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Low metformin dose and its
therapeutic serum concentration
in prediabetes

Edyta Sutkowska'™, Paulina Fortuna?, Jerzy Wisniewski?, Karolina Sutkowska?,
Pawel Hodurek?, Andrzej Gamian®* & Bernadetta Kaluza®

This prospective study aimed to analyze whether the patients with pre-diabetes (pre-DM) reach
the TC (therapeutic concentration) of the metformin during repeated, low, constant drug dose. The
guidelines do not recommend any metformin dose for this group of patients. Based on the previous
study after a dose of 1700 mg/day the patients seem to reach the therapeutic drug concentration,
which guarantees the glycemic effect. Twenty patients with new-diagnosed pre-DM were treated
with a 1500 mg/day regimen of the metformin for 15 weeks. The serum concentration of the drug
was assessed by liquid chromatography-mass spectrometry technique at 6 and 15 week of the
treatment. The correlation of the serum metformin concentration with BMI (body mass index) and
patients’ weight was also performed. The mean metformin concentration was: 4.65 pmol/L (+2.41)
and 5.41 pmol/L (z 3.44) (p =0.27) after 6 and 15 weeks of the treatment respectively. There was a
positive correlation between the serum concentration of the metformin and body weight (but not
BMI) in the 15th week of the therapy (p =0.04)- the higher body weight the higher concentration of
the metformin. Patients with pre-diabetes can be successfully treated with a low dose of metformin,
to reach the drug’s therapeutic concentration. Body weight can impact the metformin serum
concentration during long-term treatment what should be taken into consideration when choosing
the dose because of its pleiotropic effect e.g. on the cardiovascular system via reduction of the
oxidative stress and would be not connected with the drug’s hypoglycemic effect.

ClinicalTrials.gov number: NCT03398356; date of first registration: 01/07/2018.

The DPP (Diabetes Prevention Program)’ study showed that people who are at high risk for T2DM (type 2 dia-
betes mellitus) can prevent or delay the disease by lifestyle modification (diet and increased physical activity) or
taking metformin by 58 and 31 percent, respectively, compared with placebo.

The DPPOS (Diabetes Prevention Program Outcomes Study)?, the follow-up program for DPP participants,
confirmed that these individuals who were treated with metformin delayed in the development of T2DM by 18
percent compared with the “placebo group’, after 10 and 15 years of the observation. This was especially ben-
eficial for those with higher baseline FG (fasting glucose) or HbAlc and women with a history of gestational
diabetes mellitus®. The cost-effectiveness of the therapy was also noticed*. In the DPP, metformin also improved
lipoprotein subfractions®, C-reactive protein and tissue plasminogen activator® results. The metformin therapy
also affected the incidence of metabolic syndrome (decreased by 17%) generally” and the presence and severity
of coronary artery calcium in men, compared to placebo®.

Based on this information as well as other small-scale studies, in 2016 the National Institute of Diabetes &
Digestive & Kidney Diseases together with the National Heart Lung and Blood Institute and the National Cancer
Institute, began funding a third phase of DPPOS. These part of the study is planned for 10 years, and research-
ers want to find out if people who are at high risk for type 2 diabetes and take metformin are at a lower rates of
cardiovascular diseases and cancer because of its impact on the reduction of the e.g. oxidative stress.

The range of doses of the medicine that produces defined therapeutic effect without significant side effects
is called the therapeutic window and means the amount of medicine that should result in the expected ben-
efits (effectiveness of the drug). While in the case of expected simple effects such as lowering blood glucose,
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determining the therapeutic dose of the hypoglycemic agent seems relatively simple due to the easy assessment of
effectiveness, it is more difficult to answer the question what we consider as the therapeutic dose for a drug with
pleiotropic effect e.g. via antioxidant activity. The example is metformin because we expect not only the hypo-
glycemic effect but also the pleiotropic ones. This effect could be find not only within the group of patients with
diabetes but also with pre-diabetes condition or maybe even in healthy population as is not related to glycemia.

Metformin has been demonstrated to reduce ischemic heart events compared to diet’, sulfonylurea
treatments'® and versus placebo in insulin treated patients with T2DM"!. The mentioned above DPP study was
the first to demonstrate that metformin may have a beneficial effect on coronary atherosclerosis in a prediabetic
population.

The average elimination half-life in plasma for regular form of the metformin is approximately 5 h. According
to this information, to reach steady-state, dosing 2-3 times per day is recommended!?. At usual clinical doses
and schedules, metformin steady-state plasma concentrations are generally < 1.5 pg/ml, and the maximum drug
plasma levels during controlled clinical trials do not generally exceed 5 pg/ml".

Prescribing the lowest, target dosage of the metformin (1500 mg/day) to the patients with pre-DM we strongly
believe that the drug reach the TC and thus e.g. protect them from diabetes. Previously, to check the metformin
concentration, blood samples only from healthy people or patients with type 2 diabetes were analyzed. The
therapeutic concentration for metformin is not well defined'* but could be find as range from 0.1 to 20.7 (median
4.5) pmol/L2 *15°17 To find if the smallest dose gives any pleiotropic benefit to the patients with pre-diabetes,
long-term studies are needed. The first step to starting this story could be the assessment of the metformin
therapeutic concentration in pre-diabetes population to whom the proper dose has not yet been established. The
aim of our study is to assess do the patients with pre-DM reach the TC of the metformin after 6 and 15 weeks of
the therapy of 1500 mg/day regimen.

Methods

Participants, patient’s diagnosis and treatment regimen. Compliance with Ethics Guidelines- The
study was performed in accordance with the Helsinki Declaration of 1964, and its later amendments. Written
informed consent was obtained from all the participants and the study was approved by the Medical University
Bioethical Committee in Wroclaw, Poland (approval number: KB385/2017).

Treatment-naive patients (regarding to hypoglycemic drugs), Caucasians, with new-diagnosed pre-diabetes
based on fasting glucose and OGTT (oral glucose test tolerance) results were qualified for treatment (by main
researcher-diabetologist) with immediate-release (regular form) metformin for 15 weeks (the period included
3 weeks titration) with final dose 1500 mg/day (3 x 500 mg). During titration period and blood collection visits,
patients were asked about metformin tolerance and compliance. The patients were also encouraged to contact
(telephone or personal) in any case of the problem with metformin tolerance.

The diagnosis of pre-DM was constituted if: FG was between 100-125 mg/dl ( 5.6- 6.9 mmol/L) for IFG
(impaired fasting glycaemia) and/or after 2 h of 75 glucose solution taken the glucose was between 140-199 mg/
dl (7.8-11.0 mmol/L) for IGT (impaired glucose tolerance), according to the local as well as European Associa-
tion for the Study of Diabetes criteria!’.

If potential side effects appeared, the patients could take a lower, well-tolerated dose of the drug.

Patients younger than 40 are rather encourage only to behavioral treatment in everyday practice so the authors
did not decide to include them into the study. The risk for any cardio-vascular diseases in elderly population,
defined as people over 65 yo'®, is higher than in the younger population. Since the risk of heart failure increases
with age and is a contraindication for the metformin use at any stage, the authors decided on this upper age limit
(similar to the United Kingdom Prospective Diabetes Study).

Finally, inclusion criteria were: patients age: 40-65 years, with newly diagnosed pre-diabetic status based on
fasting glucose and / or OGT'T, without metformin or other hypoglycemic treatment before, without ischemic
heart disease and/or stroke and/or PAOD (peripheral arterial occlusive disease) in a history.

Exclusion criteria for the patients were: diabetes, taking metformin or other anti-diabetics ever before the
study, active cancer as could have the potential impact on metformin dosing and tolerance, history of macro-
angiopathy (ischemic heart disease, stroke or transient ischemic attack, PAOD); serious gastrointestinal disease
that may affect the metformin tolerance, important renal failure (eGFR, estimated glomerular filtration ratio,
lower than 30 ml/min based on creatinine result), AlaT (alanin transaminase) > 3 X upper normal limit. The bio-
chemical exclusion criteria (¢GFR and AlaT) were based on European Medicines Agency'® and local guidelines®
for the metformin use.

The patients were recruited from Diabetes Centre Nowy Dwor between October 2017 and December 2018.

Blood sampling and data for baseline characteristics. The blood samples from the patients were
taken after 6 and 15 weeks (+2 days) of the treatment to assess the random metformin concentration. Every
time, beyond 3 weeks of the dose titration, next 3 weeks of target dose was established before the metformin con-
centration was assessed. The time, passed from the last dose of metformin taking, for patients who were visiting
laboratory for blood taking, was not define and precisely recorded, but patients visited the Centre between 08.00
a.m. and 02 p.m., after the morning dose of the metformin was taken with breakfast, thus the time passed from
the metformin intake was around 1-6 h?"?,

Before taking the first dose of the drug also information about baseline parameters like: lipids profile, AlaT,
creatinine, HbA1c if available, was collected from the patients’ records, as well as weight, height, BMI and infor-
mation about fatty liver based on the available ultrasonography organs’ description.
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Serum concentration of the metformin assessment and therapeutic range definition. Deter-
mination of metformin serum concentration was done by LC/MS (liquid chromatography-mass spectrometry)
technique.

Sample preparation. Blood serum was obtained by centrifugation at 1040 RCF (relative centrifugation force)
for 15 min at 4 °C in blood collecting tubes with calcium as precipitation enhancer.

100 pl 10% NaOH solution, 10 pl of internal standard (IS) solution (metformin-dé, 124 uM in water), 400 pl
of acetonitrile and finally 10 ul of benzoil chloride solution (10% (v/v) in acetonitrile) were added to 100 pl of
blood serum. The mixture was incubated for 10 min at 35 °C. Then mixture was centrifuged at 17,000 RCF at 4 °C.

100 pl of supernatant was moved to the chromatographic vial and 400 ul of water was added to create a sample.

LC/MS analysis. Measuring was performed using Agilent LCMS 6470 Triple Quadrupole tandem mass spec-
trometer equipped with Agilent UHPLC (Ultra-High-Pressure Liquid Chromatography), model Infinity 1290.

Injection volume of 1 pl of the aforementioned sample was taken, sample temperature in autosampler was
10 °C. The Waters BEH Shield C18 column (1.7 pm, 2.1 x 10 mm) was thermostated in column oven at 40 °C.
Used flowrate was 0.5 ml/min. Used eluents were: A: water with 0.1% formic acid (FA), B: methanol with 0.1% FA.
The gradient was as follows: 0.0 min—10% B, 0.5 min—10% B, 2.0 min—90% B, 3.5 min—90% B, 3.51 min—10%
B, 7.0 min—10% B.

Electrospray ionization (ESI) was performed in positive ionization mode at 4 kV voltage while nozzle voltage
was set to 0 kV with source gas 6 L/min at 250 °C and sheath gas 11 L/min at 350 °C.

Acquisition timeframe was 1.4-2.8 min. The multiple reaction monitoring (MRM) was performed. For
analyte (metformin) reactions of precursor ion 216.1 Da to—71.1,— 104.0, — 96.1 and — 56.2 Da fragments
were observed while for IS (metformin-d6) reactions of precursor ion 222.1 Da to—77.1,— 104.0,— 102.1
and — 59.2 Da fragments. The MRMs 216.1 — 71.1 Da for analyte and 222.1 — 77.1 Da for IS were used for
quantification. Five-point calibration curve was performed (0.5, 2.0, 5.0, 10.0, and 20.0 uM; R2: 0.994)%.

The therapeutic range for the metformin. The therapeutic range for the metformin serum concentration was
extrapolated from the studies on diabetes which were related to glycemia. Although the therapeutic serum con-
centration for metformin is not well defined* and come on limited data, based on few studies it could be find as
range from 0.1 to 20.7 (median 4.5) pmol/L'*'>717, if the kidney function is not disturbed, for the median drug’s
dose 1500 mg/day.

According to the DPP study we defined adherence to metformin as taking at least 80% of assigned study pills**.

Additional analysis. As additional analysis, the correlation between BMI and patient’s weight with serum
metformin concentration was also performed.

Statistical analysis. The Statistica 13 program was used with cut-off point for statistical significance (P)
at 0.05. In order to determine the significance, statistical tests were used in accordance with the distribution of
variables and the nature of the data (Student t test, Mann-Whitney test, The Wilcoxon signed-rank test). To
determine the correlation the Spearman’s rank-order correlation and the Pearson correlation was used.

Results

During the mentioned period, 26 people suspected for carbohydrate disturbances, by general practitioner, had
given oral consent to participate in the study. After obtaining the blood results, diabetes diagnosis was constituted
for one candidate, and the patient was disqualified from the further study procedure. Twenty five patients signed
consent form to participate in the study, but 5 of them canceled their previous consent after few days because they
found medication regimen (three times a day) or the study schedule too much absorbing in the context of their
everyday duties. Finally 20 patients with new-diagnosed pre-DM were treated with the final metformin dosage
1500/day for 15 weeks, but 9 of them temporally (for 3 weeks) took higher dose: 3000 mg/day (3 x 1000 mg).
However these 9 patients had wash-out period with dose reduction to 1500 mg/day, before the final metformin
concentration was assessed. None of the patients reported significant side effects of the drug. Compliance to the
metformin was 100% for the group, although several patients reported mild gastrointestinal complaints during
the first week of the treatment. These symptoms resolved after diet modification within a few days. The flow chart
of patients’ recruitment and description of the metformin treatment is attached as the Fig. 1.

The number of the males was 15 (75%), the mean patients” age was 53.8 (40-64). Baseline parameters for
studied group are shown in Table 1.

All the patients had fasting plasma glucose tests, OGTT, lipid parameters, AlaT, creatinine and ultrasonog-
raphy of the abdomen performed, but HbA1c was available only for 13 participants, as it is not a routine test in
diabetes diagnosis according to the local guidelines®. The baseline results of the cholesterol level, kidney func-
tion, HbAlc and liver parameters are shown in Table 1. One patient reach HbAlc>6.4% (46 mmol/mol), what
is considered as a value for diabetes, but presented results typical for glucose intolerance and not for diabetes.

The Total ion current (TIC) and The multiple reaction monitoring (MRM) for metformin-d6 and metformin
are in the Supplementary Materials (Figs. 1 and 2 respectively). The Calibration curve for the LC-MS/MS analysis
of metformin is in Supplementary materials Fig. 3.

Metformin serum concentration after 6 and 15 weeks of the treatment was similar within the group and all
the patients reached the proposed therapeutic concentration after only 6 weeks of the therapy (Table 2).
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The flow chart of the management of the patients
Recruitment of the patients from Diabetes Centre

October 2017- December 2018

!

Oral consent to participate: YES: 26 individuals

U

Met “Inclusion criteria,, and written consent: YES: 25 patients

U

Metformin start: YES: 25 patients (from 500 mg/day)
@ts withdraw previous consen<§

3 weeks titration to the dose: 1500mg/day

Study continuation and good medicine tolerance: YES: 20 patients

3 weeks continuation of the dose 1500mg/day

6 weeks passed- Control visit: blood samples for metformin serum concentration: 20 patients

3 weeks titration

for 3000mg/day 9 weeks continuation
+ of the dose 1500mg/day :

3 weeks continuatio

of the dose 3000mg/day

+

3 weeks continuation

of the reduced dose to 15000mg/day

9 patients 11 patients

15 weeks passed- Final visit: blood samples for metformin serum concentration: 20 patients

Figure 1. The flow chart of the management of the patients.

The correlations of the serum drug concentration with BMI and body weight, during the proposed met-
formin regimen after 6 (Figs. 2 and 3 respectively) and 15 (Figs. 4 and 5 respectively) weeks of the treatment

were assessed.

There was positive correlation between the serum concentration of the metformin (but not BMI) and the
body weight after 15 weeks of the therapy. No correlation between these parameters was found after 6 weeks
of the treatment. The correlation between these variables after 6 and 15 weeks are presented in Tables 3 and 4,

respectively.
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Total number of patients 20

Llfl?x;ber of patients/[%] 13/(65]

IGT, . p

number of patients/[%]

IFG+IGT ) 6/

number of patients/[%]

Ell\gz/ %lggD/j]n/?lrst quartile-Median-Third quartile 31.21/[4.68]/27.75-30.05-40.20
;\AA]Z;gn}}t[s(ng])/ First quartile-Median-Third quartile | 480 /[12:45)/84.5-93.00-101.50
&(éi;/(?;%(]i/l)range 196.55/ [48.24]/133-323
IMDe];;/([Igllg)/](}i)ange 117.42/[31.37]/81-207
I\H/Iga\Lr;/([rSnlsg]/;irl;nge 51.55/(13.39]/32-80
{/Icergr(xr/r[lsgll)d]l/)range 118.95/[45,32]/55-227
I\A/Il:;rri/([gl/)l])/range 30.55/[12.79]/8-61
fi:fﬁ‘f[é%“ﬁ/faﬂge 0.86/[0.15]/ 0.59-1.2
i/izﬁ}ts(gj]l//?a];;/emz> 94.42/[16.28]/67.17-124.57
II;I/[]z?nl/C[ISZD((],/Zla/n(;;mOI/mOD 5.7 1 39/[0.69]/4.8-7.5% /29-58
f:ltr;ybl:r,e(ff patients/[%] 12/[60]

Table 1. Baseline parameters and lab-tests results for studied group. ,Impaired fasting glucose; ,impaired
glucose tolerance; ;body mass index; ,standard deviation, stotal cholesterol level, Jow density lipoprotein;
;/high density protein; gtriglycerides; qalanine transaminase; jcreatinine; ; estimated glomerular fraction;
1.glycated hemoglobin.

Metformin [umoliL] 6 weeks of the treatment

o

2 24 26 28 30 32 34 36 38 40 42
BMI [kg/m2)]

Figure 2. Correlation between metformin concentration after 6 weeks of the treatment with BMI.

Scientific Reports |  (2021) 11:1168y | https://doi.org/10.1038/s41598-021-91174-7 nature portfolio



www.nature.com/scientificreports/

Metformin [umoliL] 6 weeks of the treatment
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Figure 3. Correlation between metformin concentration after 6 weeks of the treatment with body weight.

Descriptive statistics

Prameter Number of patients | Mean | SD, | First quartile | Median | Third quartile | Min | Max |p
Metformin [pumol/L]

6 weeks of the treatment 20 4.65 241 | 275 4.40 6.10 1.50 9.5 .
Metformin [pumol/L] ’
15 weeks of the treatment 20 5.41 3.44 |3.30 4.75 6.75 1.20 | 15.10

Table 2. Metformin serum concentration after 6 and 15 weeks of the treatment. SD,- standard deviation, p-
statistical significance.
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Figure 4. Correlation between metformin concentration after 15 weeks of the treatment with BML

Discussion

During the study the adherence to the drug was excellent what gives the researchers opportunity to assess the
impact of the low dose of the metformin on the results. The study has shown that after quite short period of the
treatment (6 weeks after treatment was started, 4 weeks of the final regimen 1500 mg/day) patients with pre-
diabetes reached the therapeutic metformin concentration, which is attributed to the glycemic effect in diabetic
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Figure 5. Correlation between metformin concentration after 15 weeks of the treatment with body weight.

Correlation
Parameter Mean | SD rXY) |p Number of the parameters
Metformin [pmol/L]
6 weeks of the treatment 465 241 ~0.069 | 0.77 |20
BMI [kg/m?] 31.21 4.68
Metformin [pmol/L]
6 weeks of the treatment |+ 241 0213 | 036 |20
Weight [kg] 94.80 | 1245

Table 3. Correlation between metformin concentration after 6 weeks of the treatment with BMI and body
mass. SD- standard deviation; r(XY)- Pearson correlation; p- statistical significance.

Spearman’s rank-order correlation

Number R
Pair of variables of the parameters Spearman P
Metformin [pumol/L ] 15 weeks of the treatment
& BMI [ke/m] 20 0.42 0.06
Metf(?rmin [umol/L | 15 weeks of the treatment 20 045 0.04
& weight [kg]

Table 4. Correlation between metformin serum concentration after 15 weeks of the treatment with BMI and
body mass. BMI- body mass index; R Spearman- Spearman’s rank-order correlation; p- statistical significance.

population and based on previous studies'. In DPP study, where the adherence to metformin was 72% !, the par-
ticipants took the metformin with a total daily dose 1700 mg/day, which was shown to give the patients glycemic
benefit. Whether the daily dose, used in our study (1500 mg/day), protect patients from diabetes is unclear and it
should be studied in a bigger group of the patients with pre-DM with long-term drug use, however the metformin
serum concentration reached in the study therapeutic concentration according to the biochemical suggestions'*.

The blood metformin concentration at steady state depends on: the dose, bioavailability, total drug clearance,
volume of distribution and interval between doses*, and shows relatively low variability in individual but high
interindividual variability®. It was also find in our study. The difference of the metformin serum concentration
varied around 6-12-fold (see minimum and maximum concentration in Table 2). Some of our patients took
statins and Angiotensin-converting-enzyme inhibitors or Angiotensin II receptor blockers but these medicines
are not involved in interactions with studied drug and thus could not impact the metformin concentration
results'®. The metformin in our study was taken as 1500 mg/day of the regular form (three times a day 500 mg
with the time gaps declared by the participants were around 8-10 h). This suggests that bioavailability, total clear-
ance and volume of the distribution may have had an impact on the metformin serum concentration. None of
the patients in our study had GFR lower than 60 ml/min and, as was clarified at the exclusion criteria, we tried

Scientific Reports |

(2021) 11:11684 |

https://doi.org/10.1038/s41598-021-91174-7 nature portfolio



www.nature.com/scientificreports/

to exclude the potential gastrointestinal problems (clinically important liver disease or metformin intolerance)
which could have an impact e.g. on substance absorption. Aware that we cannot influence and detect all the
factors that modify the bioavailability of the drug (e.g. impact of the food) every day, we decided to find if body
weight and /or BMI could affect the serum drug concentration. In previous study it was shown that body weight
is a predictor for the volume distribution and thus can impact the serum concentration of the metformin?”2.
The results after 15, but not 6, weeks of the treatment have shown us positive correlation between the metformin
serum concentration and body weight (but not BMI) what can suggest that long-duration therapy can modify
drug serum concentration. In our study the higher body weight was, the higher concentration of the metformin
was observed. Interesting is that after 6 weeks of the treatment the Pearson correlation was negative, however,
weak and without statistical significance. After next weeks of the therapy the correlation reversed and was posi-
tive with moderate strength (without statistical significance for BMI, but with statistical significance for body
weight). The question is what happened. Because the group was small and because of the other, mentioned
below, limitation of the study we can only speculate. Generally BMI should not affect hydrophilic drugs’ volume
of distribution, which includes metformin, but in obese individuals increased eGFR and tubular secretion can
be responsible for higher drug elimination**?. This observation from previous studies can explain the results
after 6 weeks of the treatment in our research. However, the impact of the treatment duration on metformin
concentration has also been suggested. After a long period of using metformin, the important role of the deep
compartment can be seen. One study confirmed deceleration of average metformin elimination after 6 weeks
of the therapy due to distribution in the deep compartment (erythrocytes)*, so the relationship between drug
concentration and baseline patient parameters may differ from those previously known if we consider the dura-
tion of the therapy. This may have important clinical implications in the context of the pleiotropic effect.

The problem with interpretation of this data is due to the fact that the last metformin dose administration
time was not recorded, therefore potentially the trough, as well as the peak metformin concentration could be
found. The random blood sampling resulted from patient’s availability declaration. This relatively young, pro-
fessionally active individuals could not have been visiting laboratory at the time corresponding to minimum
and/or maximum serum drug concentration, because of their time constraint. However, a six-week period is
sufficient to establish steady-state drug concentration, and possible fluctuations should be within the recom-
mended therapeutic range if a constant dose and similar time interval are maintained. Thus, the interpreted
data reveal the metformin concentration at steady-state what reflects every day treatment effects, but the lack
of blood sampling regimen can bias the potential impact of the body weight on the results. Because metformin
alters insulin sensitivity in the human body, with all its consequences'?, the possible impact of this (e. g. correla-
tion with endogenous insulin or C-peptide concentration) on the observed correlation cannot be ruled out and
should be followed in future studies.

Because of a small group and disproportion between males (75%) and females we did not assess the impact of
the sex on the metformin serum concentration, although there are studies that confirmed sex differences in drug
blood concentration®-%. The serum metformin concentration may be also influenced by some renal transport-
ers. This was described in detail by Graham et al.'. Some of single nucleotide polymorphisms found in genes
which encoding organic cation transporters and multidrug and toxin extrusion transporter are associated with
observed lower serum metformin concentration in some subjects. However, the impact of cationic transporters
on clinical response in patients treated with metformin is rather limited.

All the participants with pre-diabetes reached the therapeutic metformin serum concentration after only
6 weeks of the 1500 mg/day therapy and none of them reached the drug concentration above therapeutic limit,
assigned to the patients with diabetes in previous studies. It means that even at such a low dose of drug, patients
can be successfully treated in mind of the biochemical parameters, what was never shown before (in DPP study
the dose was 1700 mg/day). To define if the obtained concentration is beneficial to the individuals with pre-DM,
gives the clinical effect and thus could be constituted as a therapeutic concentration for this group of patients,
plasma glucose and other parameters describing patients’ metabolic status should be assessed as effectiveness
biomarkers. The impact of body weight on metformin blood concentration cannot be excluded after longer
duration of the treatment. The aforementioned effectiveness of the low-dose therapy as well as the impact of the
treatment duration on the correlation of various patient parameters with drug concentration requires long-term
studies on a large number of patients. These could be clinically important in the context of pleiotropic effect of
the metformin e.g. it is more difficult to answer the question what we consider as the therapeutic dose for a drug
with pleiotropic effect e.g. antioxidant activity, on cardio-vascular complications.

Limitation of the study. The small number of the participants is the main limitation of the study. The
assessment of a random metformin concentration may also limit the analysis of correlation with parameters.

Conclusions

Patients with pre-diabetes can be successfully treated with a low dose of metformin, to reach drug’s therapeutic
concentration. Body weight can impact the metformin serum concentration during long-term treatment what
should be taken into consideration when choosing the dose because of its pleiotropic effect e.g. on cardiovascu-
lar system via reduction the oxidative stress, and would be not connected with the drug’s hypoglycemic effect.

Data availability

The data will be available at: https://pl.padlet.com/edytasutkowska/pddamutypcfn53do. The data were presented
at the 5th Cardiovascular Outcome Trial (CVOT) Summit. Munich (Germany), 24th-25th October 2019 as a
poster.
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