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Abstract

Background: This retrospective study investigated the effect of adding metformin to pharmacologic insulin dosing
in type 1 diabetics on insulin therapy 1 year after treatment compared with patients on insulin therapy alone.

Methods: Twenty-nine adults with type 1 diabetes who had metformin added to their insulin therapy for 12 months
were compared with 29 adults with type 1 diabetes who remained on insulin-alone therapy.

Results: Fifty-eight patients with C peptide negative-type 1 diabetics (26 females, mean age: 29.01 + 7.03 years, BMI: 24.
18 +3.16 kg/m?2) were analyzed. Age, sex, body weight, insulin dose requirement, plasma glucose (PG), blood pressure
(BP), and lipids did not differ between groups before treatment (p > 0.05). Metabolic syndrome (44.8 vs 41.4%, p > 0.05)
did not differ between the metformin-insulin and insulin alone groups before treatment. Metabolic syndrome
was more decreased in the metformin-insulin group than in the insulin alone group after treatment (-89 + 1.3
vs. 2.5 +0.6%, p =0.028). Insulin dose requirement was lower in the metformin-insulin group than in the insulin
alone group (—0.03 vs. 0.11 1U/kg/d, p =0.006). Fasting PG (—=26.9 + 54.2 vs. 0.7 + 29.5 mg/dL, p =0.022) and
postprandial PG (—43.1 +61.8 mg/dL vs. —3.1 +40.1 mg/dL, p=0.010) was more decreased in the metformin-insulin
group than in the insulin alone group. Body weight, lipids, and HbA1c did not differ between the groups (p > 0.05).

Conclusions: Metformin decreased glucose concentrations, reduced metabolic syndrome, as well as insulin dose
requirement more than insulin therapy alone, 1 year after treatment. These results were independent of blood lipid
improvement or weight loss, although on average weight remained decreased with metformin-insulin therapy, whereas

the average weight increased with insulin therapy alone.
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Background

Despite intensive insulin therapy, target hemoglobin A;.
(HbA.) levels remain above 7.0% in many patients with
type 1 diabetes mellitus (DM) with poor metabolic
control [1]. Standard insulin therapy in type 1 diabetes
has been associated with increased complications including
hypoglycemia, weight gain, and dyslipidemia [2]. Insulin-
stimulated skeletal muscle glucose uptake as well as insulin
action reduces in type 1 diabetics. This effect contributes
to the development of insulin resistance [3, 4]. Insulin
resistance leads to poor glycemic control and chronic
complications in type 1 diabetics [5, 6]. Metabolic syndrome
is a clinical proxy for insulin resistance. Type 1 diabetes
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associated with metabolic syndrome has been termed
as double diabetes [7-9]. Obesity [10], lack of exercise
[11], and puberty [12] are primary causes of insulin resist-
ance in type 1 diabetes. Management of insulin resistance
usually requires an increase in insulin dose requirement.
Increased insulin dose requirement might cause weight gain
and hypoglycemia, which might lead to noncompliance
with therapy and ultimately poor glycemic control [13].
Metformin is an oral anti-hyperglycemic agent and
commonly used in the treatment of type 2 diabetes. It
increases both hepatic and peripheral insulin sensitivity
in the liver by inhibiting basal hepatic glucose production,
as well as in skeletal muscles and adipocytes, by increasing
glucose uptake [4, 14, 15]. Thus, it enhances insulin action
and improves glycemic control. Metformin leads to reduce
insulin dose requirement as well as weight gain because it
increases insulin sensitivity. In this respect, compared with
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insulin monotherapy, the addition of metformin to insulin
therapy improves metabolic control and decreases compli-
cations in type 2 diabetes [16]. Metformin has been shown
to increase insulin sensitivity [17] and reduce metabolic
syndrome incidence in people with prediabetes [18]. The
addition of metformin to insulin therapy in type 1 DM is
still under debate. Until now, a limited number of studies
have investigated the addition of metformin to insulin
therapy in type 1 diabetics [4, 19-22]. Metformin as an
adjunctive therapy is not formally recommended in type 1
diabetes unlike in type 2 diabetes [23].

This retrospective study investigated the effect of
adding metformin to pharmacologic insulin dosing in
type 1 diabetics on insulin therapy 1 year after treat-
ment compared with patients on insulin therapy alone.
This study aimed to investigate the effect of metformin,
as an adjunctive therapy, on the treatment of poorly
controlled type 1 diabetics.

Methods

Adults with C-peptide-negative type 1 diabetes were
treated in Diskapi Yildirim Beyazit Training and Research
Hospital, Endocrinology and Metabolism Department,
between January 2010 and February 2013. Twenty-nine
patients with type 1 diabetes had metformin added to
their insulin therapy for 12 months. These patients
were compared with 29 adults with type 1 diabetes who
remained on insulin-alone therapy for 12 months. The
inclusion criteria were as follows: age between 18 and
60 years, lack of metabolic control (HbA;. above 7.5%
despite intensive insulin treatment), and complete medical
data records. The exclusion criteria were as follows: lack
of treatment adherence, renal impairment (estimated
glomerular filtration rate lower than 60 mL/min) and liver
disease (aminotransferase level higher than twice the
upper normal limit). The patients were examined every
3 months. This retrospective study was approved and
an informed consent was obtained from the patients.

Clinical outcomes

Metabolic syndrome, hypoglycemia, and drug adverse effects
were recorded. Insulin dose requirement, blood pressure
(BP), HbAlc, body mass index (BMI), fasting plasma glu-
cose (FPG), postprandial plasma glucose (PPG), total choles-
terol, triglyceride and low-density lipoprotein-cholesterol
(LDL-C) and high-density lipoprotein-cholesterol (HDL-C)
were compared before and after treatment. FPG and PPG
were measured twice and average value was recorded.
Insulin therapy and daily total insulin dose per bodyweight
(IU/kg/d) were recorded. Office BP was measured before
and after treatment. Office BP was measured with patients
in the sitting position after 5 min of rest, provided that the
arm was supported at heart level and the BP cuff covered
about 80% of the circumference of the upper arm with the
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lower edge 2.5-3 cm above the elbow. Waist-circumference
(WC) was measured midway between the lower costal
margin and iliac crest, and hip circumference was measured
at the height of the greater trochanter. Metabolic syndrome
was defined according to the Adult Treatment Panel III
criteria, and its diagnosis required three or more of the
following: [1] WC = 94 ¢cm for men and >80 cm for women,
[2] triglyceride =150 mg/dL, [3] HDL-C <40 mg/dL for
men and <50 mg/dL for women, [4] fasting glucose levels
2100 mg/dL, and [5] systolic BP >130 mmHg and diastolic
BP > 85 mmHg [24].

Statistical analysis

Statistical analysis was performed using SPSS 18.0
(SPSS, Inc) software. Descriptive analyses are expressed
as mean + standard deviation (SD), percentages (%), median
(min-max), odds ratio (OR), and 95% confidence intervals
(CI). Kolmogorov-Smirnov or Shapiro-Wilk W was used
for normality. The Chi-square test or Fisher’s exact test,
where appropriate, was used for categorical variables.
Student’s t-test was used for normally distributed continu-
ous variables. The Mann-Whitney U test was used for
nonparametric variables. McNemar’s test was used for
categorical variables before and after treatment. The
paired samples t-test was used for parametric variables
and the Wilcoxon test was used for nonparametric vari-
ables before and after treatment. The association between
metabolic syndrome and insulin requirement was tested
using Spearman’s correlation coefficients. p <0.05 was
accepted as statistically significant.

Results

The patients with type 1 diabetes (26 females, mean age:
29.01+7.03 years, BMI: 24.18 +3.16 kg/m?) were retro-
spectively analyzed. The mean duration of diabetes was
12.05 + 6.53 years. The mean metformin dose was 2124.2 +
524.2 mg/d. Some 3.4% of patients in the metformin-insulin
group were on continuous subcutaneous insulin infusion
therapy and 96.6% were under intensified insulin therapy.
All patients in insulin alone group were on intensified insu-
lin therapy. There was no significant difference between the
groups regarding age, sex, duration of diabetes, BMI, body
weight, insulin dose requirement, waist circumference,
systolic and diastolic blood pressure, lipids, hypertension,
dyslipidemia, overweight/obesity and prevalence, and risk
factors of metabolic syndrome before treatment (p > 0.05)
(Table 1).

Change in body weight (-0.41 +2.44 vs. 0.13 +2.55 kg,
p >0.05) and waist circumference (—0.34 £ 1.67 vs. 041 +
1.61, p>0.05) did not differ between the metformin-
insulin and insulin alone groups after treatment. The
increase in systolic BP (6.72 £ 6.16 vs. 1.55 + 11.02 mmHg,
p =0.032) and diastolic BP (4.82 + 7.84-vs. 048 + 641 mmHg,
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Table 1 Characteristics of groups before treatment

Variables Metformin-insulin insulin-only p value

n=29 n=29

Female (%) 414 483 0.597
Metabolic syndrome (%) 448 414 0.585
Overweight/obesity (%) 310 241 0.291
Hypertension (%) 276 13.8 0.195
Hyperlipidemia (%) 31.0 379 0.581
Antihypertensive drugs (%) 123 72 0.127
Antilipidemic drugs (%) 14.1 16.7 0.895
Age (yr) 304+75 275+63 0.127
Duration of diabetes (yr) 13.1+68 109+6.1 0.173
Body weight (kg) 69.23+10.13 66.96 + 11.50 0429
BMI (kg/m?) 2443+287 2402 +346 0446
Waist circumference (cm) 82.39+828 80.65 +9.59 0.368
Risk factors of metabolic syndrome (n) 227+1.13 231+1.03 0.904
Creatinine (mg/dl) 081+0.19 0.79+0.14 0.124
FPG (mg/dl) 19237 £ 56.01 174.48 £ 53.60 0.232
PPG (mg/dl) 2773145743 250.04 + 64.35 0.100
HbA ¢ (%) 9.55+£143 922+1.79 0441
Total cholesterol (mg/dl) 18343 5945 177.25 + 26.89 0.836
Triglycerides (mg/dl) 14193 £131.33 136.96 £117.98 0.844
HDL cholesterol (mg/dl) 5496 + 13.59 5028 +11.68 0.233
LDL cholesterol (mg/dl) 10546 +39.25 107.52+27.26 0.566
Systolic blood pressure (mmHg) 12275+ 16.74 11948 +16.70 0441
Diastolic blood pressure (mmHg) 7813+12.76 7689+ 11.83 0.690
Total daily insulin dose (IU/kg body weight/d) 092+0.27 0.98+0.30 0.232

Data are shown as mean + standard deviation (mean * SD) or percentage (%)

Abbreviations: BMI body mass index, FPG fasting plasma glucose, HbA;. hemoglobin A;., HDL high density lipoprotein, LDL low density lipoprotein, PPG

postprandial plasma glucose, /U international units

p =0.025) was significantly higher in the insulin alone group
than in the metformin-insulin group (Table 2).

Insulin dose requirement decreased by 0.03 IU/kg/d in
the metformin-insulin group, whereas it increased by
0.11 IU/kg/d in the insulin alone group after treatment.
Insulin dose requirement was significantly increased in
the insulin alone group compared with the metformin-
insulin group (p = 0.006) (Table 2).

Metabolic syndrome prevalence (44.8 vs. 41.4%, p > 0.05)
did not differ between the metformin-insulin group and
the insulin alone group before treatment. Metabolic
syndrome prevalence was significantly decreased in the
metformin-insulin group compared with the insulin
alone group after treatment (-8.9 £ 1.3 vs. 2.5+ 0.6%, p =
0.028, Table 2). The mean risk factors of metabolic
syndrome was decreased in the metformin-insulin group
(2.27 +£1.13 vs. 2.03£0.94, p =0.06), whereas it did not
change in the insulin alone group (2.31 +1.03 vs. 2.20 £
0.94, p=0.264). The patients in the metformin-insulin
and insulin alone groups were divided into subgroups as

metabolic syndrome and control non-metabolic syndrome.
Metabolic syndrome percentage was decreased in the
metformin-insulin group (44.8 vs. 37.9%, p=0.008)
whereas it increased in the insulin alone group (41.4 vs.
44.8%, p = 0.035).

A decrease in FPG of 26.9 £ 54.2 mg/dL and PPG of
43.1 + 61.8 mg/dl was observed in the metformin-insulin
group after treatment. A decrease in PPG of 3.1+
40.1 mg/dL and an increase in FPG of 0.7 + 29.5 mg/dL
were observed in the insulin alone group. There was a
significant reduction in FPG (p=0.022) and PPG (p=
0.010) in the metformin-insulin group compared with the
insulin alone group. The decrease in HbA;. was not
significantly different between the groups (-0.8+1.4 vs.
-0.3 + 1.3%, p > 0.05). Changes in triglyceride, total chol-
esterol, LDL-C, and HDL-C did not differ between the
groups after treatment (p > 0.05) (Table 2).

Lactic acidosis and vitamin B12 deficiency was not
observed during treatment. Gastrointestinal discomfort
(17.2%) was observed in the metformin-insulin group.
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Table 2 Change in metabolic parameters after treatment

Variables Metformin-insulin insulin-only p value

n=29 n=29

A Metabolic syndrome prevalence (%) -89+13 25406 0.028
A Body weight (kg) —041+244 0.13+255 0222

A Waist circumference (cm) —-034+167 041+161 0.384
A FPG (mg/dl) —269+ 542 0.7+295 0.022
A PPG (mg/dl) -431+618 -3.1+40.1 0.010
A HbA ¢ (%) -08+14 -03+13 0.075
A Total cholesterol (mg/dl) —2.78+36.7 -220+179 0.962

A Triglycerides (mg/dl) —-215+986 —-262+755 0.855

A LDL-C (mg/dl) -50%276 -49+238 0.899

A HDL-C (mgydl) 043 +9.65 2.88+9.50 0.522

A Systolic blood pressure (mmHg) 155+11.02 6.72+£6.16 0.032
A Diastolic blood pressure (mmHg) 048 + 641 482+784 0.025
A Total daily insulin dose (IU/kg bodyweight/d)® —-0.03 (-0.39 — 0.28) 0.11 (<024 — 0.35) 0.006

Data are shown as mean + standard deviation (means + SD) and ®median (min-max)

The difference (A) are shown as change in values before and after treatment (after value minus before value)
Abbreviations: FPG fasting plasma glucose, HbA;. hemoglobin A,., PPG postprandial plasma glucose, HDL-C high density lipoprotein-cholesterol, LDL-C low density

lipoprotein-cholesterol, /U international units
Bold represents the significant p-values

Hypoglycemic events did not differ between the groups
(7.1 and 7.6%, p > 0.05).

The decrease in metabolic syndrome prevalence was
not correlated with a reduction in insulin dose require-
ment (r=0.45, p=0.23). The decrease in insulin dose
requirement was positively correlated with the reduction
in fasting glucose (r=0.487, p <0.001) and postprandial
glucose (r=0.774, p < 0.001).

Discussion

This retrospective study suggests that metformin decreased
glucose concentrations, lowered metabolic syndrome
prevalence, as well as insulin dose requirement more
than insulin therapy alone after 1 year of treatment.
These results were independent of blood lipid improve-
ment or weight loss, although on average weight
remained decreased with metformin and insulin therapy,
whereas the average weight increased with insulin therapy
alone.

Studies of adolescents [18], pediatrics [22], adults [4],
and overweight adults [19-21] with type 1 diabetes have
been shown the addition of metformin to insulin therapy
to reduce insulin dose requirement. Metformin was
suggested to reduce insulin dose requirement through
its insulin-sparing effect [4, 15, 25]. The present study
suggests that metformin decreased average glucose
concentrations and insulin dose requirement, as well as
lowered metabolic syndrome prevalence more than
with insulin therapy alone after 1 year of treatment.
Metformin decreased HbAlc values more than insulin
alone, but not significantly. These results were independent

of blood lipid improvement or weight loss. We suggest that
metformin likely improved glycemic control more than
with insulin alone and this also contributed to metabolic
syndrome reductions. Metformin has been shown to have
an insulin-sensitizing effect on glycemic control in type 1
diabetes [17, 20]. Nevertheless, metformin has been shown
to reduce insulin dose requirement without improving
glycemic control such as with glucose concentration, as
well as HbAlc in type 1 diabetes [4, 20, 21]. Jacobsen et al.
reported that metformin reduced the insulin dose require-
ment without improving glycemic control or weight loss
after 6 months’ treatment in overweight adults with
type 1 diabetic [21]. Lund et al. suggested that metformin
achieved permanent inadequate glycemic control with
reducing insulin dose requirement and improved body
weight during 12 months’ treatment [4]. Urakami et al.
observed that metformin reduced insulin dose require-
ment, improved glycemic control, and reduced body weight
after 12 months’ treatment in overweight young adults with
type 1 diabetes [25]. Moon et al. reported that metformin
improved glycemic control and insulin sensitivity without
weight gain after 3 months’ therapy [26]. Metformin
improved diabetic control with reduced insulin dose
requirement without weight loss in overweight adults
with C-peptide-negative type 1 diabetes during 4 months’
therapy [19]. Metformin improved poor glycemic control
as well as insulin resistance in adolescents with type 1
diabetes who were on high-dose insulin therapy [17, 18].
Previous studies reported that metformin improved
the blood lipid profile [26—28]. Burchardt et al. reported
that metformin increased insulin sensitivity in peripheral
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tissues and reduced LDL-C concentrations with improved
glycemic regulation, as well as weight loss, in overweight
adults [27]. The present study suggests that metformin
reduced glucose concentration and decreased insulin dose
requirement without blood lipid improvement and weight
loss. On average weight remained decreased on metformin
and insulin therapy, whereas the average weight increased
in the insulin alone group. There was a decrease in rela-
tively normal lipid values in the metformin-insulin group
compared with the insulin alone group; however, these
results were not significant. There was a greater increase
in systolic and diastolic blood pressure in the insulin alone
group compared with the metformin-insulin group. These
results might contribute to improved metabolic syndrome
status with metformin therapy.

Previous studies have not systematically tested metformin
in patients with metabolic syndrome with TIDM. Met-
formin likely reduced metabolic syndrome percentage
in present study. Insulin resistance accompanied by type 1
diabetes causes the development of double diabetes and
poorer glycemic control [5, 6, 9, 29]. Metformin reduces
hepatic glucose production, stimulates glucose uptake in
muscle, as well as improves blood flow for nutrient use.
Metformin increases insulin sensitivity, reduces insulin
resistance, improves insulin action, and increases peripheral
glucose uptake in type 1 diabetes [18, 20, 21, 26]. Patients
with C peptide-negative diabetes were included in this
study in order to ignore metformin effects on beta cell
function; metformin correlates with insulin resistance
and beta-cell function. Hypoglycemic events [4, 20-22],
lactic acidosis or vitamin B12 deficiency [26] were not
observed in our metformin therapy group. However,
this was a small and retrospective study, the study was
not randomized or placebo-controlled and diet was not
standardized prior to testing. All of which are limita-
tions to our study.

Conclusions

The present study suggests that metformin decreased
glucose concentrations, lowered metabolic syndrome
prevalence, as well as insulin dose requirement, more
than insulin alone. These effects were independent of
blood lipid improvement or weight loss, although on
average weight remained decreased with metformin and
insulin therapy, whereas the average weight increased with
insulin therapy alone. Larger placebo-controlled studies are
needed to determine the long-term effects of metformin-
adjunctive therapy on poorly controlled type 1 diabetes.
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