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Metformin use in patients with type 2 diabetes mellitus and chronic kidney
disease: An evidence-based review
Felicia Clara JH Tan, 1MB BChir (Cantab), Seng Bin Ang, 1,2FCFP (Singapore), Yong Mong Bee 2,3FRCP (Edin)

ABSTRACT
Introduction: Practice guidelines advise caution on the use of metformin in patients with type 2 diabetes
mellitus with chronic kidney disease (CKD). This review aims to examine the evidence for the benefits
and risks of metformin use in patients with T2DM and CKD.
Methods: The Cochrane Database of Systematic Reviews, the Cochrane Central Register of
Controlled Trials and PubMed were searched; the references of selected papers were hand searched.
Systematic reviews, randomised controlled trials, cohort studies, case series and case-control studies were
included. The full text of selected articles was reviewed. The outcomes studied were all-cause mortality,
cardiovascular complications, lactic acidosis and worsening of renal function. Recommendations were
graded according to the Scottish Intercollegiate Guidelines Network system.
Results: A total of 139 unique articles were identified, 14 of which met the inclusion criteria and were
selected for full-text review. Four cohort studies reported an association between metformin use and
improved all-cause mortality in CKD stage 4 and better. Two cohort studies reported improved
cardiovascular outcomes with metformin use. Four cohort studies, 1 case series and 1 case-control
study reported no significant association between metformin use and an increased risk of lactic acidosis
in CKD. There is a moderate level of evidence to support reduced mortality, improved cardiovascular
outcomes and a low risk of lactic acidosis with metformin use in patients with T2DM and with CKD
stage 4 and above.
Conclusion: Existing recommendations to restrict metformin use in diabetes patients with CKD need
to be reviewed in light of emerging evidence supporting its overall benefits in these patients.
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INTRODUCTION
Diabetes is a chronic disease characterised by elevated
levels of blood glucose. The most common type of
diabetes is type 2 diabetes mellitus (T2DM). This
usually occurs in adults and arises through insulin
resistance or an insufficiency of insulin production.1
Diabetes is one of the priority non-communicable
diseases targeted for action by world leaders. Its
prevalence has been steadily increasing over the last
few decades; the global prevalence of diabetes in the
adult population has risen from 4.7% in 1980 to 8.5% in
2014. 2 Chronic kidney disease (CKD) describes
abnormal kidney function, abnormal kidney structure,
or both. The severity of CKD can be determined by
glomerular filtration rate and the presence of markers

of kidney damage, such as albuminuria, urine sediment
abnormalities, electrolyte abnormalities, abnormalities
caused by tubular disease, structural abnormalities and
abnormalities detected by histology.3 The stages of
CKD are shown in Table 1.
CKD can arise as a consequence of poorly controlled
diabetes. The increasing incidence of diabetic kidney
disease is the key driver of the burden of CKD
worldwide. The prevalence of diabetic kidney disease
has increased by 39.5% globally between 2005 and
2015. In Mexico, the country with the highest death rate
from CKD in the world, more than half of all cases of
end-stage kidney disease were attributed to diabetes.4
Slowing the progression of diabetic kidney disease
requires glycaemic control. This can be achieved with
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CLINICAL IMPACT
What is New

•

Metformin use is associated with reduced
mortality and improved cardiovascular outcomes
in chronic kidney disease (CKD) even as severe as
stage 4 while the risk of lactic acidosis is low.

Clinical Implications

•

Metformin, the first-line oral hypoglycaemic
agent for type 2 diabetes in almost all guidelines
worldwide, has its use restricted in stage 3–5
CKD for fear of lactic acidosis. This review calls for
reconsideration in restricting metformin use in type 2
diabetic patients with CKD stage 3 and 4.

Table 1. Stages of chronic kidney disease
Stage

Glomerular filtration rate

1

≥90 with other markers of kidney damage

2

60–89 with other markers of kidney damage

3a

45–59

3b

30–44

4

15–29

5

<15

3a and 3b Source: National Institute for Health and Care Excellence.
Chronic kidney disease in adults: assessment and management.
Clinical guideline, 23 July 2014. Available at: https://www.nice.org.uk/
guidance/cg182. Accessed on 24 April 2020.

lifestyle changes and a variety of medications, including
oral glucose-lowering medications and insulin. Metformin
is the current first-line pharmacological treatment for
type 2 diabetes in almost all recommendations
worldwide. It is an orally administered drug belonging
to the biguanide class of glucose-lowering medication.5
It decreases liver glucose production and intestinal
absorption of glucose and increases insulin sensitivity,
thereby decreasing blood glucose levels. It reduces both
basal and postprandial blood glucose. 6 Metformin
is primarily renally eliminated; owing to genetic
polymorphisms (e.g. in the organic cation transporters
mediating metformin transmembrane transport), there
is considerable variation in the renal clearance
of metformin.7
Existing guidelines recommend using a reduced dose
of metformin or ceasing it in renal impairment because

of a lack of evidence for the safety of metformin in
renal impairment and the concern of lactic acidosis. The
National Institute for Health and Care Excellence
(NICE) guidelines recommend that the dose of
metformin be reviewed when the estimated glomerular
filtration rate (eGFR) drops below 45mL/min/1.73m2,
and metformin be stopped altogether if the eGFR falls
below 30mL/min/1.73m2. These recommendations were
made in view of a lack of evidence for the safety of
metformin in people with eGFR less than 30mL/
min/1.73m2.8
Similar to the NICE guidelines, Singapore’s Ministry
of Health clinical practice guidelines for T2DM
advise that metformin use be reviewed in those with
eGFR less than 45mL/min/1.73m 2 (stage 3b) and
ceased if the eGFR is less than 30mL/min/1.73m 2
(stage 4). Metformin is usually contraindicated in
severe renal impairment as it may be associated with
lactic acidosis. 9 However, the evidence for these
recommendations is not strong; it was given a grade
D, level 4 rating. The American Association of
Clinical Endocrinologists and the American College
of Endocrinology also recommend a reduction in
metformin dose for patients whose eGFR is between
30mL/min/1.73m2 and 45mL/min/1.73m 2 (stage 3b),
and a cessation of metformin in those whose eGFR
is below 30mL/min/1.73m2 (stage 4).10
These recommendations for reducing the dose of or
ceasing metformin were based on the lack of evidence
for its safety in a population with renal impairment.
There have been suggestions that the risks of metformin
use in renally impaired patients are overstated. By
restricting the use of metformin in populations with
renal impairment, they might be deprived of the
benefits of metformin,11 and be exposed unnecessarily
to the risks of using other glucose-lowering medications.
For example, if their dose of metformin is reduced or
stopped, they may have to increase their dose of
sulfonylureas, which puts them at greater risk of
hypoglycaemic events, 12 or increase their dose of
insulin, which may increase their weight gain. 13
Metformin use has been suggested to be associated
with a host of clinical benefits, including a reduction in
mortality,14 a reduction in cardiovascular complications15
and benefits for vascular function. 14 Additionally,
metformin has shown potential renoprotective effects
against diabetic nephropathy in both in vitro and animal
models. Under high glucose conditions, metformin
modulates apoptosis and cell signalling of human
podocytes. It therefore reduces the loss of podocytes,
which is a key process in diabetic nephropathy. In
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animal studies, diabetic rats that were treated with
metformin had a significant dose-dependent reduction in
urinary albumin and nephrin concentration, glomerular
basement membrane thickness and the rate of foot
process fusion compared with diabetic rats not given
metformin.16This review aims to evaluate the quality
of the available evidence regarding the benefits of
metformin (such as improvement in mortality, reduction
in cardiovascular events) and their adverse effects
(such as incidence of lactic acidosis, worsening of
renal function) in adults with T2DM and CKD.
METHODS
Searches were made of the Cochrane Database
of Systematic Reviews (CDSR), the Cochrane
Central Register of Controlled Trials (CCRCT) and
PubMed on 5 November 2020. The search query
employed for CDSR and CCRCT was (“lactic
acidosis”:ti,ab,kw OR “cardiovascular events”:ti,ab,kw
OR “mortality”:ti,ab,kw) AND (metformin:ti,ab,kw)
AND (“chronic kidney disease”:ti,ab,kw OR “chronic
renal insufficiency”:ti,ab,kw) AND (diabetes:ti,ab,kw).
For PubMed, the search query was (“lactic acidosis”
[tiab] OR “cardiovascular events” [tiab] OR mortality
[tiab]) AND (metformin [tiab]) AND (“chronic kidney
disease” [tiab] OR “chronic renal insufficiency” [tiab])
AND (diabetes [tiab]).
The databases were searched from inception to 5
November 2020. Search results were limited to articles
available in English. In addition, the reference lists of
selected articles identified from database searching were
hand searched for suitable articles.
To be included in this review, the articles had to meet
the following criteria:
• Type of article: a systematic review, randomised
controlled trial, cohort study, case-control study or
case series.
• Population studied in the article: adult humans with
T2DM and CKD taking metformin. Only articles that
studied CKD as their main focus were included.
• Outcome studied in the article must be one or more
of the following: improvements in mortality, rate of
cardiovascular events, incidence of lactic acidosis, or
worsening of renal function.
• Full text in English that was readily available.
Database searching yielded 102 records from PubMed
and 0 records from CDSR and CCRCT. Hand searching
of the reference lists of selected articles identified from
database searching yielded 66 records. After duplicates
were removed, 139 unique articles were identified. Their

161

titles and abstracts were screened for inclusion. A total
of 14 articles met the inclusion criteria above and were
included for final analysis. The process of article selection
is shown in Fig. 1. A summary of the articles and their
findings is presented in Table 2.
Each article, including systematic reviews, was
graded for quality using the Scottish Intercollegiate
Guidelines Network (SIGN) tools for critical appraisal
(available at https://www.sign.ac.uk/what-we-do/
methodology/checklists/). The quality ratings were
considered in order to form an overall grade for the
strength of evidence for each outcome. The grading
system from SIGN that was used to grade the strength
of evidence is presented in Table 3. All articles except
the systematic reviews were then included for narrative
synthesis. The systematic reviews were excluded from
narrative synthesis to avoid certain articles that had
been included in this review and in the selected
systematic reviews from being included twice.
RESULTS
The grading of evidence for each of the outcomes is
summarised in Table 4. A summary of outcomes and
CKD stage investigated in each article is provided
in Table 5.
Quality of evidence
Of the 14 articles included for analysis, 3 were
systematic reviews,17-19 9 were cohort studies20-28 (8 of
which were retrospective cohort studies20-27 and 1 was
a post hoc analysis of a trial28), 1 was a case-control
study29 and 1 was a case series.30 Three studies27,28,30
involved participants in specialist centres, while 3
studies24-26 involved participants from primary care. Six
studies analysed data from databases without making
distinctions between patients who were seen in primary
care and those who were seen in specialist care.19-23,29
The quality of the review by Crowley et al.17 was
rated as “minus” (-) because of the lack of a table of
baseline characteristics of participants. The reviews
by Lu et al.18 and Hu et al.19 demonstrated an overall
acceptable quality and were rated as “plus” (+). One
review by Inzucchi et al.31 was excluded from analysis
after full-text review as its quality was deemed
unacceptable. It suffered from serious flaws including
the lack of 2 reviewers performing the literature search
and data extraction, and the lack of quality assessment
of included studies.
The quality of the cohort studies were acceptable
with the exception of the cohort studies by Ekström
et al.,23 Hsu et al.27 and Richy et al.26 that were marked
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Identification

162

Records identified through
database searching
(n=102)
(n = )

Additional records identified
through hand searching
(n=66)

Screening

Records after duplicates removed
(n=139)
(n = )
Records screened
(n=139)

Eligibility

)
Full-text articles assessed
for eligibility
(n=20)

Included

Articles included for
analysis
(n=14)

Articles included for
narrative synthesis
(n=11)

Records excluded (n=119)
(n = ) • Not mainly involving
human participants with
type 2 diabetes mellitus
and chronic kidney
disease (n=87)
• Narrative reviews (n=22)
• Case reports (n=4)
• Book (n=1)
• Protocol (n=1)
• Letters to editor (n=2)
• Commentaries (n=2)
Full-text articles excluded
(n=6)
Unacceptable quality
(n=1)
Not investigating target
outcomes (n=5)

Systematic reviews
excluded from narrative
synthesis (n=3)

Fig. 1. Flow diagram showing process of article selection.

down for a lack of sensitivity analysis and failure to
account for confounding. Common flaws among the
cohort studies were the lack of blinding and lack of
sensitivity analysis.
The level of evidence for some cohort studies was also
limited by virtue of them being retrospective studies.
Retrospective cohort studies may be subject to various
biases, including information bias32 and selection bias.33
Additionally, cohort studies may also suffer from
confounding by indication.34
All-cause mortality
Four cohort studies 20,21,23,28 found an association
between metformin use and improved all-cause
mortality in adults with T2DM and CKD. Whitlock

et al.20 reported a lower risk of mortality for T2DM
patients with stage 2 renal impairment using metformin
than for those using sulfonylureas, while there was no
significant improvement in mortality found for T2DM
patients with CKD stage 3a and below. Charytan et
al.28 reported reduced mortality for patients with CKD
stages 2–4 using metformin compared with non-users.
Marcum et al.21 reported reduced mortality for those
with CKD stages 1–3a using metformin compared
with those using sulfonylureas. Ekström et al.23 found
a reduced all-risk mortality in patients with CKD stage
3a using metformin compared with those using other
oral glucose-lowering medications. In contrast,
Hung et al.22 reported increased all-cause mortality in
T2DM patients with CKD stage 5.
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175,296 patients with diabetes mellitus

Retrospective
cohort study

3

Case series

2+

2-

65 patients with T2DM and reduced glomerular
filtration rate (ranging between <15mL/min/1.73m2
and 89mL/min/1.73m2) in whom metformin
treatment was discontinued

eGFR 30–44ml/min/1.73m2: 1166 on metformin,
9135 on sulfonylureas

eGFR 60–89mL/min/1.73m2: 67,541 on metformin,
27,948 on sulfonylureas; eGFR 45–59mL/
min/1.73m2: 14,407 on metformin, 15,635 on
sulfonylureas;

616 patients with T2DM and CKD (eGFR 0–30mL/
min/1.73m2), of these 484 patients continued
metformin and 132 patients discontinued metformin
for at least 100 days.

Retrospective
cohort study

2+

Adults with diabetes and CKD (eGFR 20–60mL/
min/1.73m2), 591 using metformin, 3447 non-users
of metformin

Retrospective
cohort study

At time of metformin
discontinuation vs
14–21 days thereafter

Initiation of
metformin vs
initiation of
sulfonylureas

Metformin
continuation
vs metformin
interruption for at
least 100 days

Metformin use vs
non-metformin use

Metformin
monotherapy
vs sulfonylurea
monotherapy

Comparison

Results: Significant decrease in median lactate levels (2.20–1.85mmol/L,
P=0.002) after discontinuation. No significant difference in blood pH,
blood bicarbonate and base excess.

Outcomes: Blood lactate level, blood pH, blood bicarbonate, base excess

Results: Unadjusted mortality rates were substantially lower for metformin
initiators than for sulfonylurea initiators across all categories of eGFR.
Metformin use was associated with lower mortality in all eGFR categories,
and the 95% CIs excluded a HR of 1 for all eGFR categories except 30–44mL/
min/1.73m2

Outcome: All-cause mortality

Results: Slope of eGFR is lower in metformin interruption group than in
metformin continuation group (0.75±0.76 mL/min/1.73m2/year in interruption
group vs -1.32±0.24mL/min/1.73m2/year in continuation group, P=0.0007).
Continuation of metformin is a risk factor for CKD progression in patients
with T2DM and moderate CKD (unstandardised coefficient β, -2.072; 95%
CI, -3.268 to -0.876).

Outcome: eGFR slope

Results: Metformin use associated with reduced risk of all-cause mortality
(HR 0.49, 95% CI 0.36–0.69), cardiovascular death (HR 0.49, 95% CI
0.32–0.74), the cardiovascular composite (i.e. hospitalisation for heart failure,
myocardial infarction, stroke, myocardial ischaemia or death) (HR 0.67, 95%
CI 0.51–0.88) and the kidney disease composite (HR 0.77, 95% CI 0.61–0.98).
Associations with ESRD (HR 1.01, 95% CI 0.65–1.55) were not significant.

Outcomes: All-cause mortality, cardiovascular death, cardiovascular events,
ESRD, the kidney disease composite (ESRD or death)

Results: Metformin associated with lower risk of mortality for eGFR
60–89mL/min/1.73m2 (HR 0.42, 95% CI 0.31–0.56; P<0.001). No significant
decrease in cardiovascular events for metformin compared with sulfonylureas
in all stages of CKD.

Outcomes: All-cause mortality, cardiovascular events, major
hypoglycaemic episodes

Outcome

Superscript numbers: Refer to REFERENCES

CI: confidence interval; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; ESRD: end-stage renal disease; HR: hazard ratio; RR: risk ratio; T2DM: type 2 diabetes mellitus

Sipahi et al.,30
2016

Marcum et al.,21
2018

Hsu et al.,27
2017

Charytan et
al.,28 2019

21,996 adults with type 2 diabetes at various stages
of renal function

Retrospective
cohort study

Whitlock et
al.,20 2020

2+

Population

Study type/Level
of evidence

Article

Table 2. Summary of characteristics and findings of included articles
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223,968 users of metformin, 34,571 non-users of
metformin. Among metformin users: 586 with eGFR
<30mL/min/1.73m2, 29,743 with eGFR 30–59mL/
min/1.73m2. Among non-users of metformin: 955
with eGFR <30mL/min/1.73m2, 7436 with eGFR
30–59mL/min/1.73m2

Retrospective
cohort study

1+

Systematic review

2+

1-

Included 6 studies: 1 randomised controlled trial, 1
meta-analysis, 1 case-control study, 3 prospective
cohort studies. Sample sizes ranged from 393 to
56,692. Included studies which specify eGFR,
included participants with CKD stages 3a to 4.

Included 6 observational studies. Sample size
of studies ranged from 1246 to 11,481 patients
with T2DM and moderate-severe CKD (5 studies
involving participants with CKD stages 3a to 4, and
2 involving participants with serum creatinine more
than 1.4mg/dL) .

Metformin vs
non-metformin use

Metformin vs
non-metformin use

Diabetes treatment
regimens containing
metformin vs
regimens not
containing
metformin

Outcome: Development of lactic acidosis
Results: Low risk of lactic acidosis, including in diabetics with CKD.
Metformin use associated with reduced risks of cardiovascular disease and
all-cause mortality in mild-to-moderate renal impairment.

Results: Compared with non-users, risk of lactic acidosis or elevated lactate
concentration in metformin users significantly associated with renal function
eGFR <60 mL/min/1.73m2 (adjusted HR 6.37, 95% CI 1.48–27.5).

Outcomes: Development of lactic acidosis or record of plasma lactate
concentration >5mmol/L

Results: Relative chance of dying during follow-up 22% lower for patients
taking metformin than for those not taking metformin (HR 0.78, 95% CI 0.63–
0.96; Q=29.7, P<0.001, I2=79.8%). Metformin use was significantly associated
with slightly lower readmission for congestive heart failure (n=5859; HR 0.91,
95% CI 0.84–0.99).

Outcomes: All-cause mortality, major adverse cardiovascular events

Results: Metformin associated with reduced risk of cardiovascular disease,
acidosis or serious infection and all-cause mortality compared with insulin in
patients with eGFR 45–60mL/min/1.73m2. Metformin associated with reduced
risk of all-cause mortality compared with other oral hypoglycaemic agents in
patients with eGFR 45–60mL/min/1.73m2. No increased risk of acidosis or
serious infection even in patients with low renal function (eGFR 30–45mL/
min/1.73m2).

Systematic review

2-

Outcomes: All-cause mortality, acidosis or serious infection

Metformin use vs
use of other oral
hypoglycaemic
agents or insulin

51,675 participants with T2DM, of whom 32,848
participants on metformin. Participants included
people of all eGFRs, stratified into the following
groups: eGFR <45mL/min/1.73m2, eGFR 45–60mL/
min/1.73m2, eGFR >60mL/min/1.73m2

Retrospective
cohort study

Outcomes: All-cause mortality, admissions for metabolic acidosis, onset of
ESRD

Superscript numbers: Refer to REFERENCES

CI: confidence interval; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; ESRD: end-stage renal disease; HR: hazard ratio; RR: risk ratio; T2DM: type 2 diabetes mellitus

Lu et al.,18 2013

Eppenga et
al.,24 2014

Crowley et
al.,17 2017

Ekström et al.,23
2012

Metformin use vs
non-metformin use

Outcome

Results: Metformin use associated with a 35% increased risk of death from
all causes. Metformin users more likely to develop ESRD requiring dialysis
(incidence 59.3 vs 82.3 events per 100 patient-years; adjusted HR 0.75, 95%
CI 0.67–0.83, P<0.0001). No significant association between admissions for
metabolic acidosis and metformin use (adjusted HR 1.30, 95% CI 0.88–1.93,
P=0.19).

1,250 patients with T2DM and CKD (with serum
creatinine >530µmol/L).

Retrospective
cohort study

Hung et al.,22
2015

Comparison

2+

Population

Study type/Level
of evidence

Article

Table 2. Summary of characteristics and findings of included articles (Cont’d)
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57 patients taking metformin and 54 not taking
metformin, 61 with CKD stage 3, 36 with stage 4
and 14 with stage 5.

13 studies in total: 9 cohort studies, 3 post hoc
analyses of RCTs, 1 nested case-control study. In
total 303,540 patients with type 2 diabetes mellitus
and CKD. Detailed participant characteristics
(including eGFR data) of each included study were
not reported individually.

77,601 patients with type 2 diabetes taking
metformin. Of these, 6038 had normal kidney
function, 38,836 CKD stage 2, 31,278 stage 3, 1449
stages 4 and 5.

Case-control study

Systematic review

Cohort study
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2-

1+

3

Incidence of lactic
acidosis among
varying levels of
renal function

Metformin use vs
non-metformin use

Metformin use vs
non-metformin use

Metformin use vs
non-metformin use
in CKD

Comparison

Results: No significant difference in lactic acidosis incidence rate among
people with normal (no CKD or CKD stage 1), mildly reduced (CKD stage
2), moderately reduced (CKD stage 3) or severely reduced renal function
(CKD stages 4 and 5). Overall incidence of lactic acidosis in patients receiving
metformin was 10.37 per 100,000 patient-years (95% CI 7.22–14.42)
compared with 7.6 in the normal renal function group (95% CI 0.9–27.5),
4.6 in CKD stage 2 (95% CI 2.00–9.15), 17 in CKD stage 3 (95% CI 10.8925.79), and 39 in CKD stages 4 and 5 (95% CI 4.72–140.89). The incidence
rate ratios for patients with CKD stages 4 and 5, CKD stage 3, and CKD stage
2 compared with patients with normal renal function were 5.26 (P=0.12), 2.27
(P=0.41) and 0.61 (P=0.63), respectively.

Outcome: Lactic acidosis incidence rate

Results: Metformin-based treatment displayed lower risks of all-cause
mortality in CKD stages 1–3 (pooled RRs 0.71, 95% CI 0.61–0.84, P<0.001),
but no effect in CKD stages 4 and 5 (pooled RR 0.80, 95% CI 0.49–1.31).
Metformin-based treatment associated with reduced cardiovascular events
in CKD stages 1–3 (pooled RRs 0.76, 95% CI 0.60–0.97, P=0.024). No
significant effect of metformin use on cardiovascular events in stage 3 (pooled
RR 0.94, 95% CI 0.68–1.30) or CKD stages 4 and 5 (pooled RR 0.90, 95% CI
0.61–1.33) was found.

Outcome: All-cause mortality

Results: No significant difference in arterial pH (t=0.57, P=0.57), serum
bicarbonate (t=0.03, P=0.98) and serum lactate levels (t=0.76, P=0.45) in both
groups. No significant difference in lactate levels in different stages of CKD in
the metformin group (P=0.498).

Outcome: Arterial pH, serum bicarbonate and serum lactate

Results: Risk of acidosis associated with metformin use not increased in
patients with CKD stage 3a (eGFR 45–59mL/min/1.73m2) (adjusted HR
0.75, 95% CI 0.58–0.97), and CKD stage 3b (eGFR 30–44mL/min/1.73m2)
(adjusted HR 0.83, 95% CI 0.42–1.62). There was an increased risk of acidosis
associated with metformin use compared with use of other hypoglycaemic
medications in CKD stage 4 and above (eGFR <30mL/min/1.73m2) that was
not statistically significant (adjusted HR 1.46, 95% CI 0.86–2.48).

Outcome: Hospitalised acidosis events

Outcome

Superscript numbers: Refer to REFERENCES

CI: confidence interval; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; ESRD: end-stage renal disease; HR: hazard ratio; RR: risk ratio; T2DM: type 2 diabetes mellitus

Richy et al.,26
2014

Hu et al.,19
2020

Bipi et al.,29
2017

75,413 community-based patients, of whom 47,876
were on metformin and 27,537 not on metformin.
14,662 had CKD stage 3, 1765 with stage 4 and
above CKD.

Cohort study

Lazarus et al.,25
2018

2+

Population

Study type/Level
of evidence

Article

Table 2. Summary of characteristics and findings of included articles (Cont’d)
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Table 3. Summary of the Scottish Intercollegiate Guidelines Network grading system38
Revised grading system for recommendations in evidence-based guidelines
Levels of evidence
1++

•

High-quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias

1+

•

Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias

1-

•

Meta-analyses, systematic reviews or RCTs, or RCTs with a high risk of bias

2++

•
•

High-quality systematic reviews of case-control or cohort studies, or
High-quality case-control or cohort studies with a very low risk of confounding, bias or chance, and a high probability that the
relationship is causal

2+

•

Well-conducted case-control or cohort studies with a low risk of confounding, bias or chance, and a moderate probability that the
relationship is causal

2-

•

Case-control or cohort studies with a high risk of confounding, bias or chance, and a significant risk that the relationship is not causal

3

•

Non-analytic studies (e.g. case reports, case series)

4

•

Expert opinion

Grades of recommendations
A

•
•

At least 1 meta-analysis, systematic review or RCT rated as 1++ and directly applicable to the target population, or
A systematic review of RCTs or a body of evidence consisting principally of studies rated as 1+ directly applicable to the target
population and demonstrating overall consistency of results

B

•

A body of evidence including studies rated as 2++ directly applicable to the target population and demonstrating overall consistency of
results, or
Extrapolated evidence from studies rated as 1++ or 1+

•
C

D

•
•

A body of evidence including studies rated as 2+ directly applicable to the target population and demonstrating overall consistency of
results, or
Extrapolated evidence from studies rated as 2++

•
•

Evidence level 3 or 4, or
Extrapolated evidence from studies rated as 2+

RCT: randomised controlled trial

Table 4. Summary of grading of evidence supporting each outcome in the use of metformin in chronic kidney disease
Recommendation

Evidence grading

References

Metformin is associated with reduced all-cause mortality

B, 1+

19, 20, 21, 23, 28,

Metformin is associated with improved cardiovascular outcomes

C, 1-

17, 23, 28

Metformin is not associated with increased risk of lactic acidosis

C, 1-

22, 23, 25, 26, 29, 30

Metformin is not associated with increased risk of worsening renal function

D, 2+

28

Metformin is associated with increased risk of worsening renal function

C, 2+

22, 27

Cardiovascular complications
Two cohort studies23,28 found improved cardiovascular
outcomes with the use of metformin. Charytan et
al. 28 reported that metformin use in patients with
CKD stages 2–4 was associated with reduced risk of
cardiovascular death and cardiovascular complications
(i.e. hospitalisation for heart failure, myocardial
infarction, stroke, myocardial ischaemia or death).
Ekström et al.23 similarly reported that metformin use
was associated with a reduced risk of cardiovascular

diseases in patients with CKD stage 3a. In contrast,
Whitlock et al. 20 found that metformin use was
not significantly associated with a decrease in
cardiovascular events in patients with CKD compared
with sulfonylurea use.
Lactic acidosis
One case series,30 5 cohort studies22-26 and 1 case-control
study29 investigated the association between metformin
use and lactic or metabolic acidosis. Sipahi et al.30
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Table 5. Summary of outcomes by estimated glomerular filtration rate (eGFR) from each article
Outcome

Articles reporting this outcome (for which eGFR information
is available)

Metformin is associated with improved all-cause mortality
eGFR 60–89mL/min/1.73m2

Whitlock et al.,20 Charytan et al.,28 Marcum et al.,21 Hu et al.,19

eGFR 45–59mL/min/1.73m2

Charytan et al.,28 Marcum et al.,21 Ekström et al.,23 Hu et al.,19

eGFR 30–45mL/min/1.73m2

Charytan et al.,28 Marcum et al.,21 Hu et al.,19

eGFR 15–30mL/min/1.73m2

Charytan et al.,28 Marcum et al.,21

Metformin is associated with improved cardiovascular outcomes
eGFR 60–89mL/min/1.73m2

Charytan et al.,28

eGFR 45–59mL/min/1.73m2

Charytan et al.,28

eGFR 30–45mL/min/1.73m2

Charytan et al.,28

eGFR 15–30mL/min/1.73m2

Charytan et al.,28

Metformin is not associated with increased risk of lactic acidosis
eGFR 60–89mL/min/1.73m2

Lu et al.,18 Richy et al.,26

eGFR 45–59mL/min/1.73m2

Ekström et al.,23 Lu et al.,18 Lazarus et al.,25 Bipi et al.,29 Richy et al.,26

eGFR 30–45mL/min/1.73m2

Ekström et al.,23 Lazarus et al.,25 Bipi et al.,29 Richy et al.,26

eGFR 15–29mL/min/1.73m2

Lazarus et al.,25 Bipi et al.,29 Richy et al.,26

eGFR <15mL/min/1.73m2

Lazarus et al.,25 Bipi et al.,29 Richy et al.,26

Metformin is not associated with increased risk of worsening renal function
eGFR 60–89mL/min/1.73m2

Charytan et al.,28

eGFR 45–59mL/min/1.73m2

Charytan et al.,28

eGFR 30–45mL/min/1.73m2

Charytan et al.,28

eGFR 15–29mL/min/1.73m2

Charytan et al.,28

Metformin is associated with increased risk of worsening renal function
eGFR 15–30mL/min/1.73m2

Hsu et al.,27

eGFR <15mL/min/1.73m2

Hsu et al.,27

Superscript numbers: Refer to REFERENCES

investigated 65 T2DM patients with CKD in whom
metformin had been recently discontinued, and found
a significant decrease in median lactate levels after
the discontinuation of metformin but no significant
difference in blood pH, bicarbonate levels or base
excess. Hung et al.22 reported no significant difference
in the incidence of metabolic acidosis in T2DM
patients with CKD stage 5 receiving metformin
compared with those not receiving metformin. In a study
by Ekström et al.,23 the authors reported no increased
risk of acidosis in T2DM patients with CKD taking
metformin compared with those taking other glucoselowering medications. Lazarus et al.25 reported no
increased risk of acidosis with metformin use in CKD

stage 3a or stage 3b. There was an increased risk of
acidosis with metformin use in CKD stage 4 and
above, but this was found to be not statistically
significant. Bipi et al,29 reported no significant difference
in arterial pH, serum bicarbonate and serum lactate
levels between 57 patients on metformin and 54
patients not on metformin. Richy et al.26 reported no
significant difference in lactic acidosis incidence rate
among people receiving metformin who had normal
(no CKD or CKD stage 1), mildly reduced (CKD
stage 2), moderately reduced (CKD stage 3) or severely
reduced renal function (CKD stages 4 and 5).
In contrast, Eppenga et al.24 reported an increased risk
of developing lactic acidosis or a high plasma lactate
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level in participants with CKD using metformin
compared with those not using metformin. However, they
did not distinguish between participants who developed
lactic acidosis and participants who were found to have
a high plasma lactate level without acidosis. It was
not established in this cohort study that metformin use
was significantly associated with the development of
lactic acidosis.
Impact on renal function
The included studies presented conflicting findings
of the impact of metformin use on renal function in
T2DM patients with CKD. Two cohort studies 22,28
reported an association between metformin use and
worsening renal function. Hsu et al.27 reported that
continuation of metformin is a risk factor for worsening
renal function in patients with CKD stages 4 and 5.
Similarly, in a retrospective cohort study spanning 10
years, Hung et al.22 reported that patients with CKD
stage 5 using metformin were more likely to develop
end-stage renal disease requiring dialysis than those
who were not using metformin. In contrast,
Charytan et al.28 reported that metformin use in patients
with CKD stages 3a–4 was associated with a lower
risk of progression to end-stage renal disease or death
from renal causes over a study period of 4 years.
DISCUSSION
The 14 included articles provide a moderate level of
evidence to suggest that metformin may be associated
with some benefits in T2DM patients with CKD. These
benefits include improved all-cause mortality and
reduced risk of cardiovascular events. There appears
to be a low risk of lactic acidosis associated with
metformin use in CKD. Metformin appears to confer
these benefits in less severe stages of CKD (stage 4
and above), whereas the risks of increased mortality
and progression of CKD are more prominent in CKD
stage 5.
One of the key concerns about the safety of
metformin use in CKD is the risk of precipitating lactic
acidosis through the excessive accumulation of lactate,
as happened with a related drug (phenformin) which
was taken off the market in 1978.11 The risk of lactic
acidosis in metformin use may be overstated, and thus
metformin use in CKD may be safer than previously
thought. It has been highlighted that there are a large
number of patients with CKD using metformin, yet
lactic acidosis is rare.14 Lactic acidosis is generally
associated with acute severe illness that causes
excessive production and reduced ability to oxidise

lactate (e.g. ischaemia or hypoxia)11; it may be that
lactic acidosis is more related to these states of acute
illness than to the use of metformin in CKD with no
other acute metabolic derangements. Perhaps in
weighing the risks and benefits of using metformin
in a population with a reduced eGFR, the risk of
lactic acidosis ought not to carry so much weight as it
does in present guidelines.
A question remains without a clear answer: at what
eGFR should we reduce the dose of metformin, and
at what dose should we stop it altogether? Current
guidelines advise to reduce the dose of metformin when
eGFR is below 45mL/min/1.73m2 and stop metformin
when eGFR is below 30mL/min/1.73m2. However, as
there has been a report of improved mortality and
cardiovascular outcomes even in a population with
eGFRs as low as 20mL/min/1.73m2,18 perhaps it is
worth considering whether this eGFR threshold should
be lowered. This lowering can be accompanied by
frequent monitoring of eGFR to ensure that metformin
is stopped should the eGFR deteriorate below this
threshold. Currently, the guidelines of NICE and Kidney
Disease: Improving Global Outcomes suggest monitoring
renal function 3 to 4 times a year or more in stages 4
and 5 renal impairment.35,36 However, there appears to
be a lack of evidence on how often to monitor for CKD
progression specifically in patients with CKD stage
4 using metformin.
The use of metformin in severe renal impairment
(CKD stage 5) appears to be detrimental, with an
increased mortality 22 and increased risk of CKD
progression22,27 associated with metformin use in CKD
stage 5. The benefits of metformin use in CKD appear
to be confined to CKD stage 4 and above. This position
was echoed in the European Renal Best Practice
guidelines in 2015, in which the authors considered
the cost-benefit of metformin use in CKD stage 4 and
beyond to be positive. However, they also acknowledged
a lack of data on the safety of metformin use. Thus,
like NICE, the American Association of Clinical
Endocrinologists and the American College of
Endocrinology, they advocated caution in using
metformin in CKD stages 4 and 5. In this guideline,
they recommended a dose reduction in metformin in
CKD stage 4 and above, but reported that there was
insufficient data regarding metformin use in such
advanced stages of CKD.37
Implication for clinical care
The implication for clinical care is that the use of
metformin at lower eGFRs should perhaps be considered,
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as metformin may have benefits for T2DM patients
with CKD even with CKD stage 4. If the fears of lactic
acidosis have been overestimated, the benefits could
outweigh the risks.
Strengths of this review
This review provides an updated re-examination of
the evidence for the benefits and risks of metformin
use in T2DM patients with CKD, as guidelines have
previously highlighted the lack of evidence for the
safety of metformin in renal impairment. It includes
studies conducted in the last 5 years since the
publication of the most recent NICE guidelines on
the matter, thus providing an update on the subject. In
particular, it presents the latest findings on the effect of
metformin use on all-cause mortality and cardiovascular
events, as it includes very recent cohort studies and
systematic reviews from the last 2 years.
Limitations of this review
Only published studies in English were included, and
thus the possibility of publication bias cannot be
excluded. Studies that failed to find significant results
could have been published in local, non-English language
journals, or may not have been published. There was
also a dearth of randomised controlled trials investigating
the benefits and risks of metformin in CKD.
Directions for future research
This review also highlights unanswered questions to
which further research efforts can be devoted. Further
research is needed to investigate whether metformin
can still be used safely in advanced CKD (i.e. stage 5),
and the eGFR threshold below which metformin can
be stopped. Randomised controlled trials comparing
metformin use with non-use in participants with
advanced CKD may provide more information about
whether the risk of adverse effects is increased with
metformin use in very low eGFRs, or whether metformin
use confers any benefits. To further discern the eGFR
threshold for safe metformin use, cohort studies
comparing the rate of adverse events in groups of
participants with different stages of advanced CKD
(e.g. adverse events in participants with CKD stage 4
on metformin versus those with CKD stage 5 on
metformin) could be carried out.
CONCLUSION
This evidence-based review demonstrates that there is
a moderate level of evidence to support the benefits of
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metformin use on reducing mortality and cardiovascular
outcomes in T2DM patients with CKD stage 4 and
above. There may not be a significant association
between metformin use in renal impairment and lactic
acidosis, as previously feared. Metformin use in CKD
stage 5 may be associated with worse outcomes in
mortality and CKD progression.
The results of this evidence-based review suggest
that the previous recommendation to reduce the
dosage of metformin in eGFRs of less than 45mL/
min/1.73m2 (corresponding to stage 3a) may need to be
reconsidered. There is a possibility that, in limiting
the use of metformin in T2DM patients with stage 3
or 4 CKD, they are deprived of the benefits of
metformin use.
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