger sample size. Besides, the limitation regarding the internal
validity should be considered when interpreting the results on the benefits
of the DMTAC, as there was no control group in this study. Nonetheless,
the roles of pharmacists in helping diabetes patients through education and
counselling have been widely explored and confirmed by the existing studies.
Thus, this study aimed at putting the study on the DMTAC in a different
context, focusing primarily on the relationship between the number of visits

and the patient outcomes.

CONCLUSION

In conclusion, despite the effectiveness of the DMTAC in improving
the glycemic control and self-care practices, the majority of the T2DM
patients enrolled in the program, including those who had completed eight
follow-up visits, did not achieve the HbAlc level of 7.5%. The finding
suggests that the number of visits to the DMTAC is not a determinant of
the targeted outcome, and thus should not be used as the main criteria for
discharging patients. On the other hand, the baseline HbAlc and FPG levels
are shown to be associated with the achievement of the targeted HbAlc
level, and therefore could be used to guide pharmacists in individualizing
pharmaceutical care plans for each patient. However, further studies,
particularly those with a larger sample size and a control group, are warranted
to verify these findings.
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