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Abstract 

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 
twelfth months after discharge.

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 
costs among MMD patients.

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

Keywords Medication therapy management (MTM), Multi‑morbidity (MMD), Polypharmacy, Clinical pharmacist

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. 

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 α = 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, 

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 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.

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).

Fig. 1 Service flow chart of the intervention group
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Table 1 Comparison of basic characteristics between two groups

Variable Intervention group
(n = 51), n(%)

Control group (n = 50), n(%) χ2 value P value

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 (8.0)

 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 (2.0) 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 (29.4) 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 (3.9) 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) 1 (2.0)

 Unemployed 4 (7.8) 2 (4.0)

Family monthly income (RMB) 7188.24 ± 4894.87 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)

BMI(kg/m2) 24.55 ± 3.49 24.61 ± 3.37 0.365 0.494

 < 18.5 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



Page 6 of 13Li et al. BMC Geriatrics           (2023) 23:10 

Ta
bl

e 
2 

Co
m

pa
ris

on
 o

f s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e 

an
d 

di
as

to
lic

 b
lo

od
 p

re
ss

ur
e 

be
tw

ee
n 

tw
o 

gr
ou

ps
 (m

m
H

g)

Sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e 

an
d 

di
as

to
lic

 b
lo

od
 p

re
ss

ur
e 

w
er

e 
co

m
pa

re
d 

w
ith

 th
at

 o
f t

he
 g

ro
up

 a
t t

he
 in

iti
al

 p
ha

se
 o

f a
dm

is
si

on
, a P 

< 
0.

05
;

sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e 

an
d 

di
as

to
lic

 b
lo

od
 p

re
ss

ur
e 

w
er

e 
co

m
pa

re
d 

be
tw

ee
n 

th
e 

tw
o 

gr
ou

ps
, b P 

< 
0.

05

G
ro

up
Sy

st
ol

ic
 b

lo
od

 p
re

ss
ur

e
D

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e

A
t t

he
 in

iti
al

 
ph

as
e 

of
 

ad
m

is
si

on

In
 th

e 
fir

st
 

m
on

th
 a

ft
er

 
di

sc
ha

rg
e

In
 th

e 
th

ird
 

m
on

th
 a

ft
er

 
di

sc
ha

rg
e

In
 th

e 
si

xt
h 

m
on

th
 a

ft
er

 
di

sc
ha

rg
e

In
 th

e 
tw

el
ft

h 
m

on
th

 a
ft

er
 

di
sc

ha
rg

e

A
t t

he
 in

iti
al

 
ph

as
e 

of
 

ad
m

is
si

on

In
 th

e 
fir

st
 

m
on

th
 a

ft
er

 
di

sc
ha

rg
e

In
 th

e 
th

ird
 

m
on

th
 a

ft
er

 
di

sc
ha

rg
e

In
 th

e 
si

xt
h 

m
on

th
 a

ft
er

 
di

sc
ha

rg
e

In
 th

e 
tw

el
ft

h 
m

on
th

 a
ft

er
 

di
sc

ha
rg

e

In
te

rv
en

tio
n 

gr
ou

p 
(n

 =
 5

1)
14

4.
98

 ±
 1

4.
78

14
3.

20
 ±

 1
2.

75
14

2.
02

 ±
 1

3.
27

13
6.

31
 ±

 1
1.

82
a

13
5.

51
 ±

 9
.9

9ab
83

.5
5 
±

 1
1.

21
82

.4
9 
±

 1
1.

27
80

.9
0 
±

 1
1.

13
75

.3
1 
±

 9
.1

1a
72

.4
5 
±

 6
.7

6ab

Co
nt

ro
l g

ro
up

 
(n

 =
 5

0)
14

3.
78

 ±
 1

3.
95

14
3.

46
 ±

 1
2.

84
14

1.
10

 ±
 1

3.
29

14
0.

32
 ±

 1
4.

71
a

14
0.

14
 ±

 1
0.

23
 

ab
81

.6
6 
±

 1
2.

39
80

.3
6 
±

 1
0.

74
79

.8
6 
±

 1
0.

07
78

.4
4 
±

 1
0.

45
77

.9
6 
±

 8
.6

7ab

b P
 v

al
ue

0.
67

6
0.

91
8

0.
72

9
0.

13
4

0.
02

3
0.

42
4

0.
33

3
0.

62
3

0.
11

2
 <

 0
.0

01



Page 7 of 13Li et al. BMC Geriatrics           (2023) 23:10  

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 (P < 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 

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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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 

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
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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 

Table 3 EQ‑5D utility value between two groups

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

Group At the initial phase 
of admission

In the first month 
after discharge

In the third month 
after discharge

In the sixth month 
after discharge

In the twelfth 
month after 
discharge

Intervention group (n = 51) 0.81 ± 0.13 0.84 ± 0.09a 0.86 ± 0.09a 0.91 ± 0.07a 0.95 ± 0.06a

Control group (n = 50) 0.78 ± 0.12 0.80 ± 0.10a 0.85 ± 0.08a 0.89 ± 0.08a 0.96 ± 0.04a

bP value 0.191 0.071 0.355 0.394 0.533

Table 4 Average daily medication therapy cost between two groups (RMB1)

Average daily medication therapy cost was compared with that of the group at the initial phase of admission, aP < 0.05; average daily medication therapy cost was 
compared between the two groups, bP < 0.05

Group At the initial phase 
of admission

In the first month 
after discharge

In the third month 
after discharge

In the sixth month 
after discharge

In the twelfth 
month after 
discharge

Intervention group (n = 51) 50.58 ± 26.86 45.50 ± 23.56a 42.83 ± 22.89a 39.17 ± 21.51a 35.43 ± 17.83ab

Control group (n = 50) 48.90 ± 30.84 46.07 ± 30.46 46.50 ± 30.58 45.75 ± 30.51 46.03 ± 33.13b

bP value 0.771 0.916 0.497 0.214 0.049
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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 

Table 6 Types of DRPs identified and level of intervention for each DRPs between two groups

DRPs Classification At the initial phase of admission In the twelfth month after 
discharge

Confirmed as resolved, n (%)

Intervention 
group

Control group Intervention 
group

Control group Intervention 
group

Control group

(n = 51) (n = 50) (n = 51) (n = 50) (n = 51) (n = 50)

Indication Drug without 
indication

16(18.8) 13(15.5) 5(23.8) 10(17.9) 11(17.2) 3(10.7)

Untreated indica‑
tion

6(7.1) 8(9.5) 1(4.8) 5(8.9) 5(7.8) 3(10.7)

Effectiveness Different drugs 
need to be 
selected

13(15.3) 11(13.1) 5(23.8) 8(14.3) 8(12.5) 3(10.7)

Underdose 4(4.7) 3(3.6) 0(0.0) 1(1.8) 4(6.3) 2(7.1)

Safety Adverse drug 
reaction

18(21.2) 22(26.2) 5(23.8) 16(28.6) 13(20.3) 6(21.4)

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)
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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.

Abbreviations
DRP  Drug‑related problem
MTR  Medication therapy review
NCD  Noninfectious chronic disease
HIS  The information system of Hospital
MMD  Multi‑morbidity
PASS  Power Analysis and Sample Size

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877‑ 023‑ 03725‑4.

Additional file 1. 

Acknowledgements
We would like to thank all the participants in the study for taking part in the 
study.

Authors’ contributions
NL designed all the work under the supervision of H‑LH. NL and H‑LH 
designed the research, contributed substantially with data analysis, results 
interpretations and manuscript editing and approval. J‑FS, M‑ZZ, X‑ML 
and Y‑LC collected the patients’ data and did analysis. All authors read and 
approved the final manuscript.

Funding
This work was supported by the Hospital Pharmaceutical Research Project of 
Jiangsu Pharmaceutical Association and Hengrui (No. H202025), Key project 
of Science and Technology Communication Innovation Project of National 

Medical Economic Information Network, Chinese Pharmaceutical Association 
(No. CMEI2019KPYJ 00309) and Beijing Medical Award Foundation (No. YXJL‑
2020–0276‑0009). The authors declare that they have no financial relationship 
with the organization that sponsored the research, and the funding body was 
not involved in study design, data collection, analysis and writing of the study.

Availability of data and materials
The data and the trial protocol that support the findings in this study can be 
made available through contacting the corresponding author under reason‑
able request or in the link “http:// www. medre sman. org. cn/ uc/ proje ctsh/ proje 
ctedit. aspx? proj= 4897”.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Taizhou People’s Hospital 
(No. KY 201813901), and informed consent was written from all subjects. 
All methods were carried out in accordance with relevant guidelines and 
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 April 2022   Accepted: 2 January 2023

References
 1. Fitzmaurice C, Abate D, Global Burden of Disease Cancer Collaboration, 

et al. Global, regional, and national cancer incidence, mortality, years of 
life lost, years lived with disability, and disability‑adjusted life‑years for 29 
cancer groups, 1990 to 2017: a systematic analysis for the global burden 
of disease study. JAMA Oncol. 2019;5(12):1749–68.

 2. Disease Prevention and Control Bureau of the National Health and Family 
Planning Commissio‑n. Report on Chinese residents’ chronic diseases and 
nutrition (2015). Beijing: People’s Medical Publishing House; 2015.

 3. Nguyen H, Manolova G, Daskalopoulou C, Vitoratou S, Prince M, Prina 
AM. Prevalence of multimorbidity in community settings: a system‑
atic review and meta‑analysis of observational studies. J Comorb. 
2019;9:2235042X19870934.

 4. Wang LM, Chen ZH, Zhang M, Zhao ZP, Huang ZJ, Zhang X, Li C, Guan 
YQ, Wang X, Wang ZH, Zhou MG. Study of the prevalence and disease 
burden of chronic disease in the elderly in China. Chin J Epidemiol. 
2019;40(3):277–83.

 5. Liao JX, Gong FH, Huang J, Zhang T, Zeng YY, Xiong ZX. Research status 
quo and progress on multimorbidity in elderly patients. Chin J Mod Nurs. 
2019;25(28):3569–73.

 6. Cheng YY, Cao Z, Hou J, Zhang XY, Li S, Wang YG. Investigation and asso‑
ciation analysis of multimorbidity in middle‑aged and elderly population 
in China. Chin J Dis Control Prev. 2019;23(6):625–9.

 7. Bos JM, Kalkman GA, Groenewoud H, van den Bemt PMLA, De Smet 
PAGM, Nagtegaal JE, Wieringa A, van der Wilt GJ, Kramers C. Prediction 
of clinically relevant adverse drug events in surgical patients. PLoS One. 
2018;13(8):e0201645.

 8. The Writing Committee of the Report on Cardiovascular Health and 
Diseases in China. Report on Cardiovascular Health and Diseases Burden 
in China: an Updated Summary of 2020. Chin Circ J. 2021;36(6):521–45.

 9. Zhou B, Bentham J, Cesare MD, Bixby H, Danaei G, Cowan MJ, Paciorek 
CJ, Singh G, Hajifathalian K, Bennett JE. Worldwide trends in blood 
pressure from 1975 to 2015: a pooled analysis of 1479 population‑
based measurement studies with 19.1 million participants. Lancet. 
2017;389(10064):37–55.

 10. World Health Organization. Medication safety in polypharmacy [EB/OL]. 
[2019–09–20]. https:// apps. who. int/ iris/ bitst ream/ handle/ 10665/ 325454/ 
WHO‑ UHC‑ SDS‑ 2019. 11‑ eng. pdf.

https://doi.org/10.1186/s12877-023-03725-4
https://doi.org/10.1186/s12877-023-03725-4
http://www.medresman.org.cn/uc/projectsh/projectedit.aspx?proj=4897
http://www.medresman.org.cn/uc/projectsh/projectedit.aspx?proj=4897
https://apps.who.int/iris/bitstream/handle/10665/325454/WHO-UHC-SDS-2019.11-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/325454/WHO-UHC-SDS-2019.11-eng.pdf


Page 13 of 13Li et al. BMC Geriatrics           (2023) 23:10  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 11. Hoel RW, Connolly RMG, Takahashi PY. Polypharmacy management in 
older patients. Mayo Clin Proc. 2021;96(1):242–56.

 12. Li L, Li S, Wei Y, Zhang YY, Yan LE. Prevalence and factors associated with 
polypharmacy in community‑dwelling older people: a systematic review. 
Chin Gen Pract. 2021;24(25):3161–70.

 13. Zeng P, Zhu ML, Yan XL, Liu XH. The relationship of polypharmacy 
and geriatric syndrome among elder inpatients. Chin J Clin Healthc. 
2019;22(3):322–6.

 14. Ulley J, Harrop D, Ali A, Alton S, Fowler DS. Deprescribing interventions 
and their impact on medication adherence in community‑dwelling 
older adults with polypharmacy: a systematic review. BMC Geriatr. 
2019;19(1):15.

 15. American Pharmacists Association, National Association of Chain Drug 
Stores Foundation. Medication therapy management in pharmacy prac‑
tice: core elements of an MTM service model (version 2.0)[J]. J Am Pharm 
Assoc. 2008;48(3):341–53.

 16. Granas AG, Berg C, HJellvik V, Haukereid C, Kronstad A, Blix HS, Kilhovd 
B, Viktil KK, Horn AM. Evaluating categorisation and clinical relevance 
of drug‑related problems in medication reviews. Pharm World Sci. 
2010;32(3):394–403.

 17. Almodóvar AS, Nahata MC. Associations between chronic disease, polyp‑
harmacy, and medication‑related problems among medicare beneficiar‑
ies. J Manag Care Spec Pharm. 2019;25(5):573–7.

 18. Morisky DE, Ang A, Krousel‑Wood M, Ward HJ. Predictive validity of a 
medication adherence measure in an outpatient setting. J Clin Hypertens 
(Greenwich). 2008;10(5):348–54.

 19. Hepler CD, Strand LM. Opportunities and responsibilities in pharmaceuti‑
cal care. Am J Hosp Pharm. 1990;47(3):533–43.

 20. Reeder CE. Overview of pharmacoeconomics and pharmaceutical out‑
comes evaluations. Am J Health Syst Pharm. 1995;52(19 Suppl 4):S5–8.

 21. Quinn KL, Shurrab M, Gitau K, Kavalieratos D, Isenberg SR, Stall NM, Stukel 
TA, Goldman R, Horn D, Cram P, Detsky AS, Bell CM. Association of receipt 
of palliative care interventions with health care use, quality of life, and 
symptom burden among adults with chronic noncancer illness: a system‑
atic review and meta‑analysis. JAMA. 2020;324(14):1439–50.

 22. Rencz F, Brodszky V, Gulácsi L, Golicki D, Ruzsa G, Pickard AS, Law EH, 
Péntek M. Parallel Valuation of the EQ‑5D‑3L and EQ‑5D‑5L by Time 
Trade‑Off in Hungary. Value Health. 2020;23(9):1235–45.

 23. de Oliveira DR, Brummel AR, Miller DB. Medication therapy management: 
10 years of experience in a large integrated health care system. J Manag 
Care Spec Pharm. 2020;26(9):1057–66.

 24. Chang TI, Park H, Kim DW, Jeon EK, Rhee CM, Kalantar‑Zadeh K, Kang EW, 
Kang SW, Han SH. Polypharmacy, hospitalization, and mortality risk: a 
nationwide cohort study. Sci Rep. 2020;10(1):18964.

 25. Sellors J, Kaczorowski J, Sellors C, Dolovich L, Woodward C, Willan A, 
Goeree R, Cosby R, Trim K, Sebaldt R, Howard M, Hardcastle L, Poston J. 
A randomized controlled trial of a pharmacist consultation program for 
family physicians and their elderly patients. CMAJ. 2003;169(1):17–22.

 26. Alosaimy S, Vaidya A, Day K, Stern G. Effect of a pharmacist‑driven medi‑
cation management intervention among older adults in an inpatient 
setting. Drugs Aging. 2019;36(4):371–8.

 27. Qu C, Meng L, Wang N, Chen Y, Yang X, Wang J, Sun SS, Qiu F. Identify 
and categorize drug‑related problems in hospitalized surgical patients in 
China. Int J Clin Pharm. 2019;41(1):13–7.

 28. Peterson C, Gustafsson M. Characterisation of drug‑related problems 
and associated factors at a clinical pharmacist service‑naïve hospital in 
Northern Sweden. Drugs Real World Outcomes. 2017;4(2):97–107.

 29. Kongkaew C, Methaneethorn J, Mongkhon P, Dechanont S, Taburee W. 
Drug‑related problems identified at patients’ home: a prospective obser‑
vational study in a rural area of Thailand. J Patient Saf. 2021;17(1):8–14.

 30. Wang X, Wang SH, Yu XJ, Ma Z, Wang HG, Yang J, Liu LH. Impact of 
pharmacist‑led medication therapy management in ambulatory elderly 
patients with chronic diseases. Br J Clin Pharmacol. 2021;87(7):2937–44.

 31. Hale G, Moreau C, Joseph T, Phyu J, Merly N, Tadros N, Rodriguez MM. 
Improving medication adherence in an aco primary care office with 
a pharmacist‑led clinic: a report from the acorn seed. J Pharm Pract. 
2021;34(6):888–93.

 32. Zhao XC, Xu R, Wang YG, Zhu WH, Hu HY, Shen Z, Guo C, Zhang JP. 
Impacts of pharmacist‑managed oncology outpatient clinic on resolving 
drug‑related problems in ambulatory neoplasm patients: a prospective 
study in china. Inquiry. 2021;58:469580211009662.

 33 Ramalho de Oliveira D, Brummel AR, Miller DB. Medication therapy man‑
agement: 10 years of experience in a large integrated health care system. 
J Manag Care Spec Pharm. 2020;26(9):1057–66.

 34. Luo LF, Dai HB. Literature analysis on pharmaceutical care in China. Chin 
Hosp Pharm J. 2017;37(4):319–21.

 35. Wang Ke, Hou KX, Yan SY. Current situation on medication therapy man‑
agement at home and abroad. Chin Pharm. 2018;29(5):580–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Impact of medication therapy management (MTM) service model on multi-morbidity (MMD) patients with hypertension: a pilot RCT
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Materials and methods
	Objectives
	Participants
	Study design
	Observation indicators
	Statistical analyses

	Results
	Baseline characteristics
	Systolic and diastolic blood pressure of patients
	EQ-5D utility value
	Average daily medication therapy cost
	Readmission rate
	DRPs identified in MTM

	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


