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ABSTRACT
Aim: To study the effects of metformin in prediabetes.

Methods: This was an observational, non-interventional, uncontrolled study of the effects of the immediate-release
formulation of metformin in 551 people with pre-diabetes, according to diagnostic criteria from the American
Diabetes Association (ADA).

Results: The study population was predominantly female (66%,), and on average was middle-aged (mean age 54
[SD 12] years) and obese (mean body mass index 32 kg/m2 [SD 6]) at baseline. Treatment with metformin for 12
weeks was associated with a mean reduction in fasting plasma glucose (FPG) of —0.8 mmol/L (95%CI —0.8 to —0.9)
from a baseline value of 6.3 mmol/L (SD 0.5). FPG was normalised, according to ADA criteria (<5.6 mmol/L) in
86% of the population, at 12 weeks (the primary endpoint of the study). Reductions from baseline were also seen
for HbAlc (by —0.4% [95% CI -0.3 to -0.5]) and post-load glucose following an oral glucose tolerance test (by
—2.0 mmol/L [95%CI -1.5 to -2.4]) at 12 weeks. These parameters were normalised according to ADA criteria
in a majority of patients where data were available, although measurements were available from only 189 and
51 patients, respectively. A logistic regression analysis suggested significant influence of age and starting dose
of metformin on the likelihood of normalisation of FPG. Adherence to metformin was high (>75% in 93% of the
population). Metformin was well tolerated, with common finding of mild-to-moderate gastrointestinal side-effects,
as expected.

Conclusion: These real-world data add further evidence in support for a role for metformin in the management of
people with prediabetes.

Keywords
Metformin, Prediabetes, Impaired fasting glucose, Fasting plasma
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Introduction

Type 2 diabetes is associated with a markedly increased risk of
adverse cardiovascular outcomes, compared with people without
this condition [1]. The diagnosis of type 2 diabetes is categorical,
and made when measurements of plasma glucose exceed a
predetermined level [2]. However, the risk of cardiovascular events
increases continuously with increasing plasma glucose [3,4], and
people who have indices of glycaemia in the high-normal range
are at increased cardiovascular risk, compared with people with

lower levels of plasma glucose [5-8]. Moreover, up to 10% of
these individuals will progress to developing type 2 diabetes each
year [9]. Accordingly, the presence of elevated, but non-diabetic,
levels of plasma glucose has been termed “prediabetes™ [10].

The mainstay of treatment of prediabetes, to avoid conversion
to type 2 diabetes, is lifestyle intervention, including increased
physical activity, improvement of the diet to promote weight loss
and smoking cessation [11-13]. Treatment with metformin has also
been shown to reduce the risk of conversion from prediabetes to
clinical diabetes, principally in the Diabetes Prevention Program
(DPP) and its post-trial follow-up [14,15], and also in other studies
(reviewed elsewhere [16]). Guidelines for diabetes prevention
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support a role for metformin, especially in obese (BMI >35 kg/m?)
and younger (<60 y) subjects [12,13], and metformin is indicated
for the prevention of diabetes in many countries [16].

The prevalence of prediabetes in Russia, is high compared with
most other countries [17] and was estimated to be 19% in a study
published in 2016 [18]. The effects of metformin on glycaemia in
people with prediabetes in Russia are therefore of clinical interest.
We evaluated the effects of the commonly used immediate-release
formulation of metformin on glycaemic control in an observational
study in a population of 551 people with prediabetes in Russia.

Methods

This was a non-interventional, open, non-randomised uncontrolled,
observational study conducted in 20 centres in Russia. Eligible
subjects were naive to pharmacologic anti-diabetes treatments and
had prediabetes according to commonly-used glycaemic criteria
proposed by the American Diabetes Association (ADA), based on
measurement of fasting venous plasma glucose (FPG), post-load
glucose or HbA 1c (Box 1) [2]. Subjects received immediate-release
metformin (Glucophage®) orally and in two daily doses, at a total
dose of 1,000—1,700 mg/day, depending on efficacy and tolerability
as assessed by the physician within the usual care setting. Women
of childbearing age maintained adequate contraception for the
duration of treatment. The duration of treatment analysed was 12
weeks.

The primary endpoint was the percentage of subjects with
normalised FBG, defined as a final FBG <5.6 mmol/L (100 mg/
dL). Secondary endpoints were the percentage with normalised
HbAlc (<5.7% [39 mmol/mol]), absolute changes in HbAlc,
and the percentage of subjects with normalised post-load glucose
following a 75 g oral glucose tolerance test (OGTT), where data
were available from patients’ routine care notes. Safety was
assessed by recording adverse events (AEs), according to standard
Medical Dictionary for Regulatory Activities (MedDRA) criteria.

The desired size of the population was estimated based on the
expected proportion of patients with normalisation of glycaemia
based on previous studies. Data were analysed using descriptive
statistics and data are presented as percentages of patients or
as means (SD). No formal significance testing was used for
measurements of plasma glucose. Patients with missing data
were omitted from analysis of individual variables. A logistic
regression analysis was undertaken to explore the effects of several
demographic and disease characteristics known to influence
metabolic parameters on the likelihood of achieving normalised
plasma glucose. Adherence was measured by tablet count (number
of tablets taken divided by number of tablets prescribed times
100). Categories of adherence to treatment were: “excellent” for
>90%, “Good” for 76-90%, “moderate” for 50-75%, and “bad”
for <50%.

Patients provided written, informed consent before enrolment. The
study was conducted in a manner consistent with Good Clinical
Practice. Formal ethical approval of the study was not required, as

this was a non-interventional study with no impact on physicians’
usual clinical practice.

Results

Patients

Of 553 patients screened, 551 were enrolled into the study, between
February and November 2018; 531 subjects (96%) completed the
12-week treatment period. The most common reason for withdrawal
from the study was loss to follow-up (9 patients [1.6%]).

On average, the population was middle-aged, and overweight or
obese (Table 1). About two-thirds were female, and about four-
fifths stated that they did not use tobacco or alcohol. Prediabetes
had been present for about one year, on average. Mean HbAlc
and fasting glucose were in the high-normal range at baseline,
consistent with the diagnosis of prediabetes (Box 1).

5.6-6.9 mmol/L (100-125 mg/dL)
7.8-11.0 mmol/L (140-199 mg/dL)
5.7-6.4% (39-47 mmol/mol)

Fasting venous plasma glucose:

2 h post-OGTT plasma glucose:
HbAlc:
OGTT:
Box 1: Glycaemic criteria for diagnosing prediabetes proposed by the
American Diabetes Association and used in this study [2].

75 g oral glucose tolerance test.

Males/females, % 34/66
Mean age (SD), y 53.7 (11.5)
Mean weight (SD), kg 90.6 (16.3)
Demographics® -
Mean body mass index (SD), kg/m? | 32.2 (5.6)
Smoker/ex-smoker/non-smoker, % 16/4/80
Alcohol (yes/no), % 18/82
Predlabe‘:te‘s Duration of prediabetes (SD), 12.8(15.7)
characteristics months
Mean fasting plasma mmol/L 6.3 (0.5)
glucose (SD) at baselineb mg/dL 113 (8)
Mean HbAlc (SD) at % 6.0 (0.4)
baseline® mmol/mol 42(2)
Cardiovascular disease, % 69
Known, pre-existing Hyperlipidaemia, % 54
concomitant conditions® Hepatic diseases, % 6
Renal diseases, % 3

Table 1: Demographic and disease characteristics of the study population
at baseline.

Treatments

All received lifestyle advice before receiving metformin, resulting
in 97% reportedly altering their diets and 90% reportedly
increasing the amount of exercise they took. The mean daily dose
of metformin at study end was 936 mg (SD 260 mg). The range of
doses taken was 500—-1,700 mg.

Effects on glycaemia

Treatment with metformin was associated with a reduction in
FPG of —0.8 mmol/L (14 mg/dL); although no formal significance
testing was conducted, the 95% CI for this reduction did not
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include 1.0, suggesting a significant effect (Figure 1a). FPG was
normalised (the study’s primary endpoint) in about 6 patients in 7
(Figure 1b).

Figure 1: Effects on fasting plasma glucose.
Mean difference
—-0.8 mmol/L
(95%CI -0.8 to —0.9)

7 - [

Mean fasting plasma glucose (mmol/L)
'S

Baseline 12 weeks

a) Mean change in fasting plasma glucose at 12 weeks.

Not
normalised

(11%)

b) Percent with normalised fasting plasma glucose (primary endpoint).
Numbers of patients were 550 at baseline and 534 at 12 weeks. Mean
change was based on 534 subjects with measurements at baseline and at 12
weeks. Normalisation of fasting plasma glucose was defined as achieving
a value <5.6 mmol/L (100 mg/dL) at 12 weeks (see text). Bars are SD.

Mean HbAlc was reduced by —0.4% (95% CI -0.3 to -0.5),
although data at baseline and last visit were available for only
189 patients. HbAlc was normalised at 12 weeks in 100 patients,
and not normalised on 89 patients. Mean post-OGTT glucose
was reduced by —2.0 mmol/L (95%CI -1.5 to -2.4) [-36 mg/dL
(95% CI -27 to -43)], although data were available only for 51
patients. Post-OGTT glucose was normalised in 40 patients, and
not normalised in 17 patients.

A logistic regression analysis was performed to assess the effects
of covariates on the likelihood of achieving normalisation of FBG
(Table 2). Increasing age slightly but significantly reduced the
likelihood of normalisation of FBG at 12 weeks. An initial dose
of 850 mg of metformin was associated with a lower likelihood
of achieving normalisation of FBG, compared with an initial dose
of 500 mg, while a higher initial dose had no significant effect.
These effects were similar in Univariate and multivariate analyses.
Smoking, alcohol, diet, BMI and duration of prediabetes were
without significant effect.

Table 2: Results of a logistic regression analysis to explore the effect
of covariates on achievement of the primary endpoint (normalisation of
fasting plasma glucose [FPG] after 12 weeks of treatment with metformin).

Regression | OR (95%CI) for
Independent variable coefficient | normalisation of P
(SD) FPG
Smoking status Smoker 0.37(0.42) | 1.45(0.63t03.32) | 0.38
(reference
non-smoker) Ex-smoker | —0.80 (0.53) | 0.45(0.16to 1.27) | 0.13
Alcohol intake (reference no use) | 0.39 (0.33) | 1.48 (0.77t02.82) | 0.24
Diet (reference on a diet) 0.26 (0.33) | 1.30(0.68 to 2.46) | 0.43
Age (years)? —0.05 (0.01) | 0.95(0.93 to 0.98) | 0.0002
BMI (kg/m?)* —0.02 (0.02) | 0.98 (0.94 to 1.03) | 0.42
Duration of prediabetes (months) | —0.01 (0.01) | 0.99 (0.98to 1.01) | 0.43
Initial dose of met- 850 mg | —1.25(0.49) | 0.29(0.11t0 0.74) | 0.01
formin (reference
500 mg) >1,000 mg | 0.10(0.38) | 1.11(0.53t02.31) | 0.79
a) Univariate logistic regression analysis.
1 0,
Independent Regresslon OR (95VA)C.I) for
variable coefficient normalisation of P
(SD) FPG
Age (years)* | —0.05 (0.01) | 0.95(0.93 to 0.98) | 0.0002
Initial dose of 850 mg —1.27 (0.50) | 0.28 (0.11 t0 0.76) | 0.01
metformin (refer-
ence 500 mg) >1,000mg | 0.30(0.38) | 1.34(0.63t02.86) | 0.44

b) Multivariate logistic regression analysis.

Changes in medication and adherence to therapy

The mean daily dose of metformin was 936 mg (SD 260), and
the median daily dose was 1,000 mg. Information on changes
to medication during the study was available for 536 patients
(97% of the overall population). Most of the population (82%)
did not change their initially prescribed medication. Changes
to medication by 12 weeks occurred for 15% of the population,
usually an increase in dose. Adherence to metformin therapy was
“excellent” (>90%) in 79%, “good” (76-90%) in 14% “moderate”
(50-75%) in 3%, and “bad” (<50%) in 1% (data on adherence
were unavailable for 19 subjects (3% of the overall population).
Accordingly, adherence was “excellent” or “good” in 93% of our
population.

Tolerability and safety
Thirteen patients (2%) reported 32 AEs. All were mild to moderate
in intensity. Sixteen AEs considered related to treatment occurred
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in 7 patients (1%). Gastrointestinal symptoms were common
(9 treatment-related AE, of which 5 were diarrhoea). One AE
(ventricular tachycardia) was reported as a serious AE and was
considered to be unrelated to study treatment. No AEs related to
changes in vital signs or laboratory parameters were reported.

Discussion

We showed that a treatment with metformin reduced mean FPG
substantially, and normalised fasted plasma glucose, according to
ADA criteria [2], in a population of 551 subjects with prediabetes in
Russia. Tolerability findings included gastrointestinal symptoms,
as would be expected with metformin. All of the AE considered
related to treatment were mild or moderate in intensity, consistent
with the high retention rate of patients in the study.

The reduction in mean FBG (-0.8 mmol/L) and rate of
normalisation of FBG (86%) were larger than those seen in
an observational evaluation of similar design in subjects with
prediabetes in Hungary (—0.55 mmol/L and 43%, respectively),
despite similar FBG at baseline (6.3 mmol/L and 6.1 mmol/L,
respectively) [19]. The reason for this difference is unclear. The
median metformin dose in each study was identical, at 1,000 mg/
day. Previous clinical experience in type 2 diabetes suggests that
the efficacy of the two formulations is similar [20]. Differences in
usual care for prediabetes between the centres in each study may
be relevant, in particular the application of lifestyle intervention,
as advised for most patients in our study. Also, these formulations
have not been compared directly in people with prediabetes, and
comparisons between different trials must be made cautiously.
Metformin reduces plasma glucose effectively irrespective of
ethnicity [16], and these results are likely to be relevant to other
populations, although further studies in specific populations will
be useful in future.

As the diagnosis of type 2 diabetes is made according to the level
of plasma glucose, a reduction in plasma glucose with metformin
may explain part of the reduction in the risk of diabetes observed
in the DPP, and other randomised, controlled trials [14,16,21].
Lower fasting glucose predicted reversion from prediabetes to
normal glucose tolerance in the DPP [22]. However, an analysis
from the DPP showed that a short-term effect of metformin on
diabetes accounted for only about one-quarter of its efficacy in
preventing diabetes [23].

The finding that increasing age slightly reduced the efficacy
of metformin in normalising plasma glucose is consistent with
experience form the DPP, where metformin was more effective
in younger patients [14]. There was no effect of increasing BMI
on glycaemia in our study, however, in contrast to the DPP
where metformin was most effective in more obese subjects. The
apparent lack of efficacy of metformin 850 mg, compared with 500
mg, in the logistic regression analysis is puzzling, as the efficacy
of metformin on plasma glucose in people with type 2 diabetes is
dose-related over this range of doses [24].

Metformin was well tolerated in this study. Indeed, metformin was

chosen for evaluation in the DPP partly due to its well understood
safety profile from decades of therapeutic use in diabetes, as well
as its known efficacy in reducing plasma glucose [21]. Starting
at a low dose, titrating the dose cautiously, and reducing the
dose (perhaps temporarily) have been shown to assist patients in
tolerating metformin [25]. The prolonged release formulation,
which also normalised fasting glucose in a substantial proportion
of patients, is an option for some patients who cannot tolerate the
immediate release formulation [26].

Our study has some important limitations, particularly its
uncontrolled, observational design. While the reduction on plasma
glucose with metformin is consistent with reduced risk of clinical
type 2 diabetes, as described above, our study was not long enough
to measure rates of development of diabetes. However, recognition
of the importance of observational data in the evaluation of
pharmaceutical products has increased in recent years, as they
reflect real-world usual care practices unconstrained by the more
rigid design of a randomised, controlled trial [27]. The proportion
of patients without data on HbA lc or post-OGTT glucose was high,
reflecting the non-interventional nature of the study, where only
data collected during routine care visits were available. Strengths
of our study included the relatively broad inclusion criteria that
allowed recruitment of a population typical of that seen in routine
care, the retention of 96% of our patients, and the high level of
compliance with metformin.

Conclusion

Treatment of a population of people with prediabetes with the
immediate-release formulation of metformin normalised FBG
(according to criteria from the ADA) in 86% of the population,
in an observational study conducted under usual care conditions
in Russia. Metformin was well tolerated, consistent with previous
clinical experience with this treatment. These real-world data
add further evidence in support of a role for metformin with the
management of people with prediabetes in the routine, usual care
clinical setting.
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