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1970s because of a clear association with
lactic acidosis,3 but metformin has different
pharmacological properties, including a lack
of effect on tissue lactate production in the
fasting state.4 Epidemiological data do not
support an association between metformin
use and lactic acidosis: a recent large meta-
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ABSTRACT

Objective: To determine the incidence of lactic acidosis in community-based patients 
with type 2 diabetes, with special reference to metformin therapy.
Design: Substudy within a longitudinal observational study, the Fremantle Diabetes 
Study (FDS).
Participants and setting: 1279 patients from a postcode-defined population of 120 097 

le in Western Australia.
 outcome measures:  Confirmed hospitalisation with lactic acidosis identified 
gh the WA Data Linkage System during two periods: (1) from study entry, between 

 and 1996, and study close in November 2001; and (2) from study entry to 30 June 
.
lts: At entry, 33.3% of patients were metformin-treated, and 23.1% of these had 
r more contraindications to metformin (55.1% and 38.0%, respectively, after 5 

years’ follow-up). Five confirmed cases of lactic acidosis were identified during 12 466 
patient-years of observation; all had at least one other potential cause, such as 
cardiogenic shock or renal failure. From study entry to close, the incidence was 0/100 000 
patient-years in both metformin-treated and non-metformin-treated patients. Between 
study entry and 30 June 2006, incidence was 57/100 000 patient-years (95% CI, 12–168) in 
metformin-treated patients and 28/100 000 patient-years (95% CI, 3–100) in the non-
metformin-treated group, an incidence rate difference of – 30 (– 105 to 46) (P = 0.4).
Conclusion: The incidence of lactic acidosis in patients with type 2 diabetes is low but 
increases with age and duration of diabetes, as cardiovascular and renal causes become 
more prevalent. Metformin does not increase the risk of lactic acidosis, even when other 
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recognised precipitants are present.
act
me
staL
 ic acidosis is an acute abnormal

tabolic state associated with sub-
ntial mortality.1 Although met-

formin therapy is listed among its causes,
the evidence for this relationship is
debated.2 The chemically related compound
phenformin was withdrawn in the early

analysis of prospective trials and observa-
tional cohort studies showed no cases of
fatal or non-fatal lactic acidosis in 47 846
patient-years of metformin use.4

Such studies are likely to have respected
contraindications and precautions, such as
renal impairment, heart failure and a dosage
of > 2 g per day, when metformin was pre-
scribed. Case series, including one from Aus-
tralia, have suggested that the use of the drug
in the presence of one or more of these
factors could increase the risk of lactic acid-
osis.5,6 However, survey data indicate that
relatively large numbers of metformin-treated
patients (one in four, or more) have at least
one contraindication.7,8 Despite this, popula-
tion-based rates of lactic acidosis do not
appear to be associated with metformin use.9

Few representative, community-based
prospective cohort studies have examined
“real-life” use of metformin in type 2 dia-
betes and its possible association with lactic
acidosis. We therefore analysed data from
the longitudinal, observational Fremantle
Diabetes Study to assess the relationship
between metformin use, its contraindica-
tions, and the incidence of lactic acidosis in
an urban Australian setting.

METHODS

Patients
The Fremantle Diabetes Study (FDS) took
place in a postcode-defined population of
120097 people in and around the port of
Fremantle in Western Australia. Descriptions
of recruitment, sample characteristics (includ-
ing classification of diabetes type and details of
patients not recruited) have been published.10

Of the 2258 patients with diabetes identified
between April 1993 and 1996, 1426 (63%)
were recruited to the FDS and 1294 had type 2
diabetes. Eligible patients who declined parti-
cipation were a mean of 1.4 years older than
participants, but their sex distribution, the
proportion with type 2 diabetes and the distri-
bution of treatment modalities were similar.10

The FDS protocol was approved by the
Human Rights Committee at Fremantle Hos-
pital, and all subjects gave informed consent
before participation.

Follow-up was categorised as: (i) FDS
follow-up: from the baseline visit to the last
annual assessment in November 2001 dur-
ing which patients had a minimum of one
and a maximum of nine (median, four)
assessments; and (ii) long-term follow-up,
by data linkage, from baseline to death or 30
June 2006.

Baseline and annual assessments
Recruited patients were invited to attend
annual reviews until the FDS closed in

2001, 5 years after the last patient was
recruited. The assessment at study entry and
at each annual review included a compre-
hensive questionnaire and physical exami-
nation.10 In addition to details of all medical
conditions and their management, demo-
graphic, socioeconomic and lifestyle data
were recorded. Patients were requested to
bring all medications to each visit, and
details, including dosages, were recorded.
Any missing medication data were collected
by telephone or review of hospital case
notes. Biochemical tests were performed on
fasting blood and urine samples by using
standard automated methods.

Ascertainment of cases of lactic 
acidosis
All hospital admissions in WA are recorded
in the WA Data Linkage System (WADLS),11

which was used as a source of FDS patient
outcomes from the beginning of the study in
1993 until 30 June 2006. All patients hos-
pitalised with an International classification
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of diseases (ICD) code relating to acidosis
were identified through this linkage, and the
case notes of each patient were obtained and
reviewed. Episodes of lactic acidosis were
identified as those in which the patient had
an arterial pH of < 7.35 in association with a
venous or arterial plasma lactate > 5.0
mmol/L.1 Other data extracted for use in
this analysis included the age at time of
presentation, the dosage of metformin, the
serum creatinine (from which we calculated
the estimated glomerular filtration rate
(eGFR) using the equation of the Modifica-
tion of Diet in Renal Disease study12), and
the presence or absence of comorbidities,
including ischaemic heart disease, heart fail-
ure and respiratory failure.

Statistical analysis
SPSS for Windows, version 14.0 (SPSS
Inc, Chicago, Ill, USA) was used for statis-
tical analysis. Data are presented as pro-
portions or means (with 95% CIs) or, in
the case of variables that did not conform
to a normal distribution, median (and
interquartile range [IQR]). Incidence rate
estimates are given with a corresponding
95% CI. Incidence rates were compared
by calculation of incidence rate ratios and
incidence rate differences with EpiBasic
implemented in Microsoft Excel 2003
(Microsoft Corporation, Redmond, Wash,
USA). A significance level of P < 0.05 was
used throughout.

RESULTS

Baseline metformin use

We had complete data relating to oral
hypoglycaemic drug use for 1279 FDS par-
ticipants with type 2 diabetes (98.8 % of the
sample) at the time of study entry. They
were aged 64 years (95% CI, 39–84 years),
48.8% were men, and diabetes had been
diagnosed a median 4.0 years (IQR, 1.0–9.0
years) previously. Of these patients, 425
(33.3%) were taking metformin (Box 1); of
these, 18.4% had eGFR < 60mL/min, 12.5%
were taking > 2 g metformin daily, 5.2% had
a history of hospitalisation for heart failure,
and 2.8% had suffered a myocardial infarc-
tion within 6 months of assessment (Box 2).
A total of 98 metformin-treated patients
(23.1%) had at least one of these contraindi-
cations to its use.

Longitudinal metformin use

Changes in contraindications and in met-
formin use over 5 years of follow-up (until
study close in 2001) are shown in Box 1.
There was a steady increase, from 33.3% to
55.1% over 5 years, in the percentage of
patients prescribed metformin.

There were increases in the percentages of
patients, of those prescribed metformin, with
an eGFR < 60mL/min (from 18.4% to
34.4%), who were taking >2 g metformin
daily (from 12.5% to 14.8%), or who had a
history of hospitalisation for heart failure
(from 5.2% to 8.6%) (Box 2). The percentage
of those taking metformin and who had
suffered a myocardial infarction within the
previous 6 months fell to 0.3% over 5 years.
Overall, the percentage of metformin-treated
patients with at least one of these contraindi-
cations rose from 23.1% to 38.0% (Box 1).

Lactic acidosis cases

Twenty-five cases of acidosis of any cause
were identified from the WADLS data over
the 13.2-year follow-up period between
April 1993 and June 2006. Of these, five
had all necessary diagnostic criteria for lactic
acidosis (Box 3). Three of these five patients
were taking metformin at the time of admis-
sion. All five patients had at least one signif-
icant comorbidity that can be associated
with lactic acidosis (renal failure, myocardial
infarction, cardiogenic shock or throm-
boembolic disease). Two patients died, one
of whom was metformin-treated. Of the
remaining 20 cases: 18 had definite bio-
chemical evidence that the diagnosis was
not lactic acidosis; and in two, there was

inadequately documented biochemical char-
acterisation of the nature of the acidosis.

None of the five confirmed cases of lactic
acidosis occurred during the first of the
follow-up periods, and so the incidence rate
ratio for patients treated with metformin
compared with those not treated with met-
formin was not calculable (Box 4).

During, long-term follow-up, the treat-
ment-independent incidence was 5/12 466
patient-years or 40/100 000 patient-years
(Box 4). Under the conservative assumption
that the prevalence of metformin use was
the same during the longer follow-up period
as at the end of the FDS, the incidence of
confirmed cases was 3/5228 patient-years in
metformin-treated patients, or 57/100 000
patient-years. This is similar to 2/7238
patient-years (28/100 000 patient-years) in
the non-metformin-treated group. The inci-
dence rate ratio for confirmed cases of lactic
acidosis among metformin-treated versus
non-metformin-treated patients is, there-
fore, 0.48 (0.04 to 4.20) (P = 0.4) and the
incidence rate difference is – 30 (– 105 to
46) (P = 0.4).

DISCUSSION
The data, from the community-based FDS,
provide real-life evidence that the incidence
of lactic acidosis in metformin-treated
patients with type 2 diabetes is low and no
higher than in patients treated with other
blood glucose-lowering therapies. This low

2 Percentages of patients in the 
Fremantle Diabetes Study, of 
those prescribed metformin, with 
renal failure, a history of heart 
failure, or taking a high dosage of 
metformin, at each annual review

eGFR = estimated glomerular filtration rate. ◆
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incidence is even more remarkable for the
fact that the FDS cohort included a signifi-
cant proportion of patients who were taking
metformin (increasing from a quarter to
more than a third over the first 5 years of
follow-up), despite at least one recognised
contraindication or precaution. In all five
confirmed cases of lactic acidosis, there was
at least one other potential causative factor,
such as cardiogenic shock or renal failure.

Metformin use increased during FDS fol-
low-up, and it is likely to play an even
greater role in the treatment of type 2 diabe-
tes in future. Factors such as the characteris-
tic therapeutic progression of type 2
diabetes and a reluctance to consider insulin
at an early stage,13 together with evidence
that metformin may be cardioprotective
independently of its metabolic effects,14

help to explain these trends, but glycaemic
targets are becoming more stringent,15 and
increasing recent concerns over the adverse
effects of thiazolidinediones16 could further

promote metformin use. In addition, a
recent European and United States consen-
sus statement recommends that metformin
should be commenced at the time of diagno-
sis, in concert with intensified lifestyle
measures, because of its proven glycaemic
efficacy in the absence of hypoglycaemia
and weight gain.17

Increased metformin use in a population
carries with it the risk that more patients will
have contraindications, as seen in this study.
Our data show that patients with renal
impairment and heart failure had the great-
est proportional increases in use. While this
is likely to reflect, in part, a relationship
between these complications and both
increasing age and diabetes duration, it may
also indicate that the relative benefits of
metformin outweigh the risks when the
prescriber is faced with a need for progres-
sive therapeutic intensification. The relative
temporal stability of the proportion of
patients taking > 2 g/day is reassuring, given

the evidence that dosages in this range are
associated with little added glycaemic bene-
fit but an increase in side effects.18

In surveys from Europe, the US and Can-
ada, the estimated incidence of lactic acido-
sis in metformin-treated patients with type 2
diabetes has been 2–10/100 000 patient-
years. The number of patient-years of obser-
vation in individual surveys has ranged from
22 296 to 2 893 900.19 The upper 95% con-
fidence limits for the incidence of lactic
acidosis in a Cochrane meta-analysis involv-
ing 47 846 patient-years in metformin-
treated patients and 38 221 patient-years in
non-metformin-treated patients were 6.3/
100 000 and 7.8/100 000, respectively.4

Our data relating to episodes of lactic
acidosis identified during follow-up before
the close of the FDS in 2001 are consistent
with these population and large-sample esti-
mates. However, the mean age of our 793
surviving patients (62.0% of the cohort) at
the close of the FDS, in 2001, was 72 (95%
CI, 49–90) years, and their diabetes duration
was 15.1 (IQR, 12.9–18.7) years. Increasing
numbers were developing other potential
causes of lactic acidosis, such as cardiovascu-
lar disease and renal impairment. This is
reflected by the steadily rising proportion
with metformin contraindications (Box 1).
Consistent with this, lactic acidosis incidence
rates were higher when the extended follow-
up to 30 June 2006 was included. Neverthe-
less, values for incidence rate ratios and
incidence rate differences did not suggest an
increased lactic acidosis risk in metformin-
treated patients compared with those taking
other therapies for type 2 diabetes during up
to 13.2 years of follow-up.

Our study had limitations. Compared
with previous population-based surveys19

and systematic reviews,4 our total patient-
years of follow-up were small, so there were

4 Cases of lactic acidosis during follow-up in the Fremantle Diabetes Study (FDS)

Patient-years 
of follow-up

Confirmed lactic 
acidosis cases

Incidence* 

(95% CI)

From FDS baseline to last visit†

Total time 5 172 0 0

Patient time on metformin 2 169 0 0

Patient time not on metformin 3 003 0 0

FDS long-term follow-up‡

Total time 12 466 5 40 (13–94)

Patient time on metformin§ 5 228 3 57 (12–168)

Patient time not on metformin§ 7 238 2 28 (3–100)

* Lactic acid cases per 100 000 patient-years. † During FDS to study close in November 2001. ‡ During long-
term follow-up with continuous endpoint data collection to death or 30 June 2006, from the Western 
Australian Data Linkage System. § Prevalence extrapolated from the proportion using or not using metformin 
at study close in November 2001. ◆

3 Patients from the Fremantle Diabetes Study with confirmed lactic acidosis

Patient 
no.

Age 
(years) Sex

Metformin 
(g/day)

Arterial 
pH

Plasma lactate 
(mmol/L)

Serum bicarbonate 
(mmol/L)

Serum creatinine 
(μmol/L) Other conditions Outcome

1 86 F Yes 
(1.0)

7.15 9.1 23 164 Myocardial infarction, 
acute renal failure, type 2 

respiratory failure

Discharged

2 71 F Yes 
(2.0)

6.79 13.8 5 79 Cardiogenic shock, 
thromboembolic disease

Died

3 70 F Yes* 6.81 17.5 3 940 Chronic renal failure Discharged

4 65 F No 7.34 9.5 Unknown Unknown End-stage renal failure, 
septic shock

Died

5 48 M No 7.08 10.9 14 227 Myocardial infarction, 
acute renal failure

Discharged

* Dosage unknown. ◆
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relatively few events and wide associated
confidence intervals. We estimate that about
150 000 patients would have been required
to ensure that there was no type II error at
80% power. Nevertheless, strengths of the
study include the detailed baseline charac-
terisation of each patient, the fact that the
WADLS captures both public and private
hospital admissions in WA,11 that the rate of
coding errors is low,20 and that there is a low
rate of migration out of the state.21 In
addition, we screened linked data for acido-
sis of any cause and reviewed the notes of
each such case both to minimise the chance
of missing an episode of lactic acidosis and
to obtain the biochemical evidence neces-
sary for diagnosis.

Given the apparent safety of metformin
when prescribed according to the package
insert,4 do the present data indicate that, as
has been proposed,2 the validity of contrain-
dications to metformin use should be
reviewed? There is published evidence that
metformin is safe in heart failure,22 renal
insufficiency (serum creatinine up to 220
�mol/L),23 and in experimental models of
sepsis.24 Some data even suggest benefit in
the case of cardiac failure.25 On the basis of
our results and other data,4 which do not
show a higher rate of lactic acidosis in met-
formin-treated than non-metformin-treated
type 2 diabetes, there is little evidence that
metformin is an important cofactor for the
development of lactic acidosis in patients
with pre-existing major recognised precipi-
tants, such as renal and heart failure. The
recent Cochrane review stated that there is a
need for large prospective, comparative trials
in patients with type 2 diabetes and condi-
tions that are currently considered contra-
indications to its use, such as chronic renal
insufficiency.4 Assessment of the risk–benefit
equation from such important trial data
would require evaluation of the benefits of
metformin therapy, such as reduced coronary
heart disease14 as well as possible harms,
such as lactic acidosis.
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