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Abstract 

Background  Interprofessional collaborative care such as a split-shared care model involving family physicians 
and community pharmacists can reduce the economic burden of diabetes management. This study aimed to evalu‑
ate the economic outcome of a split-shared care model between family physicians and community pharmacists 
within a pharmacy chain in managing people with uncontrolled type 2 diabetes and polypharmacy.

Method  This was a multi-center, parallel arm, open label, randomized controlled trial comparing the direct and indi‑
rect economic outcomes of people who received collaborative care involving community pharmacists (intervention) 
versus those who received usual care without community pharmacist involvement (control). People with uncon‑
trolled type 2 diabetes, defined as HbA1c > 7.0% and taking ≥ 5 chronic medications were included while people 
with missing baseline economic data (such as consultation costs, medication costs) were excluded. Direct medical 
costs were extracted from the institution’s financial database while indirect costs were calculated from self-reported 
gross income and productivity loss, using Work Productivity Activity Impairment Global Health questionnaire. Sepa‑
rate generalized linear models with log link function and gamma distribution were used to analyze changes in direct 
and indirect medical costs.

Results  A total of 175 patients (intervention = 70, control = 105) completed the trial and were included for analysis. 
The mean age of the participants was 66.9 (9.2) years, with majority being male and Chinese. The direct medical costs 
were significantly lower in the intervention than the control group over 6 months (intervention: -US$70.51, control: 
-US$47.66, p < 0.001). Medication cost was the main driver in both groups. There were no significant changes in pro‑
ductivity loss and indirect costs in both groups.

Conclusion  Implementation of split-shared visits with frontline community partners may reduce economic burden 
for patient with uncontrolled type 2 diabetes and polypharmacy.
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Trial registration  Clinicaltrials.gov Reference Number: NCT03531944 (Date of registration: June 6, 2018).
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Introduction
Diabetes imposes significant cost burden on global 
healthcare systems with direct economic cost of US$760 
billion in diabetes spending projected to increase to 
US$845 billion by 2045 wordwide [1]. Studies have shown 
that diabetes-related complications, specifically coronary 
heart disease and myocardial infarction contributed to 
approximately 47.2% of all cause of deaths and almost 
twice the cost compared to those with diabetes but did 
not develop cardiovascular complications [2, 3]. While 
diabetes-related direct costs are taking a toll on the health 
economy at a global scale, indirect costs related to diabe-
tes care also contribute to significant financial difficulties 
to the society and individuals. According to a large-scale 
national database study conducted in the United States, 
indirect cost attributed to 27.5% of the estimated annual 
health expenditures of US$327 billion for diabetes man-
agement [4]. Reduced labor force participation was the 
main indirect cost driver (42.8%), followed by presen-
teeism (30.7%), diabetes-associated pre-mature mortal-
ity (22.7%), and absenteeism (3.8%) [4]. Presenteeism is 
defined as reduced efficiency at work, while absenteeism 
is defined as absence from work due to health problems.

Antidiabetic medications are also the major drivers 
of diabetes cost burden. Diabetes is a condition without 
cure, hence in addition to lifestyle modification, people 
must rely heavily and chronically on pharmacotherapeu-
tics to achieve and maintain control. A meta-analysis of 
16 studies conducted in Germany between 2012 and 2018 
concluded that medication cost accounted for approxi-
mately 50% of the total direct medical cost [5]. Another 
meta-analysis of 7 studies conducted among Eastern 
Mediterranean region countries also found medication 
cost incurred per patient to be the main cost driver of the 
total direct medical cost [6]. Poor adherence and medica-
tion-related adverse events and interactions have shown 
to further result in increased healthcare utilization and 
hospital admissions, feeding to the vicious cycle of diabe-
tes-related economic burden [7].

A shared or split visit is defined as a visit in which a 
physician and other qualified health care professional(s) 
both provide the face-to-face and non-face-to-face work 
related to the visit [8]. The benefit of split-shared model 
is that it allows interprofessional collaboration and for 
the care providers to manage patients with expanded 
expertise and care individualization [8]. Numerous stud-
ies have shown the success of pharmacist-physician part-
nership adding value to diabetes outcomes, self-efficacy 

and medication safety [9]. This care model, however, 
is usually confined to healthcare providers and clini-
cal pharmacists located within the same facility, failing 
to address convenience in care delivery and patient’s 
time lost in receiving the care in the clinic setting [10]. 
Given the fact that most people living with diabetes are 
community-based, interprofessional partnership with 
geographically advantageous frontline healthcare pro-
fessionals such as the chain community pharmacists to 
manage diabetes is plausible. In this study, we conducted 
a randomized controlled trial to evaluate the economic 
impact of a collaborative split-shared care model involv-
ing community pharmacists and family physicians on 
diabetes management.

Methods
Study design and setting
This was a multi-center, parallel arm, open label, rand-
omized controlled trial conducted in two primary health-
care institutions in Singapore over 6 months. Singapore’s 
prevalence of diabetes was 14.2% in 2020 and the eco-
nomic cost of diabetes in this Southeast Asia country 
was projected to increase to US$1,867 million in 2050 
[11, 12]. The clinical and humanistic findings, including 
details of the intervention, have been reported elsewhere 
[13]. The randomized controlled trial was registered 
with clinicaltrials.gov (NCT03531944). This study was 
approved by the National University of Singapore Institu-
tional Review Board (reference number: H-18–019) and 
the National Healthcare Group Domain Specific Review 
Board (reference number: 2019/00201).

Study participants
The inclusion criteria for the randomized controlled 
trial were age 21  years and above, diagnosed with type 
2 diabetes mellitus, had baseline glycated hemoglobin 
(HbA1c) level of > 7.0%, and were taking 5 or more 
chronic medications (polypharmacy). Subjects who were 
mentally incapacitated or not able to communicate inde-
pendently in the English, Chinese or Malay language 
were excluded. People with missing baseline economic 
data were also excluded.

Study procedures
Upon signing of informed consent, direct medical costs 
of the study subjects were retrieved from the healthcare 
institutions’ electronic financial databases and indirect 
costs were derived from productivity loss which was 
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assessed using a questionnaire administered at baseline 
and after 6 months. Demographic, medical and medica-
tion related data were extracted from the electronic med-
ical records. The participants were randomized through 
stratified randomization based on baseline HbA1c (7.1 
to 8.0%, 8.1 to 10.0%, ≥ 10.1%) before being sequentially 
allocated to the intervention or control group via flipping 
of a coin [13].

Trial intervention
The trial intervention consisted of two face-to-face con-
sultations and three telephonic follow-up sessions with 
the community pharmacist and “as scheduled” visits to 
the family physician [13]. The community pharmacists 
were engaged from a pharmacy chain store in Singa-
pore. The first community pharmacist face-to-face con-
sultation focused on medication therapy management 
and goal setting [13]. The second face-to-face consulta-
tion with the community pharmacist focused on self-
monitoring of blood glucose (SMBG) education and 
interpretation. During the face-to-face consultations, 
the community pharmacist developed the medication 
action plan, including the address of any drug-related 
problems, together with the physician and patient. Each 
consultation on average lasted around 20  minutes. The 
community pharmacist subsequently followed up with 
the participants through telephonic consultations, focus-
ing on lifestyle modifications, self-efficacy empowerment 
and motivational support [13]. The community pharma-
cists communicated with family physicians regularly to 
ensure seamless care.

Outcome measures
Direct medical costs
The direct medical costs comprised of doctor consulta-
tion, care manager (nurse) consultation, pharmacist 
consultation, dietitian consultation, diabetic retinopa-
thy screening, diabetic foot screening, medications, and 
laboratory tests. The direct medical costs were computed 
based on the gross costs in Singapore Dollars (SGD) and 
converted to the USD based on the currency conversion 
rate on March 31, 2020 (SGD 1 = US$0.70364). Direct 
medical costs were derived from the gross charges of the 
clinic for the respective services, and these charges were 
accurate as of 2020.

The total consultation cost was the sum of the doctor, 
care manager, pharmacist and other allied health pro-
fessional consultations, diabetic retinopathy screening, 
and diabetic foot screening (Table  1). Medication costs 
were separated into diabetes medications and non-dia-
betes medications. Changes in direct medical costs over 
3 time-points were analyzed: (1) baseline, (2) 3-month, 
and (3) 6-month. Baseline refers to the first physician 

consultation and as needed same-day diabetic retinopa-
thy or foot examination, and consultations for lifestyle 
or diet modifications conducted by nurse or dietitian. At 
the 3-month time point, it included the second physician 
consultation and as needed same-day diabetic retinopa-
thy or foot examination, and consultations for lifestyle 
or diet modifications conducted by nurse or dietitian, as 
well as pharmacist consultation on glucose monitoring 
and goal setting. The activities at 6-month were similar to 
3-month, including follow-up on glycemic goals.

Indirect costs
The indirect costs assessed in this study were incurred 
from productivity losses. The participants’ productiv-
ity losses (comprising of work productivity and activity 
impairment) were assessed using the 6-item valid and 
reliable Work Productivity Activity Impairment – Global 
Health (WPAI-GH) questionnaire (appended in the Sup-
plementary File) [14].

In order to assess work productivity loss and activity 
impairment, scores were calculated based on the four 
domains: (1) absenteeism, (2) presenteeism, (3) work 
impairment, and (4) activity impairment [14]. Absentee-
ism were computed based on number of hours missed 
from work due to health problems, adjusted for the num-
ber of work hours missed due to non-health problems 
and actual number of work hours [14]. Presenteeism was 
computed based on the score of item 5 [14].

Indirect costs attributed to absenteeism and presentee-
ism were calculated using the participants’ gross monthly 
income in Singapore Dollars and the total number of 
hours worked per month. Absenteeism, in percentage, 
was multiplied by the total number of working hours 
for the past 7 days to derive the number of hours missed 
from work due to health-related reasons. This was then 
approximated to the number of hours missed per month 
using the expression, number of hours missed from work 
due to health-related reasons in the past 7 days divided 
by 7 and multiply by 30 [15]. The number of hours missed 
from work due to health-related reasons per month was 

Table 1  Details on Cost Variables

Abbreviations: SGD Singapore Dollars, USD United States Dollars
a Based on the clinic gross charges in 2020

Direct Medical Costsa Unit Price (SGD) Unit Price (USD)

Doctor consultation 50.00 35.18

Care manager (nurse) consulta‑
tion

48.14 33.87

Pharmacist consultation 7.00 4.93

Diabetic foot screening 35.00 24.63

Diabetic retinopathy screening 40.00 28.15
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multiplied by the hourly wage rates to derive the indirect 
cost incurred due to absenteeism in a month [15].

The indirect cost attributed to presenteeism, which 
was defined as the number of hours of work affected by 
health-related problems, was also calculated as per the 
calculation for indirect cost incurred due to absenteeism. 
The total indirect cost was the sum of the indirect costs 
due to absenteeism and presenteeism. The indirect costs 
computed in Singapore Dollars (SGD) were converted to 
the USD based on the currency conversion rate on March 
31, 2020 (SGD 1 = USD 0.70364).

Data analysis
Descriptive analysis of the baseline characteristics of the 
participants were performed. The baseline characteris-
tics between both groups were compared using Student’s 
t test or Mann Whitney U test and chi square test, as 
appropriate.

Separate generalized linear models (GLM) with the log 
link function and gamma distribution were used to ana-
lyze the impact of the community pharmacist-involved 
collaborative split-shared care model on total direct med-
ical cost and its component costs per participant. The 
models included covariates such as duration of diagnosed 
diabetes, total number of comorbidities, and smoking 
status.

Changes in absenteeism, presenteeism, work impair-
ment, and activity impairment over 6 months were ana-
lyzed using the non-parametric Mann Whitney U test. 
Another GLM with the log link function and gamma 
distribution was used to analyze the impact of the com-
munity pharmacist-involved collaborative care model 
on indirect medical costs incurred per participant. The 
GLM also adjusted for covariates such as duration of 
diagnosed diabetes, total number of comorbidities, and 
smoking status. Single imputation was used for handling 
missing data.

Sample size for the randomized controlled trial was 
calculated using an estimated mean HbA1c change 
between intervention and control arms over 6 months of 
0.44% [16]. With a standard deviation of 1%, type I error 
rate of 5%, and power of 80%, the calculated total sample 
size was 164 participants. Per protocol analysis was con-
ducted. A p value of less than 0.05 was considered statis-
tically significant in all analyses. The Statistical Package 
for Social Sciences (V26.0; SPSS Inc, Chicago, Illinois) 
was used for all computations in this study.

Results
Participant demographics
A total of 264 subjects were recruited in the randomized 
controlled trial, with 89 participants (Intervention (INT): 
61 [68.5%] vs. Control (CTL): 28 [31.5%]) dropped out 

and left with 175 participants for the economic analy-
sis (INT: 70 vs. CTL: 105). Reasons for dropout included 
general disinterest or uncontactable (INT: 7 and CTL: 10), 
no longer receiving care at trial sites (INT: 11 and CTL: 
11), unwillingness to perform SMBG (INT: 7 and CTL: 0), 
not keen on survey participation (INT: 0 and CTL: 5), not 
keen on pharmacist intervention (INT: 36 and CTL: 0), 
and deaths (n = 2 [2.2%]; INT: 0 and CTL: 2).

The mean age of the participants was 66.9 (SD 9.2) 
years (INT: 68.0 (SD 8.3) vs. CTL: 66.2 (SD 9.8)), majority 
of them were males (INT: 35 [50.0%] vs. CTL: 59 [56.2%]) 
and Chinese (INT: 46 [65.7%] vs. CTL: 81 [77.1%]). 
Majority of the participants had at least high school edu-
cation (INT: 40 [57.2%] vs. CTL: 59 [56.1%]) and were 
married (INT: 53 [75.7%] vs. CTL: 87 [82.9%]). Out of the 
70 participants in the intervention group, 30 (42.9%) of 
them were employed. For the control group, 50 (47.6%) 
out of 105 participants were employed.

The baseline mean HbA1c level of the participants was 
approximately 8% and the participants had on average 5 
comorbidities and were taking on average approximately 
7 chronic medications. In terms of diabetes regimen, 
most of the participants were on only oral antidiabetic 
agents (INT: 53 (75.7%) vs. CTL: 74 (70.5%)). The base-
line characteristics between the intervention and control 
groups were comparable (Table 2).

Direct medical costs
The total direct medical cost incurred per participant in 
the intervention group at baseline was US$162.33 (SD 
92.25) which decreased significantly to US$138.17 (SD 
92.89) at 3-month and further decreased to US$91.82 
(SD 76.51) at 6-month (p < 0.001) (Table  3). Among the 
participants in the control group, the total direct medi-
cal cost incurred per participant significantly decreased 
from US$167.06 (SD 94.17) at baseline to US$158.68 (SD 
129.19) at 3-month to US$119.40 (SD 105.19) at 6-month 
(p = 0.004) (Table 3). The decrease in total direct medical 
cost incurred per participant over the 6 months was sig-
nificantly greater in the intervention group as compared 
to the control group (INT: US$70.51 vs. CTL: US$47.66, 
p = 0.044).

In terms of the component costs (consultation, medi-
cation, and laboratory), the decrease in total medication 
cost incurred per participant over 6 months was signifi-
cantly greater in the intervention group as compared to 
the control group (between-group difference: US$16.69, 
p = 0.039). The decrease in total medication cost per par-
ticipant within each group over 6  months was also sig-
nificant (INT: US$52.86, p < 0.001 vs. CTL: US$36.17, 
p = 0.010). The decrease in total consultation cost per 
participant over 6  months was not significantly differ-
ent between the intervention and control groups (INT: 
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US$6.83 vs. CTL: US$4.65, p = 0.746). Similarly, the 
change in laboratory cost incurred per participant was 
not significantly different between the two groups (INT: 
US$1.62 vs. CTL: US$4.29, p = 0.901).

At baseline, the main cost driver for each partici-
pant in the intervention group was total medication 
cost, accounting for approximately 62.5% of their total 
direct medical cost. Medication cost remains the main 
cost driver for this group of participants after 3 months 
(62.5% of their total direct medical cost). At 6-month, 
while medication cost remains the main cost driver, 
it accounted for a lower percentage of the total direct 
medical cost incurred per participant in the intervention 
group (53.0%).

Within the control group, medication cost was also 
the main cost driver at baseline, accounting for approxi-
mately 63.5% of the total direct medical cost. At 3-month, 

medication cost, being the main cost driver, accounted 
for 66.8% of the total direct medical cost, and at 6-month, 
medication cost accounted for 58.6% of the total direct 
medical cost for the participants in the control group.

Indirect costs
The baseline absenteeism among participants in the 
intervention and control groups were low at 0.8% 
and 1.8% respectively (p = 0.323) (Table  4). There 
was minimal and insignificant change in absentee-
ism among participants in the intervention group 
(change: -0.01%, p = 0.984). There was an increase 
in absenteeism among participants in the control 
group (change: + 0.60%, p = 0.602). Similarly, the 
changes over 6 months in presenteeism, work impair-
ment, and activity impairment within each group 
were also not significantly different (Table 4). In both 

Table 2  Baseline characteristics of trial participants

All values were reported in mean ± standard deviation or number (percentage) as appropriate

Abbreviations: HbA1c Glycated hemoglobin

Characteristics Intervention Group (n = 70) Control Group (n = 105) p-value

Age, years 68.0 ± 8.3 66.2 ± 9.8 0.216

Gender 0.421

  Male 35 (50.0) 59 (56.2)

  Female 35 (50.0) 46 (43.8)

Ethnicity 0.089

  Chinese 46 (65.7) 81 (77.1)

  Malay 11 (15.7) 17 (16.2)

  Indian 12 (17.1) 7 (6.7)

  Others 1 (1.4) 0 (0.0)

Educational status 0.851

  No formal education 7 (10.0) 15 (14.3)

  Elementary 23 (32.9) 31 (29.5)

  High school 27 (38.6) 39 (37.1)

  College / University 13 (18.6) 20 (19.0)

Marital status 0.472

  Single 4 (5.7) 5 (4.8)

  Married 53 (75.7) 87 (82.9)

  Separated / divorced / widowed 13 (18.6) 13 (12.4)

Employment status 0.536

  Unemployed 40 (57.1) 55 (52.4)

  Employed 30 (42.9) 50 (47.6)

HbA1c, % 8.1 ± 1.1 8.2 ± 0.9 0.516

Number of comorbidities 5.3 ± 1.6 5.1 ± 1.4 0.317

Duration of diabetes, years 13.9 ± 9.8 14.8 ± 9.6 0.522

Number of chronic medications 6.9 ± 2.0 7.0 ± 1.8 0.803

Diabetes regimen 0.328

  Insulin only 0 (0.0) 3 (2.9)

  Oral hypoglycemic agents only 53 (75.7) 74 (70.5)

  Insulin and oral hypoglycemic agents 17 (24.3)  28 (26.7)
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groups, presenteeism was a greater contributor to 
work impairment than absenteeism over the 6-month 
period.

There was a greater but insignificant increase in 
indirect costs over 6  months for participants in the 
intervention group as compared to the control group 
(INT: US$3.32, vs. CTL: US$5.51, p = 0.368) (Table 4). 
While there were no significant changes in the indi-
rect costs for both intervention and control groups, we 
observed that presenteeism contributed approximately 
90% of the total indirect costs.

Discussion
With the shift in paradigm from a physician-centric care 
model to a person-centric collaborative care model that 
anchored on shared decision-making between health-
care providers and patients in managing diabetes, this 
study found superior economic evidence in the engage-
ment of community pharmacist as part of a collabora-
tive split-shared care model. The partnership between 
community pharmacist with family physician improves 
access to care for people living with diabetes in the com-
munity. Community pharmacists also bring convenience 

Table 3  Direct medical costs incurred per participant over 6 months (N = 175)

‡ Denotes changes in costs over 6 months within each group
* Denotes statistically significant changes in costs over 6 months
a All cost data are presented in mean (standard deviation). All costs were converted from Singapore Dollars to United States Dollars as per the currency conversion rate 
on March 31, 2020 (SGD 1 = USD 0.70364)

Cost Componenta Intervention (n = 70) Control (n = 105)

Baseline 3-Month 6-Month p-value‡ Baseline 3-Month 6-Month p-value‡

Consultation 63.63 (19.22) 58.78 (23.25) 56.80 (20.53) 0.145 37.90 (21.89) 35.72 (24.04) 33.25 (23.22) 0.344

  Doctor 31.48 (8.55) 25.28 (14.76) 27.28 (13.04) 0.012* 29.47 (11.87) 28.16 (12.20) 25.66 (13.78) 0.087

  Nurse 2.40 (8.08 3.91 (9.11) 0.78 (4.80) 0.054 2.60 (7.68) 1.90 (6.25) 1.80 (6.37) 0.650

  DRP 1.67 (6.83) 0.90 (5.33) 2.08 (7.91) 0.582 2.17 (8.09) 1.03 (5.87) 2.41 (8.20) 0.363

  DFS 3.46 (9.42) 4.06 (10.79) 2.02 (7.74) 0.420 3.67 (9.96) 4.62 (11.75) 3.39 (9.18) 0.665

Medication 101.51 (79.20) 86.41 (83.54) 48.65 (68.12) < 0.001* 106.15 (84.21) 105.96 (120.08) 69.98 (89.46) 0.010*

  Diabetes 51.82 (62.20) 47.82 (64.40) 20.74 (37.77) 0.002* 57.95 (66.49) 51.23 (67.44) 39.62 (63.25) 0.126

  Non-diabetes 49.69 (38.32) 38.59 (41.49) 27.91 (47.31) 0.011* 48.20 (42.61) 54.73 (93.04) 30.36 (43.71) 0.018*

Laboratory 11.41 (15.16) 11.94 (14.60) 9.79 (14.32) 0.666 14.94 (16.90) 13.00 (15.42) 10.65 (15.66) 0.152

Total Cost 162.33 (92.25) 138.17 (92.89) 91.82 (76.51)  < 0.001* 167.06 (94.17) 158.68 (129.19) 119.40 (105.19) 0.004*

Table 4  Productivity loss and indirect costs incurred per participant over 6 months (N = 175)

‡ Denotes changes in costs over 6 months within each group
a All data are presented in mean (standard deviation)
b All costs were converted from Singapore Dollars to United States Dollars as per the currency conversion rate on March 31, 2020 (SGD 1 = USD 0.70364)

Productivity, %a Intervention (n = 70) Control (n = 105)

Baseline 6-Month p-value‡ Baseline 6-Month p-value‡

Absenteeism 0.8 (3.0) 0.8 (2.8) 0.984 1.8 (6.0) 2.4 (6.6) 0.602

Presenteeism 8.3 (11.0) 7.8 (10.9) 0.868 18.3 (20.9) 19.8 (18.8) 0.725

Work impairment 8.9 (12.4) 8.5 (11.2) 0.905 19.3 (22.2) 21.2 (20.1) 0.650

Activity impairment 16.6 (22.9) 13.3 (14.5) 0.322 22.8 (27.6) 22.2 (22.6) 0.848

Indirect Cost, USDb

Absenteeism cost 1.28 (6.43) 1.46 (6.80) 0.918 8.61 (32.22) 9.70 (23.71) 0.854

Presenteeism cost 19.48 (28.96) 22.61 (39.44) 0.737 67.73 (115.66) 72.14 (79.22) 0.852

Total indirect cost 20.76 (31.63) 24.08 (41.54) 0.739 76.34 (133.58) 81.85 (128.47) 0.840
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for people living with diabetes to access care readily, 
especially amongst those who are employed and often 
have to miss work to attend to follow-up appointments 
in the physician clinic [17]. The collaborative split-shared 
care model has led to a significant decrease in total direct 
medical cost. Furthermore, there were significant reduc-
tions in doctor consultation cost and medication cost 
among participants in the intervention group. There were 
no significant changes in productivity and indirect costs 
within the intervention and control groups. This study 
highlighted the positive impact of the collaborative split-
shared care model on direct medical cost of people living 
with type 2 diabetes. This pharmacoeconomic analysis 
was pre-planned in the trial and this analysis was taken 
into account when designing the trial.

Diabetes is a complex and multi-faceted chronic dis-
ease that requires optimal pharmacotherapeutic man-
agement coupled with demanding self-management 
regimen. This translates to significant financial hardship 
on individuals, and it was found that people with dia-
betes incurred approximately 2 times higher in medical 
expenditures than they would in the absence of diabetes 
[18]. For example, among 17,391 adults with diabetes in 
the United States, 41.1% of them were part of families 
who had financial hardships from medical bills and of 
which 15.6% of these families were not able to pay medi-
cal bills at all [19]. Financial hardships sustained from 
medical expenses can result in significant distress (odds 
ratio (OR): 1.14, 95% CI: 1.05, 1.24), medication non-
adherence (OR: 1.43, 95% CI: 1.30, 1.57), and foregone 
care (OR: 1.30, 95% CI: 1.20–1.40) [19]. These factors 
can in turn affect glycemic control negatively, leading to 
additional medications and eventually further increase 
in medical cost [20]. In addition, financial burden of dia-
betes was also established as a barrier to optimal self-
management among participants from Europe, Australia, 
Asia, and America [21]. Therefore, the collaborative care 
model involving community healthcare providers can 
be a solution in reducing total direct medical costs and 
alleviating part of the financial hardships experienced by 
community dwelling patients with type 2 diabetes.

In our study, medication was found to be the main 
cost driver, contributing approximately 65% to total 
direct medical cost. This was also consistent with previ-
ous studies that reported medication as the main cost 
driver [5, 6, 22]. Notably, involving community phar-
macist as part of the split-shared care model has led 
to a significantly greater reduction in medication cost. 
This positive outcome can be attributed to the targeted 
intervention and clinical activities performed by the 
community pharmacist which included individualized 
medication therapy management and lifestyle empow-
erment. The trial participants were taking on average 7 

chronic medications, and involving community phar-
macists can potentially address and simplify therapeu-
tic regimen based on the values and preferences of the 
patient, while not compromising outcomes [23]. Given 
that regimen complexity is well-established as a bar-
rier to medication adherence, simplifying regimen can 
also potentially improve adherence [24]. In addition to 
leveraging on the medication expertise of community 
pharmacist, this trial also involved active direct com-
munication and decision-making between the pharma-
cist, physician, and patient. This form of collaboration 
has been found to significantly reduce medication cost 
and also improve overall glycemic control [16, 25, 26]. 
This type of collaborative care model has also found 
to reduce healthcare utilizations and hospitalizations 
among people living with diabetes and other chronic 
diseases, leading to an estimated annual cost saving of 
US$2,619 per patient [27].

People with diabetes not only incurred significant 
direct medical cost but also productivity loss and indirect 
costs. Productivity loss can impose economic burden on 
society, employers and individuals through the reduc-
tion in income earnings, tax revenue, and gross domestic 
product (GDP) [4]. For example, in Vietnam, the health-
care expenditure per person with diabetes has increased 
from $38 per capita to $217 per capita over 10 years from 
2007 to 2017, with indirect costs accounting for 12% to 
68% [28]. In the United States, presenteeism, defined as 
reduced efficiency at work, drove around 30% of the total 
indirect cost while absenteeism accounted for approxi-
mately 4% [4]. In China, a total of $2.6 trillion in lost GDP 
was attributed to reduced productivity among people 
with diabetes [29]. Multidisciplinary collaborative care 
model has been suggested as one of the potential care 
delivery models that can reduce indirect economic costs 
[30]. Our trial found that there were no significant reduc-
tion in productivity loss and indirect costs among partici-
pants in the collaborative care model. Productivity losses 
and indirect costs were estimated from gross monthly 
income, and hence this could be due to the already low 
baseline productivity loss and indirect costs as most of 
the employed participants were lower-wage workers with 
an overall mean monthly gross income at US$750. Fur-
thermore, this implied that no additional indirect costs 
were incurred due to the intervention.

Some participants in the intervention group dropped 
out as they were not keen on the pharmacist’s services. 
This can potentially be a barrier in future implementa-
tion of this care model. Having doubts over the quality 
of care may be one of the key barriers to implementing 
the pharmacist’s services in the community [31].  Com-
munity outreach programmes should be organized to 
raise the awareness of the roles of pharmacists as part of 
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an interprofessional care team. Future research may be 
required to elucidate facilitators and barriers to imple-
mentation of such care model.

This study had a few limitations. The direct medi-
cal costs evaluated only reflected expenses in the pri-
mary care setting and did not include inpatient costs 
that may have incurred to the study patients during 
the study period. However, this is still reflective of the 
direct medical cost incurred by the participants as the 
primary care clinic is the primary site of care that the 
participants followed up for their diabetes and chronic 
diseases. While the dropout rate was higher in the 
intervention group, it was comparable to other tri-
als of similar nature and intervention. Subjects were 
recruited from government-owned clinics where all 
patients received subsidized medical care hence it is 
unlikely to contribute to drastic impact unlike stud-
ies where private clinics may be involved where their 
patients are more heterogeneous in nature. In addition, 
our analysis on the economic outcomes of those who 
dropped out in the intervention group were not signifi-
cantly different from the control group. Future studies 
may want to consider elucidating perspectives of peo-
ple who dropped out of these type of split-shared care 
models. While the dissemination of this manuscript 
was delayed by the pandemic, the findings remain rel-
evant, especially as the global healthcare landscape 
shifts towards mixed care models. Future research 
should evaluate the impact of community pharmacist-
involved collaborative care model beyond 6  months, 
and to include healthcare utilizations and other aspects 
of indirect cost such as pre-mature mortality. With the 
split-shared care model showing significant direct med-
ical cost reduction, future studies may want to analyse 
specific characteristics or segments of the population 
who may experience greater economic benefits from 
this type of care model.

Conclusion
This study found a significant reduction in total direct 
medical cost, medication cost, and physician consulta-
tion cost incurred among people who had diabetes man-
aged through the collaborative split-shared care model. 
There was no additional increase in indirect costs or pro-
ductivity loss. Involving community pharmacist as part of 
a collaborative split-shared care model can be a potential 
solution to reduce economic burden. Furthermore, this 
care model may bring convenience to people living with 
diabetes in the community, and consequentially improve 
access and adherence to care.
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