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Abstract

twelfth months after discharge.

costs among MMD patients.

Background This study explored the impact of MTM service on MMD patients with hypertension.

Methods A total of 120 MMD inpatients from September to November 2019 were received and randomly divided
into intervention group and control group. General services for noninfectious chronic diseases were given to the con-
trol group, while a standard MTM service was given to the intervention group. Patients'blood pressure, EQ-5D utility
value, readmission rate, drug-related problems, and average daily medication therapy cost were compared between
the two groups and within the groups. This was done at the initial admission phase and in the first, third, sixth, and

Results The intervention group had significantly lower blood pressure and average daily medication therapy cost

12 months after discharge compared to the control group (systolic blood pressure: P=0.023, diastolic blood pressure:
P<0.001, average daily medication therapy cost: P=0.049); the number of DRPs decreased in both groups 12 months
after discharge; the number of DRPs solved in the intervention group in the third, sixth and twelfth months after dis-
charge were statistically higher compared with that in the control group (P=0.013, P=0.012, P=0.001); there was no
significant difference in the EQ-5D utility value and readmission rate between the two groups (P> 0.05).

Conclusions MTM implementation in MMD patients can improve health outcomes and reduce healthcare-related

Trial registration Chinese Clinical Trial Register ChiCTR2200065111, date of registration: October 28, 2022.
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Background

Noninfectious chronic diseases (NCDs) refer to dis-
eases with slow pathological changes or which cannot
be cured in a short time, such as hypertension, diabe-
tes, and coronary heart disease [1]. At present, NCDs
may cause high mortality, morbidity, and disability,
affecting the health of Chinese people [2]. NCDs often
have many etiological factors during the long course of
the disease. Thus, patients are often trapped in a dis-
ease “cumulation” state resulting from multiple causes.
Further, people suffer from multi-morbidity (MMD),
which means simultaneously suffering from two or
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more NCDs [3]. According to many studies, the preva-
lence rate of MMD in middle-aged and older adults is
57-74%, and MMD has become one of the most seri-
ous public health threats in China [4-6]. Patients’
quality of life is affected due to the impact of MMD
on social, psychological, physiological, spiritual, and
economic factors [7]. According to Report on Car-
diovascular Health and Diseases Burden in China:
An Updated Summary of 2020, vascular disease is the
leading cause of death [8]. As one of the most com-
mon NCDs with a high incidence and a long course
of the disease, hypertension is the main risk factor
for inducing cardiovascular diseases [9]. It is also the
main cause of death in patients with cardiovascular
and cerebrovascular diseases in China. The number of
patients with hypertension in China has reached 245
million [8].

MMD patients frequently need polypharmacy. Poly-
pharmacy usually refers to the simultaneous use of five
or more drugs, including over-the-counter and pre-
scription drugs, Chinese herbal medicines, and other
health products [10]. With the growing population of
aged people and the high incidence of MMD, multi-
drug usage is also increasing yearly [11]. The rate of
polypharmacy in elderly MMD patients in communi-
ties of China is 33.1-75.3% [12], and the rate of poly-
pharmacy in hospital inpatients is 48.0-95.7% [13].
Further, polypharmacy is an important method to con-
trol and treat MMD. However, adverse consequences
may also occur, including increased drug-related prob-
lems (DRPs), poor patient compliance, increased read-
mission rate, and prolonged hospitalization time [14].

Medication therapy management (MTM) refers to
the process in which a series of professional services
such as medication education, treatment consulta-
tion, and guidance on the administration of therapeu-
tics are provided by pharmacists and pharmaceutical
professionals with technical know-how [15]. This is
done to prevent medication errors, and train patients
to conduct self-medication management to improve
the curative effect [16]. The MTM focuses on five core
elements such as medication therapy review (MTR),
personal medication record, medication action plan,
intervention and referral, documentation and follow-
up, and solving patients’ DRPs. The challenges asso-
ciated with MMD and polypharmacy have attracted
global attention. However, multi-drug therapy patients
are more likely to get help from MTM services [17].

This study will establish the MTM model for MMD
patients with hypertension. This model will increase
understanding of therapeutic drugs, reduce DRPs,
reduce their financial burden, and actively convey
health consciousness and a healthy lifestyle to patients.
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Meanwhile, pharmacists will be assisted in improv-
ing their pharmaceutical services and MMD manage-
ment capabilities, strengthening their communication
with patients, improving their service enthusiasm, and
reflecting on their professional value.

Materials and methods

Objectives

This study aimed to explore the impact of a 12-month
pharmacist-based MTM service mode on MMD patients
with hypertension.

Participants

One hundred twenty patients with hypertension who
were hospitalized in Taizhou People’s Hospital, Taizhou,
China, from September to December 2019, were selected
as participants. This study was a randomized controlled
trial, which was divided into intervention group and con-
trol group using a computer-generated random sequence.
Further, the participants were subjected to detailed inter-
views and rigorous evaluations.

The patients’ systolic blood pressure was taken as the
observation index. If the intervention group reduced
their systolic blood pressure by 5.86 mmHg more than
the control group did, then the drug was considered to
have application value. According to a literature review
and preliminary experimental results, the standard devia-
tion of systolic blood pressure reduction in the con-
trol group andintervention group was 10.70 mmHg and
8.11 mmHg, respectively. Moreover, according to the
1:1 parallel control design, the unilateral test was set as
unilateral a=0.025, and the degree of assurance was
80%. Using PASS 15 software, the sample size of the con-
trol group and the intervention group was calculated to
be 43 cases, and a total of at least 86 cases were included
in this study. Considering the possible shedding rate and
the period of our study, 60 cases in each group was deter-
mined as the sample to be included in this study. At the
end of the study, 9 participants in the intervention group
and 10 in the control group were lost to follow-up. Par-
ticipants who were lost to follow-up were eliminated
from the study. Finally, 51 participants in the intervention
group and 50 in the control group completed the follow-
up for 12 months, with complete data collected for analy-
sis. The overall drop-out rate was 15.8%. Drop-out rates
were 16.7% and 15.0% among control and intervention
group participants, respectively. No statistical association
was observed between group assignment and study drop-
outs, as shown in the additional file 1.

Inclusion criteria were (1) age 45—80 years; (2) suffering
from more than two NCDs with hypertension which was
diagnosed in conformity with the standard of primary
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hypertension specified in the Guidance for Hypertension
Prevention and Control Management at the National
Grassroots Level (Version 2020); (3) using more than
five drugs; and (4) informed consent to participate in this
survey, conscious and able to communicate effectively.
The main exclusion criteria included (1) with psycho-
logical and mental illnesses or other mental health condi-
tionsrequiring medication; (2) being diagnosed with New
York Heart Association Class III or IV heart failure; (3)
with critical illnesses such as severe hepatic impairment,
renal insufficiency, and malignant tumors, who were una-
ble to withstand the process and effects of the evaluation;
(4) being unreachable at the time of the first telephone
follow-up visit and having no other contact information.
Patients who died or without complete clinical data were
also excluded.

Study design

Eligible MMD patients with hypertension were invited
to participate in the study. Written informed consent
was obtained from each participant before the study. The
study was registered at the Chinese Clinical Trial Regis-
try (registration number: ChiCTR2200065111, date of
registration: 28/10/2022).

The clinical pharmacists providing MTM services
reviewed the assessment method of blood pressure used
at the clinic with the medical director to ensure consist-
ency of the measurements between the intervention
group and the control group before study initiation. All
inpatients collected blood pressure data using the yuyue
brand (U30 type) arm electronic sphygmomanome-
ter. Before taking antihypertensive drugs on the morning
of the measurement day, the patient was placed in a sit-
ting or lying position in a calm state and measured by the
clinical pharmacists. The mean value of three consecutive
blood pressure measurements was taken.

Following the five core elements of the MTM ser-
vice model, the clinical pharmacists in Taizhou Peo-
ple’s Hospital conducted the MTR at the initial phase of
admission, integrated all the drugs used by patients, and
collated and completed patients’ drug records (including
medication during hospitalization). Meanwhile, a face-
to-face questionnaire was conducted to collect patients’
demographics (age, education level, pre-retirement occu-
pation, living structure, family monthly income), NCDs
status (types of NCDs, past allergy history, medical his-
tory, and current medication), health-related influencing
factors (smoking, drinking, BMI, and family medical his-
tory, comorbidities), patients’ clinical indicators (required
parameter: blood pressure; optional parameters accord-
ing to comorbidities: heart rate, alanine aminotrans-
ferase, aspartate aminotransferase, urea nitrogen,
serum creatinine, estimated glomerular filtration rate,
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fasting blood glucose, 2-h postprandial blood glucose,
glycosylated hemoglobin, total cholesterol, triglyceride,
low-density lipoprotein cholesterol, high-density lipopro-
teincholesterol, uric acid, etc.), average daily medication
therapy cost, EQ-5D utility value, and DRPs status. After
completing the questionnaire, the pharmacists checked
each patient’s medication history in the information sys-
tem of Taizhou People’s Hospital (HIS).

Clinical pharmacists from Taizhou People’s Hospital
followed up with the patients via telephone and face-
to-face interviews in the first, third, sixth, and twelfth
months after discharge. The follow-up was on DRPs
inquiry and medication education. The control group
received general pharmaceutical care. The follow-up con-
tent for the control group included clinical indicators,
names, and dosages of drugs used, EQ-5D utility value,
hospitalization, and DRPs status. The follow-up content
of the intervention group was based on the follow-up
contents of the control group; the medication reconcili-
ation was carried out for the patients with multi-drug
usage, as shown in Fig. 1. Evaluation indexes were col-
lected for both groups during hospitalization and fol-
low-up at 1, 3, 6, and 12 months. During the follow-up,
comorbidities (included mainly coronary heart disease,
diabetes mellitus, heart failure, hyperlipidemia, renal
insufficiency, renal artery stenoses) were tracked mainly
by clinical indicators and medication. Once the clinical
indicators were seriously abnormal, such as severe liver
function damage, renal insufficiency or other circum-
stances that meet the exclusion criteria, they would be
excluded from this study.

Observation indicators

(1) Observation of the drug use by patients: the blood
pressure value at the initial phase of admission and in the
first, third, sixth, and twelfth months after discharge were
recorded and compared. The pharmacists also trained
patients to use the electronic arm sphygmomanom-
eter correctly. (2) The EQ-5D utility value was obtained
using the European Quality of Life Five Dimension Five
Level Scale Questionnaire, known as EQ-5D-5L. The
scale comprises five dimensions: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. Fur-
ther, each dimension has five levels: no problems, slight
problems, moderate problems, severe problems, and
extreme problems. The Chinese EQ-5D-5L score con-
version system table was used [18]. Based on the high-
est utility value of one, according to the evaluation level
of each dimension, the corresponding coefficient value
was deducted to obtain the utility value of the patient, as
shown in Table S1. (3) Average daily medication therapy
cost: the cumulative cost of daily medication. The clini-
cal pharmacists searched the hospital catalog used by
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Patients were followed up in
the 1, 3, 6, 12 month

Telephone/interview follow-up
of 1, 3, 6, 12 months

Fig. 1 Service flow chart of the intervention group

patients in the information system of Taizhou People’s
Hospital (HIS), to determine the costs of the drugs. For
the drugs that could not be found in the hospital catalog,
the pharmacists searched the Yaozhi Medication App.
Finally, the pharmacists calculated the daily cost of each
drug based on the patient’s usage and dosage. (4) Read-
mission rate: the ratio of the number of patients read-
mitted in each group to the total number of patients.
(5) Analysis of DRPs: the Strand classification system
of Professor Hepler and Strand [19] was used to divide
the DRPs into four categories and seven problems [20].
The number was recorded with one rule as one DRPs, as
shown in Table S2.

Statistical analyses

The SPSS software version 23.0 was used for statisti-
cal analysis. The continuous variables were shown as
mean +standard deviation, and independent-samples
t test was used for comparison between two groups.
Repeated measures data were analyzed using ANOVA
followed by post hoc analysis with Bonferroni adjustment
for multiple comparisons. Count data were expressed as
frequencies (%) and compared by Pearson’s Chi-square
test. The power calculator software PASS used for statis-
tical power calculations. A value of P<0.05 was consid-
ered statistically significant.
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Results

Baseline characteristics

The baseline characteristics of 101 enrolled patients are
shown in Table 1. The average age was about 64 years,
and 54.5% (55 of 101) patients were men. Only 5% (5 of
101) of the patients lived alone, and 65.3% (66 of 101) had
a junior high school education or higher. 30.7% (31 of
101) of the patients smoked and 15.8% (16 of 101) drank
alcohol. More than half of the patients had a BMI over
24. The family monthly income of the intervention group
was 7188.24 +4894.87, and that of the control group was
12,250.00 +4780.47. Comorbidities included cardiovas-
cular disease, diabetes, dyslipidemia, and chronic kidney
disease. Based on the comparison between the interven-
tion and control groups, there was no significant dif-
ference in the basic characteristics such as gender, age,
living status, education level, pre-retirement occupation,
family monthly income, smoking habit, drinking practice,
and BMI (P> 0.05).

Systolic and diastolic blood pressure of patients

In the intervention group, comparing the systolic and
diastolic blood pressure in the sixth months after dis-
charge and at the initial phase of admission, it differed
with a statistical significance (P<0.05). However, in the
control group, only systolic blood pressure was signifi-
cantly lower than the initial phase of admission (P<0.05).
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Table 1 Comparison of basic characteristics between two groups

Variable Intervention group Control group (n=50), n(%) )(2 value P value
(n=51), n(%)

Gender 6.194 0.091
Male 34 (66.7) 21(42.0)
Female 17 (33.3) 29 (58.0)
Age (years) 64.06 £9.43 63.42+£9.06 6.229 0.596
45-49 0(0.0) 4(80)
50-59 17 (33.3) 12 (24.0)
60-69 17 (33.3) 20 (40.0)
70-79 16 (31.4) 14 (28.0)
>80 1.0 0(0.0)
Living arrangement 0.232 0.34
Living alone 2 (3.9 3(6.0)
Not living alone 49 (96.1) 47 (94.0)
Education level 1.819 0.992
Primary school and below 15(294) 20 (40.0)
Junior high school 19 (37.3) 18 (36.0)
Senior high school 14 (27.4) 9(18.0)
University and above 3(5.9) 3(6.0)
Pre-retirement occupation 6.257 0.064
Civil servant 2(39) 0(0.0)
Staff of enterprises and institutions 34 (66.7) 34 (68.0)
Farmer 7(13.8) 13 (26.0)
Freelancer 4(7.8) 120
Unemployed 4(7.8) 2 (4.0)
Family monthly income (RMB) 7188.2444894.87 12,250.00+£4780.47 29.074 0.965
<5000 20(39.2) 0(0.0)
5000-10,000 19(37.3) 24 (46.0)
10,000-15,000 5(9.8) 11 (24.0)
15,000-20,000 7(13.7) 9(18.0)
> 20,000 0(0.0) 6(12.0)
Smoking or not 0.983 0.054
Yes 19(37.3) 12 (24.0)
No 32(62.7) 38(76.0)
Drinking or not 0.252 0.32
Yes 9(17.6) 7(14.0)
No 42 (82.4) 43 (86.0)
BMiI(kg/m?) 24554349 24.61+£337 0.365 0.494
<185 2(3.9) 1(2.0)
18.5-23.9 21(41.2) 20 (40.0)
>24 28 (54.9) 29 (58.0)
Comorbidities 3.034 0.699
coronary heart disease 29 28
diabetes mellitus 23 21
heart failure 18 20
hyperlipidemia 28 17
renal insufficiency 21 17

renal artery stenoses 10 13
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In the twelfth months after discharge, the mean inter-
vention group systolic blood pressure decreased by
9.47 mm Hg compared with the initial phase of admis-
sion, and the control group decreased by 3.64 mm Hg.
The difference of the mean systolic blood pressure
between the control and the intervention group (6.56 mm
Hg) was statistically significant (P=0.023). Compared
with the initial phase of admission, the mean diastolic
blood pressure of the intervention group and the con-
trol group decreased by 11.1 mm Hg and 3.7 mm Hg,
respectively. The mean diastolic blood pressure change
of the control group and the intervention group (7.4 mm
Hg) was significantly different (?<0.001). The results are
shown in Table 2 and Fig. 2.

EQ-5D utility value

The two groups had higher EQ-5D utility values in the
first, third, sixth, and twelfth months after discharge
compared with that at the initial phase of admission,
with a statistical significance (P<0.05), but no significant
difference was found between the groups (P> 0.05), as
shown in Table 3.

Average daily medication therapy cost

The average daily medication therapy cost of two groups
in the first, third, sixth, and twelfth months after dis-
charge decreased compared with that at the initial admis-
sion phase. In the intervention group, the average daily
medication therapy cost in the first, third, sixth, and
twelfth months after discharge was significantly lower
than in the initial admission phase (P<0.05). During the
follow-up in the twelfth month after discharge, compared
with that of the control group, the average daily medica-
tion therapy cost of the intervention group was signifi-
cantly lower (P<0.05), as shown in Table 4.

Readmission rate

The readmission rate of the intervention group in the
sixth month after discharge was 7.84%, and 18.0% in the
control group. After a 12-month follow-up, the readmis-
sion rate in the intervention group was 13.73% and 24%
in the control group. Compared with the control group in
the sixth, and twelfth months after discharge, the inter-
vention group was lower but with no statistical signifi-
cance (P>0.05).

DRPs identified in MTM

There was no significant difference in the number of
DRPs between the two groups (P>0.05) at the initial
phase of admission. With the follow-up, the number of
DRPs solved in the intervention group in the third, sixth
and twelfth months after discharge were statistically
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higher compared with that in the control group (P <0.05).
The patients in the intervention group had a maximum of
eight DRPs at the initial phase of admission, and a maxi-
mum of seven DRPs was reduced after a 12-month fol-
low-up; however, a maximum of three DRPs was reduced
for the patients in the control group, and DRPs increased
in five patients. During the drug use, there were one or
more DRPs. As shown in Table 5.

The most common DRPs of the two groups related
to non-adherence and adverse drug reaction. After a
12-month follow-up, the number of DRPs in the inter-
vention group decreased from 85 at the initial phase of
admission to 21, 75.3% DRPs solved. Further, the number
of DRPs in the control group decreased from 84 at the
initial phase of admission to 56. MTM services improved
81.0% of non-adherence and 72.2% of adverse drug reac-
tions. More details and outcome of DRPs identified
among the two groups are listed in Table 6.

Discussion

In this study, MTM was implemented in middle-aged and
elderly MMD patients with hypertension to observe the
impact of MTM on blood pressure, EQ-5D scale, aver-
age daily medication therapy cost, readmission rate, and
number of DRPs.

We found that diastolic and systolic blood pressure of
the intervention group in the sixth and twelfth months
after discharge were significantly lower than that at the
initial phase of admission (P<0.05). Moreover, the con-
trol of diastolic and systolic blood pressure in the inter-
vention group was significantly better than in the control
group in the twelfth month after discharge (P<0.05).
During the MMD management, MTM service may have
helped to control the blood pressure in patients with
hypertension, which is beneficial to the treatment of
hypertension in longer periods of discharge and can be
regarded as one of the key tasks of pharmacists.

NCDs are the main ailments threatening health and
deteriorating the quality of life. Therefore, the phar-
maceutical service should also focus on improving
the patients’ quality of life [21]. In this study, after a
12-month follow-up of the two groups of patients, the
EQ-5D utility value increased compared with that at the
initial admission phase. However, there was no statisti-
cal difference between the two groups. From the results
of this study, the MTM service was not confirmed to
be better in improving the utility value than the general
pharmaceutical service. These results may be because the
MMD patients selected in the current study had hyper-
tension and the symptoms of hypertension often vary
from person to person; most of them are asymptomatic
or not obvious. In addition, the EQ-5D scale has a large
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Fig. 2 Comparison of systolic blood pressure and diastolic blood pressure between two groups. A Mean systolic blood pressure. B Mean diastolic
blood pressure. Mean systolic blood pressure and mean diastolic blood pressure were compared with that of the group at the initial phase of
admission, P < 0.05; Mean systolic blood pressure and mean diastolic blood pressure were compared between the two groups, "P<0.05; "P<0.001

ceiling effect [22], so the EQ-5D scale cannot accurately
reflect the health status of patients with hypertension.
Moreover, MMD patients take multiple drugs simulta-
neously, with serious economic burdens caused by drug
costs. According to statistics, the direct economic cost to
older adult patients caused by improper management of

polypharmacy is as high as USD 2 billion annually [10].
In this study, the average daily medication therapy cost
for patients at the initial admission phase was as high as
RMB 137.16/day. After a 12-month follow-up, the aver-
age daily medication therapy cost for the intervention
group decreased from RMB 50.58 to RMB 35.43, with a
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Table 3 EQ-5D utility value between two groups
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Group At the initial phase  In the first month In the third month In the sixth month In the twelfth
of admission after discharge after discharge after discharge month after
discharge
Intervention group (n=51) 0.81+£0.13 0.8440.09° 0.86+0.09° 0.9140.07° 0.95+0.06°
Control group (n=50) 0.78+0.12 0.8040.10° 0.8540.08° 0.8940.08° 0.9640.04°
bPvalue 0.191 0.071 0.355 0.394 0533

EQ-5D utility value was compared with that of the group at the initial phase of admission, 2P < 0.05; EQ-5D utility value was compared between the two groups,

bpP<0.05

Table 4 Average daily medication therapy cost between two groups (RMBT1)

Group At the initial phase

of admission after discharge

In the first month

Intervention group (n=51) 50.58 £26.86 45504 23.56°
Control group (n=50) 4890430.84 46.07 £3046
bPvalue 0.771 0916

In the third month In the sixth month In the twelfth
after discharge after discharge month after

discharge
42.834+22.89° 39.17£21.51° 35434 17.83%
46.504+30.58 45.754+30.51 46.03433.13°
0497 0214 0.049

Average daily medication therapy cost was compared with that of the group at the initial phase of admission, P < 0.05; average daily medication therapy cost was

compared between the two groups, 5p<0.05

maximum decrease of RMB 76.03/day. The average daily
medication therapy cost for the intervention group in
the first, third, sixth, and twelfth months after discharge
statistically decreased compared with that at the initial
phase of admission (P<0.05). The average daily medica-
tion therapy cost for the intervention group in the twelfth
month after discharge significantly decreased compared
with that of the control group (P<0.05). According to a
retrospective study, during a ten-year period, for 9068
patients who received MTM service, the total expenses
of the health system decreased by USD 2,913,850 [23].
Briefly, compared with pharmacists’ general medica-
tion education and consultation, the MTM service could
further reduce the economic burden on patients’ fami-
lies, which could be regarded as one of the key tasks of
pharmacists.

Studies have shown that patients with polypharmacy
are more prone to problems such as improper medication
management and adverse drug reactions, which increases
hospitalization rates [24]. In this study, the readmission
rate in the intervention group in the sixth and twelfth
months after discharge was less than that in the control
group (P>0.05). This may be because the follow-up time
is not long enough to reflect MTM’s advantage in reduc-
ing the readmission rate.

DRPs refer to events or situations in medication
therapy that have interfered or will interfere with the
expected therapy results. These problems include
adverse drug reactions, medication errors, unclear pur-
pose of drug use, and inappropriate drug selection. The

incidence of DRPs gradually increases with the increase
in the number of drugs used by patients; 79.8% of older
adult patients with polypharmacy have at least one DRP
[25], and adding another drug will increase the DRPs
by 10% [26]. According to the studies, the incidence
of DRPs in patients taking five and over ten types of
drugs is 30% and 47%, respectively [10]. Many studies
have shown that DRPs may lead to a decline in patients’
quality of life, an overall increase in hospitalization and
medical costs, and even an increase in readmission rate
and mortality [10, 27-29]. After a 12-month follow-up,
the number of DRPs in the two groups all decreased.
Moreover, the number of DRPs solved in the interven-
tion group in the third, sixth and twelfth months after
discharge were statistically higher compared with that
in the control group. Drug use in MMD patients is
characterized by a wide variety of drugs, complex usage
and dosage, and long-term medication, which are criti-
cal reasons for poor patient compliance. Specifically,
the most common situations include forgetting to take
drugs, adverse drug reactions, and thinking they do not
need to take the drugs [30]. This results in problems
such as disease aggravation and deteriorating health
conditions. After the MTM service had been given
by Hale et al. [31] to the patients, the patient compli-
ance significantly increased. Futhermore, Zhao et al.
[32] confirmed that MTM services were efficacious in
resolving DRPs and improving adverse drug reactions.
They are consistent with our conclusion. Compared
with general pharmaceutical services, MTM service
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Table 6 Types of DRPs identified and level of intervention for each DRPs between two groups
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DRPs Classification At the initial phase of admission

In the twelfth month after

Confirmed as resolved, n (%)

discharge
Intervention Control group Intervention Control group Intervention Control group
group group group
(n:51) (n:50) (n:51) (n:50) (n:51) (n:SO)
Indication Drug without 16(18.8) 13(15.5) 5(23.8) 10(17.9) 11(17.2) 3(10.7)
indication
Untreated indica- 6(7.1) 8(9.5) 1(4.8) 5(8.9) 5(7.8) 3(10.7)
tion
Effectiveness Different drugs 13(15.3) 11(13.1) 5(23.8) 8(14.3) 8(12.5) 3(10.7)
need to be
selected
Underdose 4(4.7) 3(3.6) 0(0.0) 1(1.8) 4(6.3) 2(7.1)
Safety Adverse drug 18(21.2) 22(26.2) 5(23.8) 16(28.6) 13(20.3) 6(21.4)
reaction
Overdose 7(8.2) 8(9.5) 1(4.8) 3(5.4) 6(9.4) 5(17.9)
Compliance  Non-adherence 21(24.7) 19(22.6) 4(19.0) 13(23.2) 17(26.6) 6(21.4)
Total 85(100.0) 84(100.0) 21(100.0) 56(100.0) 64(100.0) 28(100.0)

could effectively solve these DRPs, reduce their adverse
reactions, improve patient compliance and the accuracy
of drug use in patients. This, in turn, would improve the
patients’ quality of life, consistent with the results in
the U.S. “Fairview Health Services” project [33].

It has been over ten years since MTM was proposed
and has become a mature pharmaceutical care cov-
ered by Medicare in the United States. The effect of
its implementation has also been tested in practice
and confirmed by relevant research, and the effect is
very significant in clinical, economic, and humanistic
aspects.

The new “patient-centered” pharmaceutical care ser-
vice model—MTM service—enables pharmacists with
professional skills to help patients identify and solve
problems in medication. Also, clinical pharmacists can
be more quickly and better integrated into the clinical
treatment team, which reflects the value of pharmacists
and contributes to the development of hospital phar-
macy in China [34, 35].

The MTM model will be established for MMD in
patients with hypertension to help them understand
their therapeutic drugs, reduce DRPs, improve patient
compliance, reduce their financial burden, and actively
convey health consciousness and a healthy lifestyle to
patients. Meanwhile, pharmacists will be assisted in
improving their pharmaceutical service and MMD
management capability, strengthening their communi-
cation with patients, improving their service enthusi-
asm, and reflecting on their professional value.

In the future, a drug management model for chronic
disease patients should be explored through medical

associations, led by clinical pharmacists and partici-
pated in by pharmacists in community pharmacies, to
obtain better service effects.

Strengths and limitations

Strengths: The MTM mode was established for MMD
inpatients. The evaluation indexes include clinical indi-
cators, economic outcomes, human outcomes, and the
number of DRPs. The evaluation is relatively compre-
hensive. Meanwhile, the pharmacists will be assisted in
improving their pharmaceutical service and MMD man-
agement capability, strengthening their communication
with patients, improving their service enthusiasm, and
reflecting on their professional value.

Limitations: Clinical pharmacists delivered the inter-
vention and assessed the outcomes, increasing the
risk of biased assessment. However, the outcome was
assessed using an objective measurement tool, which
may have minimized the potential effects of this bias on
the outcome. In the future, using third-party person-
nel to measure the clinical outcomes may help mitigate
bias. Additionally, the overall drop-out rate in this study
was 15.8%, which is slightly higher than that observed in
previous pharmacy studies of patients. Due to the limited
pharmacists in medical institutions, there are not enough
pharmacists capable of undertaking pharmaceutical care.
Older adults do not fully recognize MTMs, and long-
term follow-up leads to a slightly higher rate of loss to
follow-up. In the future, we will actively cooperate with
community pharmacists to provide more comprehensive
and long-term services to MMD patients. Finally, analy-
ses were conducted and it was determined that the group
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lost to follow-up was not statistically associated with the
group successfully followed up. While these analyses
reduced selection bias to some extent, they may inevi-
tably lead to biased results, for example, data on people
who were missed due to deteriorating health status may
have had some impact on the outcome of the interven-
tion group. Therefore, we need larger sample sizes and
better designs in the future.

Conclusions

Patients with multiple NCDs often use many drugs
simultaneously and need to take drugs for an extended
period. However, unreasonable, or unsafe polypharmacy
causes hospitalization, medication errors, and adverse
reactions [11]. Therefore, the patients’ quality of life will
be seriously affected, and health care resource expendi-
ture will be significantly impacted. In this study, clinical
pharmacists cared for the patients through the MTM
service. Consequently, blood pressure was better con-
trolled, and the incidence of DRPs was reduced. Further,
the medication therapy effect was improved, patients
were helped in controlling their illness, and their eco-
nomic burden was simultaneously reduced. However,
this effect is more obvious in long-term pharmaceuti-
cal care. Therefore, clinical pharmacists must adopt the
MTM service for MMD patients, which helps ensure the
safety and rationality of drug use in MMD patients.
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