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Abstract

Background: We aimed to evaluate the efficacy and safety of combined hypoglycemic agents and insulin ther-
apy in the middle-aged and eldetly patients with diabetes through a meta-analysis.

Methods: Literature was searched in PubMed, Cochrane Library, EMbase, Web of Science, WanFang, VIP,
and CNKI databases for studies on the combined use of hypoglycemic agents and insulin therapy in the middle-
aged and elderly patients with diabetes, with a search time limit up to February 2023.

Results: This article includes 8 RCTs. The risk of bias assessment shows that one article had a low risk of bias,
one article have an unclear risk of bias, and 6 atticles have a high risk of bias. The meta-analysis results show
that the combination of hypoglycemic agents and insulin has better blood glucose control (P=0.0001); fasting
blood glucose reduction is more significant (P<0.00001); the 2-hour postprandial blood glucose reduction is
more noticeable (P=0.002); HbAlc reduction is more pronounced (P=0.005); however, there is no difference in
the incidence of adverse reactions between the two groups (P=0.09).

Conclusion: The combination of hypoglycemic agents and insulin in the treatment of middle-aged and elderly
diabetic patients can reduce the fasting blood glucose, the 2-hour postprandial blood glucose, and HbAlc, and
reduce adverse reactions. However, due to the limitations in the number and quality of the included studies, the
conclusion still requires further verification from more high-quality RCT's.
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Introduction

Diabetes, as a chronic endocrine disease, has a conditions, the aging population has increased,
higher prevalence in middle-aged and elderly and the incidence of diabetes has also risen (1,2).
populations, severely affecting their physical Diabetes is a widespread metabolic disorder
health and quality of life. In recent years, with the caused by various factors, including insulin secre-
improvement of living standards and medical tion defects, insulin resistance in insulin-sensitive
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tissues, aging, and environmental factors such as
stress and obesity (3-4). This disease can lead to
various complications, including cardiovascular
diseases, dyslipidemia, and renal failure (5). The
goal of diabetes treatment is to safely achieve and
maintain blood glucose control to reduce the risk
of microvascular and macrovascular complica-
tions and, in the long run, lower diabetes-related
mortality. However, as the disease progresses,
achieving near-normal blood glucose control be-
comes increasingly difficult, and most patients
eventually require insulin treatment (6). Insulin,
cither alone or in combination with oral hypogly-
cemic agents, can improve glucose metabolism in
the body. However, when using relatively large
doses of insulin, there is a risk of increased hypo-
glycemia (7).

The clear treatment goals for middle-aged and
elderly diabetic patients are controlling blood
glucose and reducing glycosylated hemoglobin
levels (8-10). In fact, due to the coexistence of
high blood glucose and macrovascular complica-
tions in the aged population, patients have a
greater risk of hypoglycemia when intensifying
blood glucose control (11). Moreover, due to
polypharmacy, drug-drug and drug-disease inter-
actions are more likely to occur. Thus, choosing
hypoglycemic agents for middle-aged and elderly
patients remain a controversial issue. Although
some studies show that combining hypoglycemic
agents with insulin can significantly improve
blood glucose control in aged diabetic patients
(12-13), this conclusion does not seem to have
universal support (10-14). On the other hand,
combined use may increase the susceptibility of
middle-aged and elderly diabetic patients and lead
to some adverse reactions (9, 15-18).

Therefore, we systematically evaluated the effec-
tiveness and safety of combining hypoglycemic
agents with insulin on the treatment of the mid-
dle-aged and elderly diabetic patients, aiming to
provide a basis for rational clinical medication
use.

Available at:  http://ijph.tums.ac.ir

Materials and Methods

Inclusion and exclusion criteria

Experimental group patients received insulin
combined with hypoglycemic agent (metformin,
glyburide, nateglinide, and acarbose); control
group patients received insulin combined with
placebo treatment.

1) Blood glucose control rate (Blood glucose
control rate = Number of people under blood
glucose control/total number of patients, The
target for blood glucose control is a fasting blood
glucose level of less than 7.0 mmol/L (126
mg/dL) and a blood glucose level of less than
10.0 mmol/L (180 mg/dL) 2 hours after meals
and a hemoglobin alc (HbAlc) level of less than
7%); 2) Fasting blood glucose (mmol/L); 3) 2-
hour postprandial blood glucose (mmol/L); 4)
Glycated hemoglobin (HbAlc, %); 5) Incidence
of adverse reactions.

The inclusion criteria were as follows: 1) Studies
that investigated the association between the effi-
cacy and safety of combined hypoglycemic agents
and insulin therapy in middle-aged and elderly
patients with type 2 diabetes through a meta-
analysis. 2) Randomized controlled trials (RCT's),
and the patients diagnosed with diabetes, aged
=50 years. 3) Diagnostic criteria for diabetes were
specified while meeting the conditions for the
combination of effect values in the meta-analysis,
thereby providing the corresponding effect values
and 95% confidence intervals (Cls).

The exclusion criteria were as follows: 1) Un-
published literature, dissertations, conference ab-
stracts, reviews, literature reviews, treatises, and
case reports. 2) Studies without the specific in-
formation of the research design. 3) Studies with
research topic irrelevant to the efficacy and safety
of combined hypoglycemic agents and insulin
therapy in middle-aged and elderly patients with
diabetes. 4) Articles with only hypoglycemic
agent combined with insulin group, without con-
trol group. 5) Articles with missing data or data
that cannot be extracted. 6) Duplicate publica-
tions.
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Literature search strategy

Computer searches of PubMed, Cochrane Li-
brary, EMbase, Web of Science, WanFang, VIP,
and CNKI databases were conducted to collect
published RCTs on combination therapy with
hypoglycemic agents and insulin for diabetes in
middle-aged and elderly patients. The search lan-
guages were limited to English and Chinese, and
the search period was from the database incep-
tion to February 2023. The database search was
carried out using a combination of subject terms
and free words. Chinese and English search
terms were both included hypoglycemic agents,
metformin, glyburide, nateglinide, acarbose, insu-
lin, diabetes, middle-aged, elderly, effects, adverse
reactions.

Literature screening and data extraction

Two researchers independently screened and ex-
tracted data according to the following measures:
First, carefully reviewing titles and excluding lit-
erature unrelated to the research topic. Second,
thoroughly reading the abstracts and full texts of
the remaining literature to determine whether to
include them in the study. Finally, if necessary,
contacting the original researchers to obtain un-
certain information. In addition, the extracted
data included the basic information of the study
(such as author, and year of publication), baseline
characteristics of the study subjects and interven-
tion measures, bias risk assessment points of
concern, and the original data of the outcome
indicators of interest.

Bias risk assessment of included studies

We used a randomized controlled trial (RCT) risk
assessment tool recommended by the Cochrane
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Collaboration in included studies. The evaluation
tool covers seven key areas: random sequence
generation, assignment concealment, implemen-
tation of double-blind methods (including partic-
ipant and researcher blinding), blinding of results
evaluation, processing of incomplete results data,
selective results reporting, and other potential
sources of bias, thus providing a comprehensive
reflection of the quality of trial design, implemen-
tation, and reporting. The evaluation was per-
formed independently by two researchers, and
the results were then crosschecked to ensure the
objectivity and accuracy of the evaluation.

Statistical methods

Continuous data were analyzed using the stand-
ard mean difference (SMD) and 95% CI, while
binary variables were analyzed using the risk ratio
(RR) and 95% CI. Heterogeneity among the in-
cluded studies was assessed using the Chi® test
and I* test. Considering that the literature comes
from different countries and regions, we adopted
random effects model regardless of heterogenei-
ty. The regression coefficient is treated as a ran-
dom variable. A funnel plot was used to assess
publication bias among the included studies. A
two-sided P < 0.05 was considered statistically
significant. Statistical analysis was performed us-
ing RevMan 5.3 software.

Results
Literature screening process
Through the initial search, 2321 eligible articles

were obtained. Finally, 8 eligible RCTs were in-
cluded (Fig. 1).
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Identification of studies via databases

c Records identified from:
-% PubMed/Cochrane Library/ Records removed before
© /Embase/Web of science/ L screening:
§ Wanfang/CNKI/ VIP Duplicate records removed (n
8 Databases (n =2321) = 259)
\ 4
Records excluded after reading
g]ei:ozrgg;)creened —»| abstract by way of off-topic
(n =1843)
\ 4
Reports sought for retrieval »| Full text unavailable
= (n=219) (n=13)
=
g
8 \4
(n =206) The intervention does not
match (n = 94)
Critical data missing (n = 69)
No control group(n=34)
Not RCT (n=1)
N’
\ 4
§ Reports of included studies
= —
2 (n=28)

Fig. 1: Literature screening process and results

the included studies were from 2007 to 2021, and
five of the studies were conducted in China.

Basic characteristics of included literature
The basic characteristics of the included literature
are shown in Table 1. The publication years of
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Table 1: Basic characteristics of the included literature

Author Year. of Sample size Age (years) BMI ( kg/m? ) Ending indi-
publica- . 2 cators
tion Experi- Control
mental group
group
Chen 2021 China 44 44 50.57£5.34 | 50.63%5. / / 3 O @B@®
(17) 35 month
s
Cui (12) 2015 China 55 55 58+9 619 2416 2512 lyear | O @@®
Da- 2007 UK 26 29 65.819.2 655189 | 31.0%£4.0 30.9 £ / O @G
shora 5.5
®)
Janka 2007 Ger- 67 63 69.312.8 69.6+4.1 28.9%3.4 28.91+3.3 / @ @O
© many
Li(15) 2019 China 72 72 68.41%£4.46 | 68.92%4. / / / ® @6
75

Liu (13) 2016 China 50 50 571 %64 @ 57.4%6.2 / / 3 ® oG

month

s

Mu (10) 2012 China 58 67 62.614.7 62.314.6 25.0%2.6 253125 | lyear | O Q@B3)®
Yilmaz 2007 Turkey 15 19 62.6%6.6 61.5%+12. 31.3+3.7 28.2%+5.9 0.5 @R®
(14) 0 years

Note: 1, BMI: Body Mass Index (BMI); 2, "/" indicates missing data.

3, Outcome indicators: (1) Blood glucose control rate; (2) Fasting blood glucose; (3) 2-hour postprandial blood glu-
cose; (4) Glycated hemoglobin (HbAlc); (5) Adverse reaction incidence rate. Measurement data are expressed in the
form of mean and standard deviation

Risk of bias assessment of included literature risk of bias, and 6 articles had a high risk of bias,
The risk of bias assessment shows that one article as shown in supplementary Fig. S1 and S2.
had a low risk of bias, one article had an unclear

Random sequence generation (selection bias) _

Allocation concealment (selection bias) _ |

Blinding of participants and personnel (performance bias) - -
Blinding of outcome assessment (detection bias) -:—
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

other bias N

0% 25% 50% 75%  100%

. Low risk of bias D Unclear risk of bias . High risk of bias

Fig. S1: Risk of bias graph
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= | Blinding of participants and personnel (performance bias)

~ @ @ ®| @ | @ Binding of outcome assessment (detection bias)

-~ | Allocation concealment (selection bias)
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Fig. S2: Risk of bias summary

Meta-analysis results with hypoglycemic agents combined with insulin,
A total of 4 studies (8,10,12,17) comparing the indicating that the combination of hypoglycemic
blood glucose control rate after treatment with agents and insulin had a better blood glucose
hypoglycemic agents combined with insulin ver- control effect [RR=1.30, 95%CI (1.14,1.50),
sus the control group were included (I*=6%), P=0.0001] (Fig. 2). The publication bias test
involving 183 patients in the experimental group found that all literature was within the funnel,
and 195 patients in the control group. The blood indicating no publication bias (Fig. S3).

glucose control rate was higher after treatment

Experimental Control Risk Ratio Risk Ratio

Chen 2021 42 44 34 44  52.8% 1.24 [1.04, 1.47]

Cui 2015 50 55 36 55 37.8% 1.39[1.13, 1.71] L
Dashora 2007 9 26 11 29 3.7% 0.91 [0.45, 1.85] 1
Mu 2012 22 58 14 67 5.6% 1.82[1.03, 3.21] -
Total (95% ClI) 183 195 100.0% 1.30 [1.14, 1.50] ‘
Total events 123 95

Heterogeneity: Tau? = 0.00; Chi? = 3.19, df = 3 (P = 0.36); I> = 6%

Test for overall effect: Z = 3.82 (P = 0.0001) 0.01 01 ! 10 100

Favours [experimental] Favours [control]

Fig. 2: Forest plot for comparison of glycaemic control rates
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Fig. S3: Funnel plot for comparison of blood glucose control rates

Fasting blood glucose

Seven studies (9,10,12-15,17) comparing fasting
blood glucose after treatment with hypoglycemic
agents combined with insulin versus the control
group were included (I’=77%), involving 361
patients in the experimental group and 370 pa-
tients in the control group. The reduction in fast-
ing blood glucose was more significant after
treatment with hypoglycemic agents combined

Experimental Control

Chen 2021 6.21 0.96 44 762 1.14 44
Cui 2015 524 04 55 6.01 11 55
Janka 2007 6.1 14 67 72 22 63
Li 2019 7.26 2.03 72 993 1.86 72
Liu 2016 58 13 50 71 17 50
Mu 2012 535 0.35 58 5.46 0.34 67
Yilmaz 2007 599 13 15 6.22 0.85 19
Total (95% CI) 361 370

13.7%
14.9%
15.6%
15.4%
14.6%
15.5%
10.4%

100.0%

Heterogeneity: Tau? = 0.14; Chi? = 25.88, df = 6 (P = 0.0002); I? = 77%

Test for overall effect: Z = 4.94 (P < 0.00001)

Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight V. Random.95% Cl

with insulin, indicating that the combination of
hypoglycemic agents and insulin had a better
blood glucose-lowering effect [SMD=-0.82,
95%CI (-1.14,-0.49), P<<0.00001] (Fig. 3). The
publication bias test found that the literature was
symmetric on both sides of the funnel, suggesting
no publication bias (Fig. S4).

Std. Mean Difference

1V, Random, 95% Cl
1.33[1.79,-086] —

-0.92 [1.32, -0.53] —

-0.60 [-0.95, -0.25] —

1.36[1.73,-1.00) T

-0.85 [-1.26, -0.44] —

-0.32 [-0.67, 0.04] —

-0.21 [-0.89, 0.47] R
-0.82 [-1.14, -0.49] S

2 1 0 1 2

Favours [experimental] Favours [control]

Fig. 3: Forest plot for comparison of fasting blood glucose
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Fig. S4: Funnel plot of fasting blood glucose comparison

Postprandial 2-hour blood glucose

Six studies (10,12-15,17) comparing postprandial
2-hour blood glucose after treatment with hypo-
glycemic agents combined with insulin versus the
control group were included (I’=96%), involving
294 patients in the experimental group and 307
patients in the control group. The reduction in
postprandial 2-hour blood glucose was more sig-
nificant after treatment with hypoglycemic agents

Experimental Control

(e O vjele ear d dall

Chen 2021 719 1.09 44 8.89 1.63
Cui 2015 7.03 0.74 55 7.69 0.69
Li 2019 8.26 2.11 72 10.79 2.33
Liu 2016 78 1.1 50 102 13
Mu 2012 6.96 0.53 58 7.1 0.31
Yilmaz 2007 9.92 2.31 15 10.27 2.65
Total (95% Cl) 294

Test for overall effect: Z = 3.17 (P = 0.002)

44
55
72
50
67
19

307

100.0%
Heterogeneity: Tau? = 0.92; Chi? = 130.19, df = 5 (P < 0.00001); I = 96% -

combined with insulin, indicating that the com-
bination of hypoglycemic agents and insulin had
a better blood glucose-lowering effect [SMD=-
1.33, 95%CI (-2.15, -0.51), P=0.002] (Fig. 4). The
publication bias test found that the literature
symmetry is poor, suggesting that there may be
publication bias in the included literature (Fig.
S5).

Mean Difference Mean Difference

Random. 95% Cl IV. Random, 95% Cl

-1.70 [-2.28, -1.12] ——

-0.66 [-0.93, -0.39] -

-2.53 [-3.26, -1.80] —

-2.40 [-2.87, -1.93] -

-0.14 [-0.30, 0.02] =

-0.35 [-2.02, 1.32] —T
-1.33 [-2.15, -0.51] -

4 -2 0 2 4

Favours [experimental] Favours [control]

Fig. 4: Forest plot for comparison of blood glucose at 2 hours postprandial
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Fig. S5: Funnel plot of blood glucose comparison at 2 hours after a meal

HbAlc

Eight studies (8-10,12-15,17) comparing HbAlc
after treatment with hypoglycemic agents com-
bined with insulin versus the control group were
included (I’=95%), involving 387 patients in the
experimental group and 399 patients in the con-
trol group. The reduction in HbAlc was more
significant after treatment with hypoglycemic

Experimental Control

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI

Chen 2021 6.81 1.23 44 7.82 1.26 44
Cui 2015 57 0.7 56 6.1 141 55
Dashora 2007 78 14 26 83 1 29
Janka 2007 7 16 67 74 138 63
Li 2019 4.73 1.96 72 718 2.03 72
Liu 2016 7.31 0.32 50 9.28 0.42 50
Mu 2012 6.15 0.71 58 6.34 0.68 67
Yilmaz 2007 7.7 1.8 15 76 12 19
Total (95% ClI) 387 399

12.7%
12.9%
12.4%
13.0%
12.9%
11.2%
12.9%
11.9%

100.0%

Heterogeneity: Tau? = 0.95; Chi? = 141.62, df = 7 (P < 0.00001); 1> = 95%

Test for overall effect: Z = 2.84 (P = 0.005)

agents combined with insulin, indicating that the
combination of hypoglycemic agents and insulin
had a better blood glucose-lowering effect
[SMD=-1.01, 95%CI (-1.71, -0.31), P=0.005], as
shown in Fig. 5. The publication bias test found
that the literature symmetry was good, suggesting
that there was no publication bias in the included
literature (Fig. S0).

Std. Mean Difference Std. Mean Difference

IV, Random, 95%Cl

-0.80 [-1.24, -0.37]
-0.43 [-0.81, -0.05]
-0.41 [-0.94, 0.13]
-0.23 [-0.58, 0.11]
-1.22 [-1.58, -0.86]
-5.24 [-6.07, -4.40]
-0.27 [-0.63, 0.08]

0.07 [-0.61, 0.74]

’ %4 +-|-|-I"

-1.01 [-1.71, -0.31]

-4 -2 0 2 4
Favours [experimental] Favours [control]

Fig. 5: Forest plot for HbAlc comparison
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Incidence of adverse reactions

Seven studies (8,9,10,12,13,15,17) comparing the
incidence of adverse reactions after treatment
with hypoglycemic agents combined with insulin
versus the control group were included (I’=59%),
involving 372 patients in the experimental group
and 380 patients in the control group. There was
no difference in the incidence of adverse reac-

Experimental Control

r r Even Total Events Total Weigh
Chen 2021 4 44 17 44 141%
Cui 2015 5 55 15 55 15.1%
Dashora 2007 9 26 1 29 18.9%
Janka 2007 32 67 27 63 24.4%
Li 2019 4 72 3 72 9.1%
Liu 2016 3 50 6 50 10.3%
Mu 2012 2 58 5 67 8.1%
Total (95% ClI) 372 380 100.0%
Total events 59 84

Heterogeneity: Tau? = 0.27; Chi? = 14.48, df = 6 (P = 0.02); I* = 59%
Test for overall effect: Z = 1.70 (P = 0.09)

tions between the patients treated with hypogly-
cemic agents combined with insulin and the con-
trol group [RR=0.63, 95%CI (0.36,1.07), P=0.09],
as shown in Fig. 6. The publication bias test
found that the literature symmetry was good,
suggesting that there was no publication bias in
the included literature (Fig. S7).

Risk Ratio Risk Ratio
M-H. Random % CI M-H. Random % CI
0.24 [0.09, 0.64] —
0.33[0.13, 0.85] -
0.91[0.45, 1.85) .
1.11 [0.76, 1.63] N
1.33[0.31, 5.75] e
0.50[0.13, 1.89] 1
0.46 [0.09, 2.29] D
0.63 [0.36, 1.07] P
001 041 1 10 100

Favours [experimental] Favours [control]

Fig. 6: Forest plot for comparison of incidence of adverse reactions
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Fig. S7: Funnel plot comparing the incidence of adverse reactions

Discussion

In recent years, diabetes has gradually become a
serious factor affecting patients' health, especially
in middle-aged and elderly people with various
underlying diseases. Poor blood glucose control
can affect vital organs, aggravate the condition of
diabetic patients, and even endanger their lives.
In this study, we defined the lower age limit for
"middle-aged and elderly" as 50 years. This
threshold is based on considerations of early
physiological changes, as patients may begin to
exhibit age-related abnormalities in glucose me-
tabolism during this period (2,6,19).

This study conducted a meta-analysis to compare
the efficacy and safety of insulin alone versus
combined use of hypoglycemic drugs and insulin
on the treatment of middle-aged and elderly pa-
tients with diabetes.

The results showed that compared with insulin
alone, the combination therapy significantly im-
proved blood glucose control, reducing fasting
blood glucose, 2 hours postprandial blood glu-
cose, and HbAlc levels. These findings highlight
the advantages of combination therapy in im-
proving blood glucose control. Compared with
previous studies, the results of this paper support

1360

the effectiveness of the combined use of hypo-
glycemic drugs and insulin in improving the ther-
apeutic effect, which is consistent with the con-
clusions reported in some literatures (12, 13, 17).
At the same time, this study found that the com-
bination was not found to increase the risk of
adverse effects. The previous study indicated that
combination therapy might not improve treat-
ment outcomes or even increase the risk of ad-
verse reactions (10). The differences may result
from the study population and regional varia-
tions.

However, some studies believe that the com-
bined use of the two drugs cannot improve the
treatment effect and may even cause some ad-
verse reactions due to the interaction between the
drugs (9, 20). Another study investigated the effi-
cacy and safety of dapagliflozin (an SGLT-2 in-
hibitor) combined with oral hypoglycemic agents.
The results showed that the combination of
dapagliflozin and oral hypoglycemic agents effec-
tively reduced HbAlc and body weight, without
increasing the incidence of hypoglycemia, alt-
hough it may lead to an increased risk of urinary
tract infections and genital infections (21). The
efficacy improvement observed in this study may
be attributed to a variety of mechanisms; first,
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hypoglycemic drugs may cooperate with insulin
to play a better hypoglycemic effect by improving
the function of islet beta cells and enhancing tis-
sue sensitivity to insulin. In addition, different
types of hypoglycemic drugs may interact with
insulin therapy through their own unique mecha-
nisms of action to achieve optimal blood glucose
control.

Limitations of this study: 1) Although we have
tried our best to collect literature during the liter-
ature search, due to limited conditions, the in-
cluded literature may not be comprehensive
enough; 2) The sample size is relatively small, and
many small-sample studies may not be included,
which could potentially change the final conclu-
sion; 3) Because the information provided in the
literature is very limited. We were unable to ob-
tain meaningful subgroup analysis results and
agree that the source of heterogeneity could not
be clarified; 4) The interventions in the included
studies are not completely consistent during im-
plementation, which may lead to clinical hetero-
geneity, and the source of some clinical hetero-
geneity cannot be found, which may have an im-
pact on the conclusions. 5) There were no data
on the severity of adverse reactions in the includ-
ed literature, but detailed descriptive data were
lacking, so we could not classify severe reactions
as mild, symptomatic, asymptomatic, moderate,
or severe. 6) The incomplete search strategy is
one of the defects of our research. This may af-
fect the reliability and comprehensiveness of the
results. 7) This study did not carry out mecha-
nism mining and clinical and policy research, so
we could not carry out comprehensive discus-
sion.

Conclusion

The combination of hypoglycemic agents and
insulin treatment for diabetes in middle-aged and
elderly patients has better efficacy and does not
increase adverse reactions. The findings of this
study have potential value in guiding the clinical
treatment of middle-aged and elderly patients
with diabetes, highlighting the importance of
considering combination medication in the selec-

Available at:  http://ijph.tums.ac.ir

tion of treatment regimens and the need for indi-
vidual evaluation of patients in actual clinical
practice. In addition, these results also provide a
basis for formulating relevant health policies, es-
pecially in optimizing treatment strategies and
improving treatment outcomes in middle-aged
and elderly patients with diabetes. Finally, given
the limitations of the study, we call for future re-
search to focus on higher quality clinical trials to
validate the conclusions of this study and further
explore the optimal model of combination thera-
py with different hypoglycemic agents and insu-
lin.
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