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Abstract

Background: Metformin is an oral anti-diabetic drug widely recognized as the first-line therapy in the treatment of Type 2 Diabetes
Mellitus (T2DM). Aim: To assess the impact of metformin on glycemic control, insulin dosage, and side effects in poorly controlled,
insulin-treated type 2 diabetes patients. Patients and methods: A comprebensive literature search was conducted nsing electronic
databases such as PubMed, Embase, Cochrane Library, and Web of Science. The search terms included "metformin," "insulin," "type
2 diabetes,” "poorly controlled,” and "randomized controlled trial.”" The search was limited to studies published in English up to
December 2022. Results: The study analyzed three studies on total cholesterol levels at follow-up, LDL follow-np, HDL. at follow-
up, and triglycerides at follow-up. A non-significant heterogeneity was detected, resulting in a non-significant difference between groups.
A random-effect model was used for analysis, revealing a combined mean difference of -0.11 and 95% Cls of -2.66. The combined
results showed no statistically significant difference between groups regarding 1.DL. baseline (Z = 1.73, P = 0.08), HDL at follow-
up (Z =1.87, P = 0.06), and triglycerides (Z = 1.04, P=0.30). A highly significant heterogeneity was detected in the Side Effect
(Two studies reported), demonstrating a highly statistically significant difference between groups regarding this effect (Z = 7.01, P
<0.001). The results suggest that a combination of factors may influence cholesterol levels and triglycerides at follow-up. Conclusion:
Metformin significantly improves diabetes duration, insulin therapy duration, and glycated hemoglobin levels in Type 2 diabetes patients,
with moderate side effects risk. Further studies are needed for long-term safety.
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Introduction

As a chronic metabolic disease with complex pathogenesis, type 2 diabetes mellitus (T2ZDM) refers to a
spectrum of systemic illnesses related to glucose metabolism, lipid metabolism, and amino acid metabolism
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Yet, there is no cure for T2DM, while its prevalence is largely increasing, with increased risk of

complications including diabetic retinopathy, neuropathy, kidney damage, and cardiovascular complications

Q).

Metformin is an oral anti-diabetic drug accepted as first line therapy in the treatment of T2DM (3) It not
only improves glycaemic control by enhancing insulin sensitivity in the liver and muscles but also increases
insulin receptor tyrosine kinase activity, stimulates glucose transport and glycogen synthesis, and reduces
both hepatic gluconeogenesis and glycogenolysis (4).

Weight gain is a common adverse effect of some glucose-lowering drugs, especially insulin treatment, while
metformin is associated with stable or decreased weight (5).

A total of 5 studies were selected for the current analysis, including a total of 988 patients.

This study was aim to assess the impact of metformin on glycemic control, insulin dosage, and side effects
in pootly controlled, insulin-treated type 2 diabetes patients.

Patients and methods

A comprehensive literature search was conducted using electronic databases such as PubMed, Embase,

Cochrane Library, and Web of Science. The search terms included "metformin," "insulin," "type 2
diabetes," "poorly controlled," and "randomized controlled trial." The search was limited to studies
published in English up to December 2022.

Study Selection and Inclusion Criteria:

For this meta-analysis, studies were selected based on the following criteria: Study Design: Randomized
controlled trials comparing metformin with placebo in patients with pootly controlled, insulin-treated type
2 diabetes mellitus; Population: Adult patients with type 2 diabetes who were on insulin therapy and had
poor glycemic control; Intervention: Metformin as an adjunct to insulin therapy; Comparison: Placebo in
addition to insulin therapy; Outcomes: Primary outcomes included changes in HbAlc, fasting plasma
glucose, and daily insulin dose, while secondary outcomes included lipid profile and side effects.

Exclusion Criteria: Studies involving patients with type 1 diabetes mellitus or gestational diabetes ,non-
randomized studies, observational studies, or studies without a control group and studies with insufficient
data for meta-analysis.

Data extraction: Two independent reviewers extracted data from the selected studies using a standardized
data extraction form. The extracted data included: Study characteristics: author, year, country, study design,
sample size, and study duration. Patient characteristics: age, sex, duration of diabetes, duration of insulin
therapy, baseline HbAlc, and baseline insulin dose. Outcome measures: changes in HbAlc, FPG, daily
insulin dose, lipid profile, and side effects.

Statistical Analysis

We performed all data analyses using Review Manager version 5.4.1. (Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014). We calculated the odds ratio with 95% confidence interval (CI)
for binary outcomes. We calculated mean difference with 95% CI for continuous outcomes. To calculate
the overall effect, estimate with 95% CI, we used a fixed-effect model with the method of Mantel-Haenszel
when there is no evidence of heterogeneity between studies. Otherwise, a random-effects model with the
method of DerSiomonian and Laird was chosen. Heterogeneity between studies was evaluated using the Q
statistic and I? test which describe the percentage of variability in the effect estimates. A P value of < 0.05
was considered significant.
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A total of 5 studies were selected for the current analysis, including a total of 988 patient. The publication
year ranged from 1992 to 2016., 1 study was conducted in each of the following: California, America,
Netherlands and Italy. Baseline characteristics of included studies are demonstrated in Table 1.

Stufiyd Sample Size
Author, year Zf countr | perio Study design
y fro Metfor | Plac | tot
to .
m min ebo | al
Larissa Avile’s- | 20 | Califor Randomized, controlled
Santa. 2016 16 | nia trial 21 22 43
MICHIEL G. | 20 Randomized controlled 35
WULFFELE 2002 02 double-blind trial 171 182 3
Alan  J. Gartber MD | 19 | Americ | 19 | 19 | Double-blind, dose- 73 79 15
1994 94 | a 90 | 94 | response study 2
20 | Netherl Randomized, controlled 39
Adriaan Kooy 2008 | 08 | ands trial 196 194 0
19 Prospective, randomised,
D. Giugliano 1992 92 | Italy trial 27 23 50

Table2. Patient's characteristics

The mean participants’ age in studied groups was 51.88 ranging from 35 to 69 years, and gender was
reported in 5 studies with 469 male and 519 female as shown in table 2.

Age (year) Sex
Metformin Placebo Metformin Placebo
Auth
uthor, year me 1S ot lme |8 |iof | ma |fema|tot | | fema | tot
¢ D ° ¢ D ° a le al a le al
an al an al le le
Larissa Avile’s-Santa 9.
2016 531 | 4 21 | 546 |78 22 |6 15 21 10 12 22
MICHIEL G. 9. |17 11. | 18 17 18
WULFFELE 2002 3218 [1 |91 |2 [T [P |1 |11 |,
Alan J. Garber MD 1994 | 57 10 | 73 | 55 11 |79 | 45 28 73 | 44 | 35 79
19 19 19 19
Adriaan Kooy 2008 64 10| 6 59 11 | 4 81 115 6 97 | 97 4
D. Giugliano 1992 60 1 |27 |608 [ 11|23 |10 17 27 |9 14 23

Duration of diabetes (years):

4 studies reported (Duration of diabetes) and all can be used. A non-significant heterogeneity was detected.
Therefore, a random-effect model was used for analysis (I* = 51%, P=0.11). The combined mean difference
and 95% Cls was 0.73 (0.15 to 1.30). The combined result demonstrates statistically significant difference
between groups regarding (Duration of diabetes) (Z = 2.48, P =0.01).
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Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Adriaan Kooy 2008 14 9 186 12 B 194 116% 2.00[0.31,3.69]
D. Giugliano 1982 119 1.2 27 115 12 23 T42% 040[027 1.07]
Larissa Avile's-Santa 2016 92 64 21 101 47 22 29% -080[4.27 247 I
MICHIEL G. WULFFELE 2002 14 84 171 12 B 182 113% 200[0.28 3.71] —
Total (95% CI) 415 421 100.0% 0.73[0.15,1.30] "
Heteropeneity: Chif= 612, df= 3 (P =011, F=51% _250 -1IIZ| 3 1ID EID
Testforoverall effect: 2= 2.48 (F = 0.01) Favours [experimental] Favours [control]

Figure 1. Forest plot of duration of diabetes demonstrates statistically significant difference between Metformin and
Placebo groups.

Duration of insulin therapy (years):

3 studies reported (Duration of insulin therapy) and all can be used. A non-significant heterogeneity was
detected. Therefore, a random-effect model was used for analysis (1> = 0%, P=0.79). The combined mean
difference and 95% Cls was 1.02 (0.08 to 1.95). The combined result demonstrates statistically significant
difference between groups regarding (Duration of insulin therapy) (Z = 2.12, P =0.03).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Adrigan Kooy 2008 T8 198 6 6 194 448% 1.00[0.40 2400
Larissa Awile’'s-Santa 2016 54 5 M 35 42 22 11A% 180F087 467
MICHIEL G.WILFFELE 2002 5 78 171 57 89 182 4389% D0DBDFDET, 221]
Total {95% Cl) 388 398 100.0% 1.02[0.08,1.95]
Heterogeneity, Chf= 048, df= 2 (P =0.79); P= 0% —2=EI _150 ! 1ID QID
Testfor overall effect 2= 212 (F = 0.03) Favours [experimental] Favours [control]

Figure 2. Forest plot of duration of insulin therapy demonstrates statistically significant difference between
Metformin and Placebo groups.

GH b (% Hb) Baseline:

3 studies reported (GH b (% Hb) at Baseline) and all can be used. A non-significant heterogeneity was
detected. Therefore, a random-effect model was used for analysis (I* = 0%, P=0.79). The combined mean
difference and 95% ClIs was -0.01 (-0.18 t00.16). The combined result demonstrates no statistically
significant difference between groups regarding (GH b (% Hb) at Baseline) (Z = 0.15, P =0.88).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean SD Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% Cl
Adriaan Kooy 2008 TH 12 186 78 1.2 184 A01% 0.00F0.24,0.24)
Larisga Avile"s-Santa 2016 9 14 N 81 s 220 38% -010F097 077
MICHIEL G.\WULFFELE 2002 7.86 117 171 788 121 182 461% -002}0.27, 023
Total (95% Cl) 388 398 100.0% -0.01[-0.18,0.16]
Heterogeneity: Chi*= 0.05, df= 2 (P =097 F= 0% -5IIJ _255 : 255 EID
Test for overal effect 2= 0.15 (F = 0.58) Favours [experimental] Favours [control]

Figure 3. Forest plot of GH b (% Hb) at Baseline demonstrates no statistically significant difference between
Metformin and Placebo groups.
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GH b (% Hb) at follow up

3 studies reported (GH b (% Hb) at follow up) and all can be used. A significant heterogeneity was detected.
Therefore, a random-effect model was used for analysis (I> = 91%, P=0.001). The combined mean
difference and 95% Cls was -0.37 (-0.56 to -0.18). The combined result demonstrates statistically significant
difference between groups regarding (GH b (% Hb) at follow up) (Z = 3.73, P =0.0002).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Adriaan Kooy 2008 711 186 A 11 194 TEB%  -0.20[-0.42 007
Larissa Avile's-Santa 2016 5 06 2 TR 08B 22 MI% -1.00F1.42-058]
MICHIEL G, WULFFELE 2002 182 6.94 (1Nl | 0 Mot estimahle
Total (95% Cl) 27 216 100.0% -0.37 [-0.56, -0.18]
Heterogeneity, Chi*= 1091, df=1 (F=0.0010); F=91% _550 _255 7 215 550
Testfor overall effect 2= 3.73 (F = 0.0002) Favours [experimental] Favours [control]

Figure 4. Forest plot of GH b (% Hb) at follow up demonstrates statistically significant difference between
Metformin and Placebo groups.

Change in GH b (% Hb):

3 studies reported (Change in GH b (% Hb) and all can be used. A significant heterogeneity was detected.
Therefore, a random-effect model was used for analysis (I = 76%, P=0.04). The combined mean difference
and 95% Cls was -0.78 (-0.91 to -0.66). The combined result demonstrates statistically significant difference
between groups regarding (Change in GH b (% Hb)) (Z = 12.46, P < 0.00001).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% CI
Adtiaan Kooy 2008 02 06 186 o0 Mot estimable

Larissa Avile's-3anta 2016 25 03 1 16 025 22 556% -0.90(1.07-073
MICHIEL G.WULFFELE 2002 -091 0983 171 -0.27 084 182 444% -064[0.83,-0.45)

Total {95% CI) 388 204 100.0% -0.78[-0.91,-0.66]
Heterogeneity, Chi*= 421, df=1 (P = 0.04); F = 76% -!%D _255 ; 255 SID
Testior overal efect 2= 12,45 F < 0.00001) Favours [experimental] Favours [control]

Figure 5. Forest plot of change in GH b (% Hb) demonstrates statistically significant difference between
Metformin and Placebo groups.Daily dose of insulin (IU/day) at baseline

Four studies reported (Daily dose of insulin (IU/day) at baseline) and all can be used. A non-significant
heterogeneity was detected. Therefore, a random-effect model was used for analysis (12 = 0%, P =0.76).
The combined mean difference and 95% Cls was 0.30 (-2.94 to 3.55). The combined result demonstrates
non-statistically significant difference between groups regarding (Daily dose of insulin (IU/day) at baseline)
(Z = 0.18, P =0.85).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Adriaan Kooy 2008 G2 29 186 G4 25 194 36.5% -2.00[-7.37,3.37]
D. Giugliano 1992 g0 ] 27 28 9.4 23 40.0% 200[-3.13,713]
Latisza Avile's-Santa 2016 96.2 449 21 869 434 22 1.58% -070[27.11,25.71]
MICHIEL G. WIJLFFELE 2002 71331 171 699 332 182 22.0% 1.10[-5.82,8.02] -
Total (95% Cl) 415 421 100.0% 0.30 [-2.94, 3.55] [
?etn:;ugenemil:l C;| T12180 ?fS:F?EPD:Sg.?B); F=0% Hoo A0 B P o0
estforoverall effect 7= 0.13 (F = 0.85) Favours [experimental] Favours [control]
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Figure 6. Forest plot of Daily dose of insulin at baseline demonstrates non-statistically significant difference

between Metformin and Placebo groups

Daily dose of insulin (IU/day) at follow up:

Four studies reported (Daily dose of insulin (IU/day) at follow up) and all can be used. A highly significant
heterogeneity was detected. Therefore, a random-effect model was used for analysis (I* = 91%, P <0.001).
The combined mean difference and 95% Cls was -11.00 (-15.63 to -6.38). The combined result
demonstrates highly statistically significant difference between groups regarding (Daily dose of insulin
(IU/day) at follow up) (Z = 4.66, P <0.001).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Adriaan Kooy 2008 74 50 1896 100 59 194 181% -25.00[35.86,-14.14] —
D. Giugliano 1992 a4 7T 27 858 82 23 364% -17.40[25.06,-9.74] &
Latissa Avile’'s-Santa 2016 10073 251 21 T4 2478 22 96%  26.63[11.71, 41.59] e
MICHIEL G. WIJLFFELE 2002 638 403 171 F1.3 332 182 35.8% -7A0F15.23,0.23) —
Total (95% CI) 415 421 100.0% -11.00 [-15.63, -6.38] L 2
Tt o averl offec 7= 456 @ <0000y S T S ST
ST : Favours [experimental] Favours [control]

Figure 7. Forest plot of Daily dose of insulin at follow up demonstrates highly statistically significant difference
between Metformin and Placebo groups.

Change in Daily dose of insulin (IU/day)

Four studies reported (change in Daily dose of insulin (IU/day)) and all can be used. A highly significant
heterogeneity was detected. Therefore, a random-effect model was used for analysis (I2 = 99%, P <0.001).
The combined mean difference and 95% Cls was 0.39 (-1.22 to -2.00). The combined result demonstrates
non-statistically significant difference between groups regarding (change in Daily dose of insulin (IU/day))
(Z = 0.47,P =0.64).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean 50 Total Weight IV, Fixed, 85% CI IV, Fixed, 95% CI
Adriaan Kooy 2008 -13 21 186 -36 34 194 BI%  23.00[17.38, 28632 -
D. Giugliano 1992 216 a7 27 22 0z 23 241%  19.40[16.12, 22.68] -
Larissa Avile s-Santa 2016 -4.53 18.79 21 228 1862 22 20% -27.33[38.83,-15.83] —
MICHIEL G. WULFFELE 2002 -7.2 10 171 1.4 9 182 657%  -8.60[10.459, -6.61] [ |
Total (95% CI) 415 421 100.0% 0.39 [-1.22, 2.00]
i _ Ee \ . ,
?et?;ogenewl.l CQ ;;gljﬁgf'?d;_—gu(:: 0.00001); F=199% Moo 0 b a0 PP
estfor ovarall effect Z= 0.47 (P = 0.64) Favours [experimental] Favours [control]

Figure 8. Forest plot of change in Daily dose of insulin demonstrates non-statistically significant difference between
Metformin and Placebo groups.

Fasting plasma glucose level, mg/dl at baseline

one study reported (Fasting plasma glucose level at baseline) and all can be used. The combined mean
difference and 95% Cls was -21.30 (-64.23 to 21.63). The combined result demonstrates no statistically
significant difference between groups regarding (Fasting plasma glucose level at baseline) (Z = 0.97, P
=0.33).
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Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Larigsa Avile's-Santa 2016 1972 74 2 2185 694 22 1000% -21.30}64.23, 2163 —l——
Total (95% CI) 2 22 100.0% -21.30[-64.23, 21.63] -q-—
Heterogeneity: Mot applicable | | I ! |
Testfor averall effect Z= 0,97 (P= 0.3 - ’ o o0
estfor overall effect 2= 0.7 (F=0.33) Favours [experimental] Favaurs [control]

Figure 9. Forest plot of Fasting plasma glucose level at baseline demonstrates no statistically significant difference
between Metformin and Placebo groups.

Fasting plasma glucose level, mg/ dl at follow up:

One study reported (Fasting plasma glucose level at follow up) and all can be used. The combined mean
difference and 95% ClIs was -19.70 (-33.53 to -5.87). The combined result demonstrates statistically
significant difference between groups regarding (Fasting plasma glucose level at follow up) (Z = 2.79, P
=0.005).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Larissa Avile's-Santa 2016 1341 200 21 1838 26 27 1000% -19.70[33.53,-5.87]
Total (95% CI) 21 27 100.0% -19.70 [-33.53,-5.87] *
I SN
estfor overall efect 2= 279 (P = 0.003) Favours [experimeantal] Favours [contral)

Figure 10. Forest plot of Fasting plasma glucose level at follow up demonstrates statistically significant difference
between Metformin and Placebo groups.

Change in Fasting plasma glucose level, mg/dl

One study reported (change in Fasting plasma glucose level) and all can be used. The combined mean
difference and 95% Cls was 1.60 (-8.21 to 11.41). The combined result demonstrates no statistically
significant difference between groups regarding (change in Fasting plasma glucose level) (Z = 0.32, P
=0.75).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Fixed, 95% C IV, Fixed, 95%Cl
Latissa Avile's-Sanda 2016 -63.1 157 21 -B47 171 22 1000% 1E0[8.21,11.41]
Total (95% CI) P4 22 100.0% 1.60[-8.21,11.41]
I U
estfor overall effect 2= 0.32 (= 0.75) Favours [experimental] Favours [control]

Figure 11. Forest plot of change in Fasting plasma glucose level demonstrates no statistically significant difference
between Metformin and Placebo groups.

Total cholesterol level at Baseline

4 studies reported (Total cholesterol level at Baseline) and all can be used. A non-significant heterogeneity
was detected. Therefore, a random-effect model was used for analysis (I* = 0%, P=0.69). The combined
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significant difference between groups regarding (Total cholesterol level at Baseline) (Z = 0.51, P =0.61).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% CI
Adriaan Kooy 2008 289 13 196 549 13 194 356% 010016 0.36)
D Giugliano 19492 59 06 27 BO3 06 23 M3% -013[0.46 020)
Larigsa Avile's-Santa 2016 247 105 2 AR5 1481 22 40% -008[-0.85 0.64)
MICHIEL G, WIULFFELE 2002 548 113 171 549 123 182 391% 009016, 0.34]
Total (95% CI) 415 421 100.0% 0.04 [-0.11,0.19]

Heterogeneity: Chi®=1.46, df= 3 (F = 0.65); F= 0%
Testfor overall effect 2= 051 (F=0.61)

100

-0
Favours [experimental] Favours [control]

i

50

Figure 12. Forest plot of Total cholesterol level at Baseline demonstrates no statistically significant difference
between Metformin and Placebo groups

Total cholesterol level at follow-up:

100

3 studies reported (Total cholesterol level at follow up) and all can be used. A non-significant heterogeneity
was detected. Therefore, a random-effect model was used for analysis (I* = 58%, P=0.09). The combined
mean difference and 95% Cls was -0.11 (-0.22 to 0.00). The combined result demonstrates statistically
significant difference between groups regarding (Total cholesterol level at follow up) (Z = 1.97, P =0.25).

Maan Miference

Mattarmin Placabo Maan Difference
Shiidly o Siiliiroip Moean 50 Tolal Mean %0 Tolal Walght IV, Figaed, 95% C| IV, Fisad, B5% C1
Adriaan Kooy 2008 418 0.7 1368 4.2 0.8 194  54.0% 0.01 016, 0.14]
L Chugliang 1982 a.Eg 05 25 Bo0a4d A0 20 -0 F0aa, -00d) -
Larissa Avile's-Banta 2016 5.31 0.99 171 5,45 1.23 182 22.3% 0.14 [-0.37, 0.09]
Total (95% CI) 204 399 100.0% -0.11 [-0.22, -0.00] -

Hatarogeneity, Chi%= 4187, dif= 2 (F = 008 7= 0%
Tastfor ovarall effect Z= 1.97 (F = 0.05)

1 0.6 0.5
Favours [axparimantal] Favours [contral]

1

Figure 13. Forest plot of Total cholesterol level at follow up demonstrates statistically significant difference
between Metformin and Placebo groups

LDL Baseline

Three studies reported (LDL Baseline) and all can be used. A non-significant heterogeneity was detected.
Therefore, a random-effect model was used for analysis (I2 = 45%, P =0.16). The combined mean
difference and 95% Cls was 4.24 (-2.00 to 10.48). The combined result demonstrates non-statistically
significant difference between groups regarding (LDL Baseline) (Z = 1.33, P =0.18).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Adriaan Kooy 2008 139 425 196 1313 386 194 889%  7.70[-0.36,1576] Hil-
Latissa Avile's-Santa 2016 1218 37 21 1364 412 22 81% -1460[36.51,7.31] -
MICHIEL G. WIULFFELE 2002  63.72 18.54 21 B1.2 1836 22 32.0%  2.52[8.41,13.89)]
Total (95% CI) 238 238 100.0%  4.24 [-2.00, 10.48] I

Heterageneity Chi*= 3.64, df= 2 (P=0.16); = 45%
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Figure 14. Forest plot of LDL at baseline demonstrates non-statistically significant difference between Metformin
and Placebo groups

LDL Follow up

100

Two studies reported (LDL Follow up) and all can be used. A non-significant heterogeneity was detected.
Therefore, a random-effect model was used for analysis (I = 0%, P =0.52). The combined mean difference
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and 95% Cls was -2.66 (-5.67 to 0.36). The combined result demonstrates non-statistically significant
difference between groups regarding (LDL Baseline) (Z = 1.73, P =0.08).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% CI
Adrizan Kooy 2008 811 232 196 848 237 194 428% -380F841,081)
MICHIEL G.WULFFELE 2002 5886 17.64 171 BOEBE 2052 182 A&72% -1.80[5.78, 218]
Total {95% CI) 367 376 100.0% -2.66 [-5.67,0.36]
1I-_Ieh:;ugenenyl:l CQ ?gﬂ g;:;EPD:DDS.SQJ;I =0% I—1DEI -5'0 ﬁ 5.0 100'
estfor overall effect 2=1.73 (F= 0.08) Favours [experimental] Favours [control]

Figure 15. Forest plot of LDL at follow up demonstrates non-statistically significant difference between Metformin
and Placebo groups.

HDL at Baseline:

Four studies reported (HDL at baseline) and all can be used. A non-significant heterogeneity was detected.
Therefore, a random-effect model was used for analysis (I = 0%, P =0.59). The combined mean difference
and 95% Cls was 0.05 (-0.03 to 0.12). The combined result demonstrates non-statistically significant
difference between groups regarding (HDL at Baseline) (Z = 1.22, P =0.22).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Adriaan Kooy 2008 0.2 154 196 483 154 194 01% 1.90F1.16, 4.96] ~
D. Giugliano 1992 103 03 7 1 03 23 208% 003014 020 b
Larissa Avile's-Santa 2016 358 101 21337 1041 22 00% 210[3.94,814] T
MICHIEL &. WULFFELE 2002 131 041 171 126 041 182 791% 005[0.04,014] .
Total (95% CI) 415 421 100.0% 0.05[-0.03,0.12]
Heterogeneity: Chi*=1.90, df = 3 (P = 0.A%); F= 0% -EED _2!5 3 255 SID
Testfor overall effect 2=1.22 (P = 1.22) Favours [experimental] Favours [control]

Figure 16. Forest plot of HDL at baseline demonstrates non-statistically significant difference between Metformin
and Placebo groups.

HDL follow up:

Three studies reported (HDL at follow up) and all can be used. A non-significant heterogeneity was
detected. Therefore, a random-effect model was used for analysis (I = 18%, P =0.30). The combined mean
difference and 95% Cls was 0.07 (-0.00 to 0.14). The combined result demonstrates non-statistically
significant difference between groups regarding (HDL at follow up) (Z = 1.87, P =0.00).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Adriaan Kooy 2008 0.2 154 196 A14 1484 194 01% -1.20[4.26,1.86]
D Giugliano 1992 116 03 27 101 02 23 258% 015[0.01,029)
MICHIEL G.WIULFFELE 2002 1.3 039 171 126 04 182 T741% O0.04[0.04,013
Total (95% CI) 394 399 100.0% 0.07[-0.00,0.14]
Heterageneity: Chif= 2.43, df = 2 (P = 0.30) F=18% -5=D _255 T 255 550
Testfor overall effect 2=1.87 (P = 0.06) Favours [experimental] Favours [control]

Figure 17. Forest plot of HDL at follow up demonstrates non-statistically significant difference between Metformin
and Placebo groups.
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Four studies reported (Triglycerides at Baseline) and all can be used. A highly significant heterogeneity was

detected. Therefore, a random-effect model was used for analysis (I?

91%, P < 0.0001). The combined

mean difference and 95% Cls was 44.19 (36.30 to 52.08). The combined result demonstrates highly
statistically significant difference between groups regarding (Triglycerides at Baseline) (Z = 10.97, P <

0.00001).
Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean S0 Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Adriaan Kooy 2008 16810 1062 196 1681 1327 194 1089% 000[23.87 2387 —
0. Giugliano 1992 S166 162 27 0144 13 86A%  5166[43.18 60.14] ‘.‘
Larissa Avile's-Santa 2016 023 M4z N 13315 183 27 248% -2020[69.70, 29.30)
MICHIEL G.WIULFFELE 2002 29.88 0 171 3384 2vad 182 Mot estimahble
Total {95% Cl) 415 421 100.0% 44.19[36.30, 52.08] >
Fr i@ — CR= } } } }
Heterogeneity: Chi*= 22 64, df=2 (P = 0.0001); F=91% 20 a8 B 75 a0

Testfor overall effect 2= 10.87 (P < 0.00001) Favours [experimental] Favours [control]

Figure 18. Forest plot of Triglycerides at Baseline demonstrates highly statistically significant difference between
Metformin and Placebo groups.

Triglycerides at follow up

Three studies reported (Triglycerides at follow up) and all can be used. A non-significant heterogeneity was
detected. Therefore, a random-effect model was used for analysis (I* = 0%, P=0.59). The combined mean
difference and 95% Cls was -2.88 (-8.29 to 2.53). The combined result demonstrates non-statistically
significant difference between groups regarding (Triglycerides at follow up) (Z = 1.04, P=0.30).

Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Adriaan kooy 2008 1327 796 196 1416 148 184 46% -BA0[F31.73,13.83)
D. Giugliano 1892 4608 8 27 486 108 23 844%  -252[B.09 304
MICHIEL G.WWULFFELE 2002 2834 0 171 18 143 182 Mot estimahle
Total (95% Cl) 394 399 100.0% -2.88[-8.20,2.5]]
Heterogeneity: Chi*=0.28, df=1(F=0.49); F=0% R

Testfor overall effect 2=1.04 (F=0.30) Favours [experimental] Favours [control]

Figure 19. Forest plot of Triglycerides at follow up demonstrates non-statistically significant difference between
Metformin and Placebo groups.

Side Effect

Two studies reported (Side Effect) and all can be used. A highly significant heterogeneity was detected.

Therefore, a random-effect model was used for analysis (I? = 92%, P <0.001). The combined mean
difference and 95% Cls was 16.78 (7.63to 36.92). The combined result demonstrates highly statistically

significant difference between groups regarding (Side Effect) (Z = 7.01, P <0.001).

Metformin Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Alan J. Garber MD 1994 a7 73 a 7Y 18.8% 5273182315248 —
Larissa Awile s-Santa 2016 ¥ 21 4 2 OT1.2% 2.25 (085 5.24] ——i—
Total (95% CI) 94 101 100.0% 16.78 [7.63, 36.92] -~
Total events G4 9
Heterogeneity: Chi®=12.23, df=1 (P = 0.0009); F=92% o o 1 100

Testfor overall effect Z=7.01 (P < 0.00001 Favours [experimental] Favours [control]
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Figure 20. Forest plot of side effects demonstrates highly statistically significant difference between Metformin and

Placebo groups.
Discussion

In the current meta-analysis, 4 studies reported (Duration of diabetes) and all can be used. A non-significant
heterogeneity was detected. Therefore, a random-effect model was used for analysis (I*> = 51%, P=0.11).
The combined mean difference and 95% Cls was 0.73 (0.15 to 1.30). The combined result demonstrates
statistically significant difference between groups regarding (Duration of diabetes) (Z = 2.48, P =0.01).

In line with Holden et al., (6) aimed to determine if concomitant metformin reduced the risk of death,
major adverse cardiac events (MACE), and cancer in people with type 2 diabetes treated with insulin,
reported that there was statistically significant difference between groups regarding duration of diabetes,
p<0.001.

On the other hand, (Relimpio et al., (7) who aimed to compare the effect of adding metformin to insulin
therapy with a moderate increase in insulin dose alone in insulin-treated, pootly controlled Type 2 diabetic
patients, reported that there was no statistically significant difference between groups regarding duration of
diabetes.

Also, contrast with (Lundby-Christensen et al.,(8) who aimed to assess the effect of metformin versus
placebo both in combination with insulin analogue treatment on changes in carotid intima-media thickness
(IMT) in patients with type 2 diabetes, reported that there was no statistically significant difference between
groups regarding duration of diabetes.

In the current meta-analysis, 3 studies reported (Duration of insulin therapy) and all can be used. A non-
significant heterogeneity was detected. Therefore, a random-effect model was used for analysis (I*> = 0%,
P=0.79). The combined mean difference and 95% Cls was 1.02 (0.08 to 1.95). The combined result
demonstrates statistically significant difference between groups regarding (Duration of insulin therapy) (Z
=212, P =0.03).

On the other hand, Hermann et al., (9) who aimed to assess the adjunct effect of metformin to insulin in
type 2 diabetes, reported that there was no statistically significant difference between groups regarding
duration of insulin therapy.

In contrast Strowig et al.,(10) aimed to evaluate the safety and efficacy of treatment with insulin alone,
insulin plus metformin, or insulin plus troglitazone in individuals with type 2 diabetes, reported that there
was no statistically significant difference between groups regarding duration of insulin therapy.

In the current meta-analysis, 3 studies reported (GHb (% Hb) at Baseline) and all can be used. A non-
significant heterogeneity was detected. Therefore, a random-effect model was used for analysis (I* = 0%,
P=0.79). The combined mean difference and 95% Cls was -0.01 (-0.18 t00.16). The combined result
demonstrates no statistically significant difference between groups regarding (GH b (% Hb) at Baseline) (Z
=0.15, P =0.88).

In line with Relimpio et al.,(7) reported that there was no statistically significant difference between groups
regarding HbATlc at baseline.

As well Hermann et al.,(9) reported that there was no statistically significant difference between groups
regarding HbATlc at baseline.

Moreover Kooy et al.,(11) aimed to investigate whether metformin hydrochloride has sustained beneficial

metabolic and (cardio) vascular effects in patients with type 2 diabetes mellitus (DM2), reported that plasma
HbA1c level was comparable between both groups at baseline.
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In the current meta-analysis, 3 studies reported (GHb (% Hb) at follow up) and all can be used. A significant
heterogeneity was detected. Therefore, a random-effect model was used for analysis (1> = 91%, P=0.001).
The combined mean difference and 95% Cls was -0.37 (-0.56 to -0.18). The combined result demonstrates
statistically significant difference between groups regarding (GH b (% Hb) at follow up) (Z = 3.73, P
=0.0002).

In line with Hemmingsen et al.,(12) who conducted a systematic review and meta-analysis to compare
the benefits and harms of metformin and insulin versus insulin alone as reported in randomised clinical
trials of patients with type 2 diabetes, reported that the achieved percentage of HbAlc decreased with
metformin and insulin compared with insulin alone (mean difference —0.60%, 95% confidence interval
—0.89 to —0.31, P<0.001; 20 trials; heterogeneity 12=82%, P<0.001).

As well Lundby-Christensen et al.,(8) reported that HbAlc decreased with metformin and insulin
compared with placebo and insulin at follow up, p<<0.006.

Motreover Ebrahim et al., (13) aimed to study the effect, safety and efficacy of metformin in poorly
controlled insulin treated type 11 diabetes, reported that there was insulin requirement less in metformin
treated group with 14% reduction in HbAlc.

In the current meta-analysis, 3 studies reported (Change in GHb (% Hb) and all can be used. A significant
heterogeneity was detected. Therefore, a random-effect model was used for analysis (1> = 76%, P=0.04).
The combined mean difference and 95% Cls was -0.78 (-0.91 to -0.66). The combined result demonstrates
statistically significant difference between groups regarding (Change in GH b (% Hb)) (Z = 12.46, P <
0.00001).

In line with (Relimpio et al.,(7) reported that there was statistically significant difference between groups
regarding change in HbAlc, p<0.01.

As well Wulffele et al.,(14) aimed to investigate the metabolic effects of metformin, as compared with
placebo, in type 2 diabetic patients intensively treated with insulin, reported that there was significant
difference between the studied groups regarding Change in GHb (% Hb), p<0.001.

In the current meta-analysis, four studies reported (Daily dose of insulin (IU/day) at baseline) and all can
be used. A non-significant heterogeneity was detected. Therefore, a random-effect model was used for
analysis (I = 0%, P =0.76). The combined mean difference and 95% Cls was 0.30 (-2.94 to 3.55). The
combined result demonstrates non-statistically significant difference between groups regarding (Daily dose
of insulin (IU/day) at baseline) (Z = 0.18, P =0.85).

In line with Relimpio et al.,(7) who reported that there was no statistically significant difference between
groups regarding Daily dose of insulin at baseline.

As well Hermann et al.,(9) reported that there was no statistically significant difference between groups
regarding daily dose of insulin at baseline.

Moreover Kooy et al.,(11) didn’t report significance between two groups regarding daily dose of insulin at
baseline.

In the cutrent meta-analysis, four studies reported (Daily dose of insulin (IU/day) at follow up) and all can
be used. A highly significant heterogeneity was detected. Therefore, a random-effect model was used for
analysis (I7 = 91%, P <0.001). The combined mean difference and 95% Cls was -11.00 (-15.63 to -6.38).
The combined result demonstrates highly statistically significant difference between groups regarding (Daily
dose of insulin (IU/day) at follow up) (Z = 4.66, P <0.001).
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In line with Hemmingsen et al., (12) reported that Insulin dose was significantly reduced when metformin
was combined with insulin, compated with insulin alone (mean difference—18.65 U/day, 95% confidence
interval —22.70 to —14.60, P<0.001; heterogeneity 12=81%, P<0.001).

As well Lundby-Christensen et al.,(8) reported that Insulin dose was significantly reduced when
metformin was combined with insulin compared with placebo and insulin at the end of trail, p<0.001.

Moreover Strowig et al.,(10) reported that the mean total daily insulin dose significantly decreased in the
insulin plus metformin group compared to insulin alone, p<<0.001.

In the current meta-analysis, four studies reported (change in Daily dose of insulin (IU/day)) and all can be
used. A highly significant heterogeneity was detected. Therefore, a random-effect model was used for
analysis (I* = 99%, P <0.001). The combined mean difference and 95% Cls was 0.39 (-1.22 to -2.00). The
combined result demonstrates non-statistically significant difference between groups regarding (change in

Daily dose of insulin IU/day)) (Z = 0.47, P =0.64).

In contrast, Relimpio et al.,(7) reported that there was statistically significant difference between groups
regarding change in Daily dose of insulin, p<0.001.

In disagreement Yilmaz et al.,(15) aimed to compare the efficacy of treatment with insulin alone, insulin
plus acarbose, insulin plus metformin, or insulin plus rosiglitazone in type 2 diabetic subjects who were
previously on insulin monotherapy, reported that mean total daily insulin dose was significantly decreased
at the end of 6 month in insulin plus metformin group, p=0.00.

Also disagreed with Lundby-Christensen et al.,(8) who reported that there was statistically significant
difference between groups regarding change in dose of insulin from baseline, p<0.001.

In the current meta-analysis, one study reported (Fasting plasma glucose level at baseline) and all can be
used. The combined mean difference and 95% Cls was -21.30 (-64.23 to 21.63). The combined result
demonstrates no statistically significant difference between groups regarding (Fasting plasma glucose level
at baseline) (Z = 0.97, P =0.33).

Inline with Relimpio et al.,(7) reported that there was no statistically significant difference between groups
regarding Fasting plasma glucose level at baseline.

As well Hermann et al.,(9) reported that there was no statistically significant difference between groups
regarding Fasting plasma glucose level at baseline.

In the current meta-analysis, one study reported (Fasting plasma glucose level at follow up) and all can be
used. The combined mean difference and 95% Cls was -19.70 (-33.53 to -5.87). The combined result
demonstrates statistically significant difference between groups regarding (Fasting plasma glucose level at
follow up) (Z = 2.79, P =0.005).

In line with Ponssen et al.,(16) aimed to assess the effects of combined treatment with insulin and
metformin in patients with type 2 diabetes mellitus in whom dietary measures, weight control, and oral
antihyperglycemic therapy had failed, reported that Metformin plus insulin produced significant reductions
in fasting blood glucose levels compared to placebo plus insulin (9.46 mmol/L vs 8.26 mmol/L, P = 0.055).

On the other hand Relimpio et al.,(7) reported that there was no statistically significant difference between
groups regarding Fasting plasma glucose level at follow up.

In contrast, Lundby-Christensen et al.,(8) reported that there was no statistically significant difference
between groups regarding Fasting plasma glucose level at follow up.
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In the current meta-analysis, one study reported (change in Fasting plasma glucose level) and all can be
used. The combined mean difference and 95% Cls was 1.60 (-8.21 to 11.41). The combined result
demonstrates no statistically significant difference between groups regarding (change in Fasting plasma

glucose level) (Z = 0.32, P =0.75).

In line with, Relimpio et al.,(7) reported that there was no statistically significant difference between
groups regarding change in Fasting plasma glucose level.

In the current meta-analysis, 4 studies reported (Total cholesterol level at Baseline) and all can be used. A
non-significant heterogeneity was detected. Therefore, a random-effect model was used for analysis (1> =
0%, P=0.69). The combined mean difference and 95% Cls was 0.04 (-0.11 to 0.19). The combined result
demonstrates no statistically significant difference between groups regarding (Total cholesterol level at
Baseline) (Z = 0.51, P =0.61).

In line with, (Relimpio et al.,(7) reported that there was no statistically significant difference between
groups regarding total cholesterol level at baseline.

As well Hermann et al.,(9) reported that there was no statistically significant difference between groups
regarding Total cholesterol at baseline.

In the current meta-analysis, 3 studies reported (Total cholesterol level at follow up) and all can be used. A
non-significant heterogeneity was detected. Therefore, a random-effect model was used for analysis (1> =
58%, P=0.09). The combined mean difference and 95% Cls was -0.11 (-0.22 to 0.00). The combined result
demonstrates statistically significant difference between groups regarding (Total cholesterol level at follow
up) (Z =1.97, P =0.25).

In line with, Relimpio et al.,(7) reported that there was statistically significant difference between groups
regarding Total cholesterol level at follow up, p<<0.05.

As well Ponssen et al.,(16) reported that metformin plus insulin produced significant reductions in mean
total serum cholesterol levels compared to placebo plus insulin, P = 0.005.

In the current meta-analysis, three studies reported (LDL Baseline) and all can be used. A non-significant
heterogeneity was detected. Therefore, a random-effect model was used for analysis (I = 45%, P =0.16).
The combined mean difference and 95% Cls was 4.24 (-2.00 to 10.48). The combined result demonstrates
non-statistically significant difference between groups regarding (LDL Baseline) (Z = 1.33, P =0.18).

In line with, Relimpio et al.,(7) reported that there was no statistically significant difference between
groups regarding LDL level at baseline.

As well Hermann et al.,(9) reported that there was no statistically significant difference between groups
regarding LDL at baseline.

In the current meta-analysis, two studies reported (LDL Follow up) and all can be used. A non-significant
heterogeneity was detected. Therefore, a random-effect model was used for analysis (I? = 0%, P =0.52).
The combined mean difference and 95% Cls was -2.66 (-5.67 to 0.36). The combined result demonstrates
non-statistically significant difference between groups regarding (LDL Follow up) (Z = 1.73, P =0.08).

In line with, Relimpio et al.,(7) reported that there was statistically significant difference between groups
regarding LDL level follow up, p<0.05.

In contrast, Yilmaz et al.,(15) reported that there was no significant difference between the studied groups
regarding LDL after 6 months.
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In the current meta-analysis, four studies reported (HDL at baseline) and all can be used. A non-significant
heterogeneity was detected. Therefore, a random-effect model was used for analysis (I* = 0%, P =0.59).
The combined mean difference and 95% Cls was 0.05 (-0.03 to 0.12). The combined result demonstrates
non-statistically significant difference between groups regarding (HDL at Baseline) (Z = 1.22, P =0.22).

In line with, Relimpio et al.,(7) reported that there was no statistically significant difference between
groups regarding HDL at baseline.

As well Hermann et al.,(9) reported that there was no statistically significant difference between groups
regarding HDL at baseline.

In the current meta-analysis, three studies reported (HDL at follow up) and all can be used. A non-
significant heterogeneity was detected. Therefore, a random-effect model was used for analysis (I> = 18%,
P =0.30). The combined mean difference and 95% Cls was 0.07 (-0.00 to 0.14). The combined result
demonstrates non-statistically significant difference between groups regarding (HDL at follow up) (Z =
1.87, P =0.00).

In line with, Relimpio et al.,(7) reported that there was no statistically significant difference between
groups regarding HDL at follow up.

As well Ponssen et al.,(16) reported that there was no statistically significant difference between groups
regarding HDL.

In the current meta-analysis, four studies reported (Triglycerides at Baseline) and all can be used. A highly
significant heterogeneity was detected. Therefore, a random-effect model was used for analysis (1> = 91%,
P < 0.0001). The combined mean difference and 95% Cls was 44.19 (36.30 to 52.08). The combined result
demonstrates highly statistically significant difference between groups regarding (Triglycerides at Baseline)
(Z.=10.97, P < 0.00001).

In line with, Relimpio et al.,(7) reported that there was no statistically significant difference between
groups regarding Triglycerides at baseline.

As well Hermann et al.,(9) reported that there was no statistically significant difference between groups
regarding Triglycerides at baseline.

In the current meta-analysis, three studies reported (Triglycerides at follow up) and all can be used. A non-
significant heterogeneity was detected. Therefore, a random-effect model was used for analysis (I = 0%,
P=0.59). The combined mean difference and 95% Cls was -2.88 (-8.29 to 2.53). The combined result
demonstrates non-statistically significant difference between groups regarding (Triglycerides at follow up)

(Z = 1.04, P=0.30).

In line with Lundby-Christensen et al.,(8) reported that there was no significant difference between both
group regarding Triglycerides after 18 months follow-up.

On the other hand, Relimpio et al.,(7) reported that there was statistically significant difference between
groups regarding Triglycerides at follow up, P<0.05.

In the current meta-analysis, two studies reported (Side Effect) and all can be used. A highly significant

heterogeneity was detected. Therefore, a random-effect model was used for analysis (I* = 92%, P <0.001).
The combined mean difference and 95% Cls was 16.78 (7.63to 36.92). The combined result demonstrates
highly statistically significant difference between groups regarding (Side Effect) (Z = 7.01, P <0.001).

However, Yilmaz et al.,(15) reported that only three patients in insulin plus metformin group experienced
gastrointestinal side effects, which were resolved within few weeks, there were no significant differences
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among the groups in the rate of hypoglycemic episodes, and no serious adverse event was noted in any
group.

In contrast Hemmingsen et al.,(12) showed no significant difference between intervention groups
(relative risk 1.28, 95% confidence interval 0.69 to 2.37; heterogeneity 12=75%, P=0.003).

Conclusion

In conclusion, this meta-analysis demonstrate that metformin significantly improves the duration of
diabetes, duration of insulin therapy, and glycated hemoglobin (HbA1lc) levels at follow-up, with a notable
reduction in HbAlc change, fasting plasma glucose levels and the daily dose of insulin at follow-up.
However, side effects related to metformin were also significantly more common in the treatment group,
highlighting the importance of monitoring adverse events in clinical settings. Overall, the findings support
the beneficial role of metformin in improving glycemic control and reducing insulin requirements in insulin-
treated Type 2 diabetes patients, with a moderate risk of side effects. Further studies with larger sample
sizes and longer follow-up periods are warranted to confirm these effects and explore long-term safety
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