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Abstract:

Metformin is indicated as the first line treatment in type 2 diabetes mellitus (T2DM). The objectives of this study
were to assess electrolytes and glycosylated haemoglobin (Hb1Ac) in patients with T2DM using metformin for long
term therapy and also to demonstrate compliance with the guidelines regarding renal impairment. This study has been
conducted in Al-Nassiriya Province. It was carried out on sixty patients (with T2DM for 5 years, age: 50-60 years).

We found that 43% of physicians use creatinine levels as a test for follow up while the others use urea and/ or
glomerular filtration rate (GFR). Only 57.2% of physicians follow the guidelines by doing the test every three months.
The results showed high potassium and low sodium levels in patients treated with metformin only compared with other
oral hypoglycaemic agents (OHAs). However, both were still within the normal level and statistically insignificant (P >
0.005). Calcium readings were high in patients treated with metformin compared with other OHAs and were statistically
significant (P < 0.005), but still within the upper normal level. HbAlc was low (7.33%) in patients treated with
metformin combined with other OHAs compared with HbAlc in patients treated with metformin only which was 9.48%
and was statistically significant (P < 0.005). We need more clinical studies about electrolytes association with
metformin. HbAlc should be taken in consideration when treating type 2 diabetes with metformin as initial therapy
alone or in combination with other OHAs and /or withdrawn from metformin.
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Introduction: Although metformin is the first line of treatment when
the HbALc is above 7% (Group, 1998a), recent studies

Diabetes is defined as a metabolic disorder showed that combination of two oral hypoglycemic
characterised by increase of the blood glucose due to agents  significantly decrease HbAlc compared to
defects in insulin secretion, insulin action, or both. monotherapy of metformin (Reasner et al., 2011).
Type 2 diabetes is a combination of insulin resistance in However, adding metformin to insulin was significantly
the liver and muscle in addition to the impaired insulin more effective of HbAlc reduction than insulin alone
secretion form the B-cell of the pancreas. It contributes (Hemmingsen et al., 2012). The main guidelines for
to 90 to 95% of all diabetes. Type 2 diabetes is highly metformin use are based with respect to the renal
prevalent globally with wide range of variation 0-5,300 function although it might be different in terms of
per 100,000 population (Fazeli Farsani et al., 2013). which marker taken |_n_cons_|derat|on. For instance, US
There is no absolute deficiency of insulin and other Food and Drug Administration (FDA) recommend that
autoimmune diseases do not coexist. Genetic factors are metformin should be contraindicated if the serum
the major etiological factor in type 2, polymorphic creatinine is > 1.5mg/dl for male and > 1.4 mg/dl for
genes are to be blamed which contribute to 20% of women. Addltlona"y, metformin should not be started
diabetes type 2 and found in the subunit of B-cell. for patient > 80 years unless renal function is shown to
Other environmental factors also increase susceptibility be unreduced. (Administration, 2014). Nevertheless, the
of this form like obesity, lack of exercises and with estimated glomeruler filtration rate (eGFR) is widely
age.(Kahn et al., 2014) (American Diabetes, 2011). used as a cut point. For example, in the UK the national
Metformin is the commonest agent used and the first- institute for health and clinical excellence they use
line drug treatment for type 2 diabetes. The mechanism eGFR below 30ml/min per 1.73m2 (Clinical and
of action is by enhancing insulin sensitivity and Excellence, 2015, KDOQI, 2015). Metformin is
increasing glucose uptake, decreases glucose absorption excreted unchanged by kidneys and might accumulate
from the gut, and increases fatty acid oxidation (Rena et in patient with renal failure (Sambol et al., 1995).
al., 2013). Glycated haemoglobin (GHB), reported as However, ~metformin serum level is generally
haemog'obin Alc (HbAlc)1 is go|d standard test to maintained W.lthln the normal therapeu'tlc ra':]ge even
monitor long-term glycemic control and assess the risk for those patients with renal dysfunction(Frid et al,,
of developing complications (Group, 1993, Group, 2010). Therefore, drug level measurement has neither
1998b). Although the target level of HbAlc is different therapeutic nor diagnostic significance (Inzucchi et al.,
between countries but WHO has determined the cut 2014). A few studies had been conducted on electrolyte
point at 6.5% for DM type 2, and for those at risk of changes of patients taking metformin. Treatments of
hypoglycaemic risk is to be 7.5%(Walker et al., 2014). diabetic patients with metformin shows elevated serum
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Ca+2 level and insignificant elevation of potassium
and reduction of sodium values (Javaid et al., 2007).

Materials and methods:

Patients:

Sixty patients (50 to 60 years old, having T2DM for 5
years) were examined and investigated in Dr.Thaer
Jabbar's clinic and Dr. Riyadh Khayon's clinic in Al-
Nassiriya city. Selection criterion was metformin or
other OHA ( Glibenclamide, Glimepiride, Repaglinid )
and metformin as combined or monotherapy. Blood
samples were taken and processed for K+, Na+, Ca+2
and Hb1Ac.

Biochemical essay:

ARCHITECT —~AEROSET Abbot c4000 was used for
Biochemical essay. Essay included creatinine
estimation through Alkaline Picrate methodology
(Bowers and Wong, 1980). Calcium essay was
performed via Arsenazo Il methodology (Janssen and
Helbing, 1991). Both potassium and sodium were
assessed by The ICT technology (Integrated Chip
Technology) via application of ion selective electrodes
of diluted (indirect) (Tietz NW, 1994). Urea was
measured by unease which was originally enzymatic
essay described by Talke and Schubert (Talke and
Schubert, 1965).The samples were collected via
traditional  venipuncture (apart from tourniquet
exclusion to avoid artefact with calcium reading), with
using of heparin as an anticoagulant. (McMullan et al.,
1990). Blood sample were dealt with automated
dilution protocol with normal saline via Abbott system.
For HbAlc evaluation, cation exchange high
performance  liquid  chromatography (CE-HPLC)
(Sofronescu, 2013) was used.

Survey:

A questionnaire was asked to 20 physicians about the
obedience with guidelines of metformin, whether they
considered it as first line, or they preferred
combination, what was their markers for follow up and
how often they do this test.

Statistics:

The statistics was done using both Microsoft office
Excel and SPSS wversion 17.11 to calculate the
results.(mean, standard deviation, standard error).
Independent T-Test was used to compare metformin
patients’ results with other hypoglycaemic agent and P
value was calculated (P value less than 0.005 was
considered significant).

V¢

Results:

The survey for all metformin therapy showed that
54.29% of patients were on metformin only while
45.71% were on metformin combined with other
OHAs ( Figure 1). However, most of the patients had
metformin started since the diagnosis, where they
counted for 84.29% while the other 15.71% were
switched from other OHAs (Figure 2).

Metformin combined with other oral hypoglycemic
agent

Hettermmenty _

a0 45 S0 55
Percentages of Type2 Diabetes on different oral hypoglycemic agents

Figure 1. Type 2 diabetic pateints using metformin versus
patients using metformin combined with other oral
hypoglycemic agent.

Switched from other oral hypoglycemic
agent

Started on metformin and never
changed

percentages of Meformin therapy

Figure 2 . Comparison between initial metformin therapy
and switching from other oral hypoglycaemic agent.

In terms of the clinical investigations used as a reliable
marker for follow up of renal function, about 43% of
physicians use creatinine level as sole marker, 42.9%
use both creatinine and urea as reliable markers, and
14.1% use both urea and GFR as markers (Figure 3)
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Figure 3. Percentages of physicians using certain clinical
investigations as a reliable marker for renal function
while patient is on metformin.

Regarding time scale frequency for follow up of renal
function while patient is on metformin, only 57.2% of
physcians follow the guidelines by doing the test every
three months, while 28.5% of physcians do the test
every two months and 14.3% of physcians do the test
every one year (Figure 4).
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Figure 4. Percentages of physicians using different time
categories for follow up of renal function while patient is
on metformin.

The lab results showed that the mean value of
potassium level was 4.4 mEg/l for those who were on
metformin compared with 4.3 mEq/l who were on other
OHAs. However, the difference was statistically
insignificant (P value is 0.659) (Standard error=
0.006028 and 0.001048 respectively) (Figure 5).

Potassium level

K+ level mEq/L

Patients on other oral

Patients on metformin R
hypoglycemic agents
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Figure 5. Potassium level in patients on metformin versus
patients on other oral hypoglycemic agents.
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Patient on metformin only had lower sodium level with
mean average of 136 mmol/L compared with 140
mmol/L for those on other OHAs. The mean different
was statistically insignificant (P value =0.451)
(independent T-test was used) yet it is within the
normal upper value(standard error = 0.106299 and
0.17766 respectively) . (Figure 6)
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Figure 6. Sodium level in patients on metformin versus
patients on other oral hypoglycemic agents.

There was a significant increase ( P value< 0.05) of
calcium level (mean average is 10 mg/dL) in patients
using metformin alone compared to other patients using
other OHAs (mean was 8.8 mg/dL). However, both
readings were within normal limits of calcium level
(standard error = 0.100844 and 0.016468 respectively)
(Figure 7).
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Figure 7. Potassium level in patients on metformin versus
patients on other oral hypoglycemic agents.

The results revealed that Hb1Ac for patients using
metformin alone is significantly (P value < 0.05) higher
than those using metformin combined with other OHAS
(standard error = 0.041202 and 0.006638 respectively)
(Figure 8).
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Figure 8. HbA1c levels in patients on metformin versus
patients on metformin combined with other oral
hypoglycemic agent.

Discussion:

In context of renal impairment and cautions, our
survey result showed that neither the guidelines nor a
lab test are consistently followed. Only 43% of
physicians use the creatinine level, and only 57 % of
physicians performed the test every 3 months which is
the typical time for follow up. i.e. roughly speaking
only half of the physicians follow the guidelines. Our
results are consistent with other studies in European
countries which demonstrated that these guidelines are
commonly disregarded (Holstein et al., 1999).

Lack of the proper test (GFR, creatinine clearance) in
the public/ government hospital might be a crucial
hinder to perform the right test. On the other hand,
although metformin is the drug of choice in T2DM
(Tahrani et al., 2007), according to our questionnaire
only 84% of physicians prescribe this drug as first line
of treatment and no contraindication had been
identified.

Our study of sixty patients with T2DM was highly
selective to decrease the confounder’s effect. We
compared metformin with other OHAs. In this case we
have taken patient of 50 to 60 age having T2DM for 5
years treated with metformin only or with other OHAs,
so that our study can be a “case- control study” for
comparison of electrolyte levels.

A comparative study of metformin versus other
hypoglycaemic agents illustrated that calcium is
significantly elevated in metformin therapy compared
to other OHAs. However, insignificant elevation of
potassium and reduction of sodium values were
recorded in patients taking metformin (Javaid et al.,
2007). Another large study (>97000 patients) also
reported high potassium and calcium in diabetic
patients treated with metformin. In concession, this
study was not a comparative one (EHealthMe, 2015).
Nevertheless, our study was consistent with these
studies. There was a significant increase of calcium

&

level in patients using metformin alone compared to
patients using other OHAs. The results also showed
high potassium and low sodium levels in patients
treated with metformin only compared with patients
using other OHAs. However, both were still within the
normal level and statistically insignificant. Metformin
increases the excretion of Na+ by enhancing its
glomerular filtration rate (Dorella et al., 1996). Further
studies needed to be done in concern to the effect of
metformin on Ca+2 and K+ excretion.

Finally, HbAlc was significantly low in patient having
metformin combined with other OHAs compared with
those having metformin only. Although none of them
achieved the target level (6.5%) but a significant
difference between the means was cleared. Our results
came in tandem with other results which support
combination (Reasner et al., 2011) where metformin
lower HbAlc more efficiently as combination than
metformin  therapy. However, combined oral
hypoglycaemic agent do work better on HbAlc than
monotherapy (Rockville, 2007)

Conclusion and recommendations:

1. National and local guidelines of metformin should
be modified and restructured according to the
clinical practice in relation to the mid-moderate
kidney disease. A clear cut point level as red flag
should be identified. Otherwise, guidelines will be
overlooked and even disregarded in the clinical
practice which current issue.

2. We need more randomised controlled clinical
studies about electrolytes association  with
metformin for two folds. One to support the renal
function relation or not without confounders or
bias, and second to justify the significant difference
between them.

3. HbAlc should be taken in consideration when
treating T2DM with metformin as initial therapy,
combination and or withdrawn from metformin,
because secondary failure to achieve the target level
HBAlc had been encountered. This was
unfortunately overlooked at both guidelines and
clinical practice and as an approached ladder to
HbAlc target.
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