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Abstract
Diabetes has been a prevalent disease worldwide, and metformin has
been used widely as an oral hypoglycemic agent (OHA) for type 2
diabetes mellitus (T2DM). Its benefits include low cost, weight
neutrality, general effect and positive efficacy for cardiovascular
system. American Diabetes Association (ADA) has proposed diabetic
guidelines-2020 and evaluated metformin as predominant agent. They
include i) the preferred initial pharmacologic agent for T2DM, ii) once
starting of metformin, it should be continued as long as tolerated
without contraindication. Furthermore, recent studies showed safer
effect for impaired renal function. We cannot exclude such results and
will contribute the prevention of atherosclerotic cardiovascular disease
(ASCVD).
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Diabetes has been one of the most prevalent diseases in the world (1). Adequate treatment for diabetes has
been crucial in comprehensive manner including pharmacotherapy (2). For long years, metformin has been the
firstly provided oral hypoglycemic agent (OHA) for type 2 diabetes mellitus (T2DM) (3). Diabetologist or
primary care physicians have given T2DM patients metformin as a fundamental OHA. It has several
beneficial points, such as low cost, weight neutrality and generally positive efficacy for cardiovascular system
(3,4).
On the other hand, metformin has not been recommended to administer patients with chronic kidney disease
(CKD) and/or diabetic kidney disease (DKD), because of the possible risk of lactic acidosis (5). Lots of
diabetologists including the authors, have come to judge according to this recommendation and there was
some tendency of withdrawal of biguanide medicine. Diabetes has been the leading cause of CKD, leading to
DKD. Then, there have been various investigations for mutual relationships among diabetes, renal dysfunction
and effect of metformin (3-5).
Several studies showed the lack of the evidence that metformin would increase lactic acidosis in patients
with CKD (6). There are detail data concerning the value of estimated glomerular ﬁltration rate (eGFR)
in the following (7,8). From global outcomes for CKD, continuation of metformin is recommended for
patients with eGFR>45mL/min/1.73m2 (eGFR categories G1–G3a) and patients with eGFR 30-45
mL/min/1.73m2 (G3b). The discontinuation is recommended for patients with an eGFR less than 30
mL/min/1.73m2 (G4– G5) (7,8). Furthermore, FDA in US has allowed metformin use for patients with eGFR
of 45mL/min/1.73m2, but still restricted metformin for patients with 30 mL/min/1.73m2 (7). Consequently,
metformin usage with eGFR 30-45 mL/min/1.73m2 has been controversial (7,8).
As to a recent report, no difference was observed regarding to lactic acidosis events among metformin and
other OHAs (6). A few papers showed the beneficial effects of long-term use of metformin, with controversial
results (9-11). Consequently, there are some trials associated with the hypothesis that metformin use for CKD
would be beneficial in the light of incidence of lactic acidosis, mortality and prevalence of end-stage renal
disease (ESRD).
From several reports mentioned above until 2019, perspectives for metformin have been developed with
evidences. In 2020, ADA proposed the official comment in the standard of medical care in diabetes (12).
Among them, comprehensive approaches are observed from various points of view. ADA proposes patientcentered collaborative care and recommends diabetes care by a multidisciplinary team with subspecialty
physicians, primary care physicians, nurse practitioners, and other hygiene professionals (12). The goal of
diabetic therapy would be to optimize Quality of Life (QOL) and to delay diabetic complications.
Furthermore, therapeutic plan needs to include patient-based values and preferences (12). The principle of
diabetic treatment has three factors, which are nutrition, exercise and references.
Regarding pharmacologic approaches, the preferred initial pharmacologic agent for long period is metformin
(level A) (13). ADA guideline shows that once starting of metformin, it should be continued as long as it can
be tolerated without contraindication. If needed, other agents and insulin would be added to fundamental

Journal of Clinical Case Reports and Medical Research

Commentary
Article Id: JCCRMR-20-05

prescription of metformin (level A). In some patients, early combination treatment can be considered at the
initiation of OHA (level A).
Among these, patient-centered care has to be applied to decided which pharmacologic agents to be chosen
(13). They include various factors, such as cost, influence on weight, risk for adverse effects, hypoglycemia
risk and cardiovascular comorbidities (13,14). In particular, important perspectives are possible development
of atherosclerotic cardiovascular disease (ASCVD) and indicators of high ASCVD risk, CKD, and heart
failure (HF) (15).
As first line diabetic agent consists, metformin has been safe, effective and inexpensive agent, and may
reduce cardiovascular events and mortality. It can be useful for immediate release form for once or twice
administration daily. When compared with sulfonylurea agents, it has beneficial efficacy on weight, HbA1c
and cardiovascular outcomes (16). Except metformin, there has been little systematic result for other OHAs
available for initial treatment of T2DM.
As to the reverse effects of metformin, gastrointestinal tract symptoms such as abdominal discomfort,
diarrhea and bloating have been observed. Metformin in the blood is cleared through renal filtration, and
elevated circulating levels may cause lactic acidosis. It has been known before, but this situation has been
found to be rather rare (17). Consequently, metformin is now evaluated to be safe even in patients with lower
GFR. From these situations, FDA has revised the label of metformin that it is safe to provide patients with
eGFR ≥30 mL/min/1.73m2.
There was a recent randomized trial with confirmation of previous data that metformin may cause vitamin
B12 deficiency with exacerbation of neuropathy (17). This result was consistent with a report from diabetes
prevention program outcomes study (DPPOS), which recommends examination of vitamin B12 concentration
(17,18).
Since T2DM is usually progressive, monotherapy of metformin can be possible for a few years. After that,
combination treatment would be necessary in order to add stepwise medications. This approach is recently
revealed to be superior to sequential addition of other medications for primary and secondary development
(19). Based on a comparative meta-analysis report, additional therapy to initial metformin administration
shows reduction of HbA1c about 0.7-1.0% (20). When HbA1c target will not be achieved for 3 months,
metformin plus other agent can be started with any of following six options. They are dipeptidyl peptidase‐4
(DPP‐4) inhibitors, sodium-glucose cotransporter-2 (SGLT2) Inhibitors, sulfonylurea, thiazolidinedione,
glucagon-like peptide-1 receptor agonists (GLP-1 Ras) and basal insulin (13).
Among these six options, GLP-1 Ras have been highly evaluated for the efficacy for T2DM. When T2DM
patient needs greater blood glucose lowering, GLP-1Ras are recommended for preference to insulin if it is
possible (level B). (13). Furthermore, recent reports can support clinical efficacy of GLP-1 Ras. Most GLP-1
Ras are injectable, but a new oral formulation of semaglutide is available at present (21). In contrast, some
reports investigating the efficacy between GLP-1 RAs and insulin have showed similar results (22,23).
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From economic diabetic treatment point of view, cost for diabetes has been increased for two decades (24).
Medication cost may become major stress for diabetic patients influencing adherence with regular medication
(25). Then, metformin has been very economic for long years with benefit for patients. From this point,
metformin is a useful OHA.
In summary, metformin has been one of the most useful OHA for long. Recent investigation showed the
beneficial and safe effect for patients with impaired renal function. This will be expected to become a
reference for diabetic practice and research.

Conflict of Interest: None.
Funding: None.
References
1) International Diabetes Federation (2019) Diabetes Atlas, (8th eds), http://www.diabetesatlas.org/
2) Mauricio D, Alonso N, Gratacòs M. Chronic Diabetes Complications: The Need to Move beyond Classical
Concepts. Trends Endocrinol Metab 2020;31:287-295.
3) American Diabetes Association. 8. Pharmacologic approaches to glycemic treatment: Standards of Medical
Care in Diabetes-2018. Diabetes Care 2018;41(Suppl. 1):S73–S85. doi: 10.2337/dc18-S008.
4) Palmer SC, Mavridis D, Nicolucci A, et al. Comparison of clinical outcomes and adverse events associated
with glucose-lowering drugs in patients with type 2 diabetes: a meta-analysis. JAMA 2016;316:313–324.
5) Graham GG, Punt J, Arora M, et al. Clinical pharmacokinetics of metformin. Clin Pharmacokinet
2011;50:81–98.
6) Bell S, Farran B, McGurnaghan S, et al. Risk of acute kidney injury and survival in patients treated with
metformin: an observational cohort study. BMC Nephrol 2017;18:163.
7) Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes, 2015: a
patient-centered approach: update to a position statement of the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetes Care 2015;38:140–149.
8) Schernthaner G, Schernthaner-Reiter MH. Therapy: risk of metformin use in patients with T2DM and
advanced CKD. Nat Rev Endocrinol 2015;11:697–699.
9) Lee M, Katerelos M, Gleich K, et al. Phosphorylation of acetyl-CoA carboxylase by AMPK reduces renal
ﬁbrosis and is essential for the anti-ﬁbrotic effect of metformin. J Am Soc Nephrol 2018;29:2326–2336
10) Lazarus B, Wu A, Shin JI, et al. Associationof metformin use with risk of lactic acidosis across the range
of kidney function: a community-based cohort study. JAMA Intern Med 2018;178:903– 910.

Journal of Clinical Case Reports and Medical Research

Commentary
Article Id: JCCRMR-20-05

11) Charytan DM, Solomon SD, Ivanovich P, et al. Metformin use and cardiovascular events in patients with
type 2 diabetes and chronic kidney disease. Diabetes Obes Metab 2019; 21:1199–1208.
12) American Diabetes Association (ADA) (2020) 4. Comprehensive Medical Evaluation and Assessment of
Comorbidities: Standard of medical care in diabetes. Diabetes Care 2020;43(Suppl.1):S37–S47.
https://doi.org/10.2337/dc20-S004.
13) American Diabetes Association (ADA) (2020) 9. Pharmacologic Approaches to Glycemic Treatment:
Standards of Medical Care in Diabetes-2020. Diabetes Care 2020 Jan; 43(Supplement 1): S98-S110.
doi.org/10.2337/dc20-S009.
14) Davies MJ, D’Alessio DA, Fradkin J, et al. Management of hyperglycemia in type 2 diabetes, 2018. A
consensus report by the American Diabetes Association (ADA) and the European Association for the Study of
Diabetes (EASD). Diabetes Care 2018;41:2669–2701.
15) Buse JB, Wexler DJ, Tsapas A, et al. (2019). 2019 Update to: Management of Hyperglycemia in Type 2
Diabetes, 2018. A Consensus Report by the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD). Diabetes Care dci190066. doi:10.2337/dci19-0066.
16) Maruthur NM, Tseng E, Hutﬂess S, et al. Diabetes medications as monotherapy or metformin-based
combination therapy for type 2 diabetes: a systematic review and meta-analysis. Ann Intern Med
2016;164:740–751.
17) Out M, Kooy A, Lehert P, et al. Long-term treatment with metformin in type 2 diabetes and
methylmalonic acid: post hoc analysis of a randomized controlled 4.3year trial. J Diabetes Complications
2018;32:171–178.
18) Aroda VR, Edelstein SL, Goldberg RB, et al. Diabetes Prevention Program Research Group. Long-term
metformin use and vitamin B12 deﬁciency in the Diabetes Prevention Program Outcomes Study. J Clin
Endocrinol Metab 2016;101:1754–1761.
19) Matthews DR, Pald´anius PM, Proot P, et al. VERIFY study group. Glycaemic durability of an early
combination therapy with vildagliptin and metformin versus sequential metformin monotherapy in newly
diagnosed type 2 diabetes (VERIFY): a 5-year, multicentre, randomised, double-blindtrial. Lancet
2019;394:1519–1529.
20) Maloney A, Rosenstock J, Fonseca V. A model-based meta-analysis of 24 antihyperglycemic drugs for
type 2 diabetes: comparison of treatment effects at therapeutic doses. Clin Pharmacol Ther 2019;105:1213–
1223
21) Pratley R, Amod A, Hoff ST, et al. PIONEER 4 investigators. Oral semaglutide versus subcutaneous
liraglutide and placebo in type 2 diabetes (PIONEER4):a randomised, double-blind, phase 3a trial. Lancet
2019;394:39–50.

Journal of Clinical Case Reports and Medical Research

Commentary
Article Id: JCCRMR-20-05

22) Singh S, Wright EE Jr, Kwan AYM, et al. Glucagon-like peptide-1 receptor agonists compared with basal
insulins for the treatment of type 2 diabetes mellitus: a systematic review and meta-analysis. Diabetes Obes
Metab 2017;19:228–238.
23) Levin PA, Nguyen H, Wittbrodt ET, et al. Glucagon-like peptide-1 receptor agonists: a systematic review
of comparative effectiveness research. Diabetes Metab Syndr Obes 2017;10: 123–139.
24) Riddle MC, Herman WH. The cost of diabetes care-an elephant in the room. Diabetes Care 2018;41:929–
932
25) Kang H, Lobo JM, Kim S, et al. Costrelated medication non-adherence among U.S. adults with diabetes.
Diabetes Res Clin Pract 2018;143:24–33.

