The relationship between metformin therapy and the fasting
plasma lactate in type 2 diabetes: The Fremantle Diabetes Study
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Aims To determine (i) which factors, including metformin, are associated with the
fasting plasma lactate concentration in type 2 diabetes, and (ii) whether plasma lactate is
associated with haemodynamic and metabolic effects.

Methods We measured fasting plasma lactate in 272 well-characterized diabetic
patients from a community-based sample, 181 (67%) of whom were taking metformin
with or without other therapies. Linear regression analysis was used to identify
predictors, including metformin therapy, of the plasma lactate, and to investigate
associations between plasma lactate and resting pulse rate and serum bicarbonate.
Factor analysis assessed independent relationships between groups of cosegregating
variables.

Results Metformin-treated patients had higher plasma lactate concentrations than
nonmetformin-treated subjects (geometric mean [s.d. range] 1.86 [1.34—2.59] vs 1.58
[1.09-2.30] mmol 1™, respectively; P<0.001). In a linear regression model, plasma
glucose, BMI and metformin use (but not dose) were independently associated with
plasma lactate (P<0.028); after adjustment for the former two variables, metformin-
treated patients had a mean plasma lactate 0.16 mmol 17! greater than in subjects
not taking the drug. Factor analysis revealed that plasma lactate, plasma glucose,
BMI and pulse rate cosegregated but serum bicarbonate was not in this grouping.
Conclusions The present results show that metformin therapy increases the fasting
plasma lactate in ambulant patients with type 2 diabetes from a community-based
cohort. From associations in the data we hypothesize that this increase reflects
(1) increased sympathetic activity in patients with the metabolic syndrome (ii) increased
substrate (glucose) availability and (iii) a direct metformin effect.
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renal insufficiency, that can lead independently to lactic

Introduction

The efficacy and benefits of metformin treatment in
type 2 diabetes have been confirmed by recent large-scale
studies [1, 2]. Although the most serious adverse effect
associated with metformin is acknowledged to be lactic
acidosis [3], this association has been called into question.
Most metformin-treated diabetic patients developing lactic
acidosis have other conditions, such as heart failure and
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acidosis [4=7]. In addition, the rate of lactic acidosis in
type 2 diabetes in the community does not appear to be
influenced by the availability of metformin [8]. Although
up to 50% of patients receiving metformin in the UK
have at least one contra-indication to its use [9, 10], the
incidence of lactic acidosis in these patients appears very
low [10]. Both nonsteroidal anti-inflammatory drugs
(NSAIDs) [11] and angiotensin converting enzyme (ACE)
inhibitors [12] may increase the risk of lactic acidosis in
nephropathic patients treated with metformin, but reports
of these interactions have been confined to single cases.
Lactic acidosis is defined conventionally as a plasma
lactate concentration >5.0 mmol 17! together with
an arterial blood pH<7.35 [13]. In diabetic patients
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receiving metformin, it has been recommended that
the measurement of blood lactate be used to assess
whether a change in symptoms reflects incipient acidosis
(Glucophage(@ Product Information, Bristol-Myers
Squibb Company, Princeton, NJ, USA) or as a guide to
whether the drug should be stopped during acute
intercurrent illness [14]. Interpretation of measurements
in these situations requires knowledge of reference blood
lactate concentrations in asymptomatic patients taking
regular metformin. Available data obtained mainly from
subjects participating in comparative efficacy trials suggest
that metformin has either a neutral effect on the fasting
plasma lactate [15, 16] or increases it by an average of up to
0.4 mmol 17! [17, 18]. These latter studies are consistent
with reports that metformin is associated with higher
blood lactate levels than either diet [19] or sulphonylurea
[20] treatment. A positive relationship between plasma
lactate and serum creatinine has been described in patients
with type 2 diabetes taking metformin but not with other
blood-glucose lowering regimens [21].

Factors not directly related to diabetes treatment such
as obesity [22], hypertension [23] and hyperglycaemia itself
[24, 25] have also been associated with raised plasma lactate
in diabetic patients. It is therefore likely that the plasma
lactate is influenced by a range of potentially interacting
variables in type 2 diabetes including body weight, gly-
caemia, blood pressure and renal function, as well as blood
glucose lowering therapy per se. Without knowledge of
the relative importance of these factors, the interpretation
of a fasting plasma lactate concentration is difficult.

The aims of the present study were to (i) measure fasting
plasma lactate concentrations in a community-based
sample of patients with type 2 diabetes who were taking
metformin and/or other blood glucose lowering therapy
(i) identify which factors, including metformin treat-
ment, are independent predictors of plasma lactate,
and (iil) determine whether plasma lactate is associated
with significant haemodynamic and metabolic effects in
ambulant patients on established therapy for diabetes.

Methods
Patients

We studied 272 patients with type 2 diabetes. All were
participants in the Fremantle Diabetes Study (FDS),
a prospective observational study of diabetes in a post-
code-defined region of 120 097 people surrounding the
port of Fremantle in Western Australia. The FDS proto-
col was approved by the Human Rights Committee,
Fremantle Hospital and all patients gave informed con-
sent. Patient identification was through hospital records,
general practitioners, specialists, allied health services,
advertisements and word of mouth. Recruitment criteria
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included diagnosis of diabetes by a medical practitioner
and residence in the catchment area. From 1993 to 1996,
2277 diabetic subjects were identified and 1426 (64%)
recruited. Of these, 1294 (91%) had type 2 diabetes which
was defined as that (i) treated with diet and/or oral
hypoglycaemic agents irrespective of age at diagnosis,
(i) in patients aged > 60 years at diagnosis whatever
the treatment history and (iii) diagnosed between 40 and
60 years of age, treated with insulin at study entry but
not at diagnosis, and associated with a body mass index
(BMI)>30 kg m™~ . Subjects with secondary diabetes
were excluded. Where classification required other
data, case records were consulted for evidence of ketosis,
islet cell autoantibody levels and serum insulin/C-peptide
concentrations.

Patients were eligible for recruitment to the present
study if they attended for an annual FDS assessment during
a 12 month period from September 1998. All metformin-
treated patients were invited to participate. A second group
of patients on diet alone with or without sulphonylurea
therapy was also recruited. This second group was matched
in a ratio of 1:2, and as closely as possible for age and sex,
with the metformin-treated patients. The present com-
bined sample represented 21% of the patients with type 2
diabetes in the FDS cohort and 13% of all identified in the
study catchment area through active case detection.

Clinical assessment

At each annual visit, all FDS subjects have a comprehen-
sive medical history taken (including full details of therapy
for diabetes) and undergo physical examination, and
provide fasting blood and urine samples for automated
biochemical analyses. Subjects in the present study
provided an additional blood sample taken into fluoride-
oxalate for plasma lactate assay. All lactate assays were
performed using the Monotest Lactate™ kit (Roche
Diagnostics, Castle Hill, NSW, Australia) and the Cobas
Fara centrifugal analyser (Roche Diagnostics) with calibra-
tion by lithium lactate standard. The reference range for
venous plasma was 0.6-2.0 mmol 17", Within-run preci-
sion was 1.0% at 4.3 mmol 1~ ' and between-run precision
was 1.8%at5.2 mmol 17", Patients were classified as having
coronary heart disease (CHD) if there was a self-reported
history of myocardial infarction, angina, coronary artery
bypass grafting, angioplasty and/or definite or probable
ischemic changes on Minnesota coding of a resting 12-lead
electrocardiogram.

Statistical analysis

SPSS for Windows (SPSS Inc., Chicago, Illinois, USA)
was used for all data analyses. Data are presented as
mean + s.d. or, in the case of variables (including plasma
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glucose and lactate, and glycosylated haemoglobin
(HbA1c¢)) which did not conform to a normal distribution
by Kolmogorov-Smirnov test, geometric mean and |[s.d.
range|. Two-sample comparisons were by Student’s
t-tests. Comparison of proportions was by Chi-square
test and of multiple means by analysis of variance (ANOVA)
and the Bonferroni post hoc test. Associations between
variables were assessed using multiple linear regression
analysis with a stepwise forward selection procedure.
A two-tailed level of significance of 0.05 was used
throughout.

To further investigate relationships between correlated
metabolic and haemodynamic variables of interest, we
performed factor analysis using principal component
analysis (PCA) and varimax orthogonal rotation [26].
This process identifies the minimum number of factors
that are presumed to underlie variables that cosegregate
and which might, for example, represent distinct
pathophysiological processes. After extraction of initial
components using PCA and the Scree test, orthogonal
rotation is used to transform the original components to
independent clusters or domains that can then be
interpreted. Based on the number of subjects in the
present study, a loading of + 0.34 was considered
significant on any one factor [26].

Results
Subject characteristics

Of the 272 patients recruited to the present study, 181
(67%) were taking metformin. Details of the patients
grouped by diabetes treatment are summarized in Table 1.
Patients taking more than one blood glucose lowering
drug had a significantly longer duration of diabetes than
patients in the other treatment groups (P<0.001 by
aNova) and also had the highest mean HbAlc levels
(P<0.001). Patients on diet alone had the lowest fasting
plasma glucose, HbA1c and resting pulse rate (P<0.01 in
each case; see Table 1).

Fasting plasma lactate

The distribution of fasting plasma lactate concentrations in
the total sample is shown in Figure 1. In 35.7% of cases,
the plasma lactate was above the upper limit of the
reference range. The highest value was 6.4 mmol 17",
Plasma lactate concentrations in the five treatment groups
are summarized in Figure 2. There were significant
differences between the groups (P=0.008), with geo-
metric mean [s.d. range] concentrations in patients on diet
or sulphonylurea alone being similar but both significantly
lower than those in patients on metformin alone or taking
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Table 1 Details of patients grouped by diabetes treatment. Data are mean + s.d. or geometric mean and (s.d. range).

Metformin + insulin + sulphonylurea

Metformin + sulphonylurea

Metformin alone

Sulphonylurea alone

Diet alone

15

109

57

34

Number

66.0+10.8

60.0

66.4+8.6

58.7

65.9+10.3

43.9

67.7+8.1

76.5

66.61+9.2

50.9

Age (years)

Sex (% males)

16.9 4 8.2%bd
30.9+3.9

67+ 11

11.245.7%0¢
30.0+5.1

71412°

7.7+3.5 8.4+5.4

7.0+4.2

Diabetes duration (years)

Lactate and metformin in type 2 diabetes

30.1+4.6
724+13"

28.0+3.6

69+ 14

28.7+5.1
64+11

Body mass index (kg m™?)

Resting pulse rate (beats min ™~ ')

149 +25
75+12

146 +24
73+ 11

150422

74+10

142+21
70+10

Supine systolic blood pressure (mmHg)

74410

Supine diastolic blood pressure (mmHg)

7.9 (5.9-10.6)
7.9 (7.0-8.9)°

(7.1-12.0)*
7.7 (6.7-8.9)*

9.3

8.7 (7.1-10.5)*
7.1 (6.1-8.4)*

8.6 (6.8-11.0)
7.2 (6.3-8.1)*

7.5 (5.7-9.8)
6.5 (5.6-7.6)

Fasting plasma glucose (mmol 17 1)

HbAlc (%)

1.81 (1.22-2.67)

1.86 (1.39-2.51)"

1.58 (1.10-2.27) 1.87 (1.28-2.73)"

1.57 (1.06-2.32)

Fasting plasma lactate (mmol 17 ")

*P<0.05 vs diet alone; "P<0.05 vs sulphonylurea alone; P<0.05 vs metformin alone; “P<0.05 vs metformin + sulphonylurea.
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metformin combined with a sulphonylurea drug (P<0.05
in each case; see Table 1).

Because of the similarities between mean plasma lactate
concentrations in the five treatment groups when
considered according to whether or not patients were
taking metformin, subsequent analyses were based on this
simplified binary classification (see Table 2). Metformin-
treated patients had significantly longer duration of disease,
a greater body mass index (BMI), and a higher pulse rate,

100
80
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40

Number of patients

20

Plasma lactate (mmoll™)

Figure 1 Frequency histogram showing distribution of plasma
lactate concentrations in the present study. The upper limit of the
reference range (2 mmol 17" is indicated by a vertical dashed
line.

fasting plasma glucose and HbAlc compared with those
not receiving metformin (P<0.003). Although the
differences between the group means were small, patients
on metformin had significantly lower serum bicarbonate
and higher serum potassium concentrations than those not
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Figure 2 Geometric mean (bars) and standard deviation range
(vertical lines) for patients grouped according to type of
treatment for diabetes. Numbers of patients in each group are as
in Table 1. SU = sulphonylurea. Met = metformin. Ins =
insulin. * indicates significantly different from both diet alone
and SU alone.

Table 2 Details of patients classified by whether or not they were taking metformin when studied. Data are mean =+ s.d. or geometric mean and

(s.d. range).

Not taking metformin Taking metformin P value
Number 91 181 -
Age (years) 66.7+8.8 66.2+9.3 0.67
Sex (% males) 60.4 54.1 0.31
Diabetes duration (years) 7.6+4.3 10.8+6.2 <0.001
Daily metformin dose (g) - 1.5[1.0-2.0]9 -
Body mass index (kg n172) 28.5+4.5 30.1+49 0.006
Resting pulse rate (beats min ™~ ) 66+13 71+12 0.003
Supine systolic blood pressure (mmHg) 145423 148124 0.42
Supine diastolic blood pressure (mmHg) 72410 74+11 0.09
Fasting plasma glucose (mmol 17 8.0 (6.1-10.4) 8.9 (7.0-11.5) <0.001
HbAlc (%) 6.8 (5.8-8.0) 7.6 (6.5-8.8) <0.001
Fasting plasma lactate (mmol 1 1.58 (1.09-2.30) 1.86 (1.34-2.59) <0.001
Serum creatinine (umol 17 I) 94+19 100458 0.33
Serum bicarbonate (mmol 171) 26.8+2.4 26.142.4 0.032
Serum potassium (mmol 17 1) 4.440.3 4.6+0.4 <0.001
Ischaemic heart disease (%) 30.9 26.5 0.48
B-adrenoceptor blockers (%) 13.8 11.6 0.70
Angiotensin converting enzyme inhibitors (%) 16.0 30.7 0.009
Non-steroidal anti-inflammatory drugs (%) 6.4 2.8 0.19

fMedian and [interquartile range].
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Figure 3 Frequency histogram showing distribution by
percentage of plasma lactate in nonmetformin-treated patients
(light bars) and metformin-treated patients (dark bars). The upper
limit of the reference range (2 mmol 17" is indicated by a
vertical dashed line.

on the drug (P<0.04), and more were treated with an
ACE inhibitor (P=0.009).

The fasting plasma lactate concentration in metformin-
treated patients was, on average, 0.28 mmol 1! higher
than that of patients on diet with or without a
sulphonylurea drug (P<0.001; see Table 2). The dis-
tribution of plasma lactate concentrations in the two
groups is shown in Figure 3. Of those patients not taking
metformin, 27% had an elevated fasting plasma lactate
compared with 42% of those taking metformin (P=0.027
by % test).

Determinants of the fasting plasma lactate

In a linear regression analysis with the logarithm of the
fasting plasma lactate as dependent variable, there were
strong positive associations with both the logarithm of
the simultaneous plasma glucose and BMI (P<0.001),
while an independent association with metformin treat-
ment was also present (P=0.028). After adjusting for both
plasma glucose and BMI (adjusted means [95% confidence
1.66 [1.55, 1.78] and 1.82 [1.74, 1.92]
mmol 17", in patients not receiving and receiving met-
formin, respectively), the difference between the mean
plasma lactate in the two groups fell from 0.28 mmol 17"
to 0.16 mmol 17!, Variables entered into, but excluded
from, the model included age, sex, diabetes duration, the
logarithm of the HbAlc, systolic and diastolic blood
pressure, serum creatinine, a history of CHD, and ACE
inhibitor and NSAID use (P> 0.1 in each case). When the
metformin-treated patients were considered separately,

intervals]

there was no correlation between plasma lactate and the
daily dose of metformin in the same model (P=0.33).
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Figure 4 Scattergram showing the association between plasma
lactate and resting pulse rate in all patients in the present study.
The line of best fit is also shown.

Haemodynamic and metabolic effects in metformin-treated
patients

Factors associated with the resting pulse rate were also
assessed 1n a linear regression model. The logarithm of the
fasting plasma lactate (P<0.001), diastolic blood pressure
(P<0.001) and female sex (P=0.004) were strong
independent and positive predictors, while use of 8-
adrenoceptor blocker therapy (P=0.005) and systolic
blood pressure (P=0.006) were inversely associated. The
bivariate association between plasma lactate and pulse
rate is shown in Figure 4. Age, diabetes duration, BMI,
the logarithm of both fasting plasma glucose and HbAlc,
and metformin use were variables that were entered into,
but excluded from, the analysis (P> 0.09).

In the case of the serum bicarbonate, both BMI and
ACE inhibitor use were inversely associated (P<0.04),
but age, sex, serum creatinine, the logarithm of fasting
plasma glucose and lactate, the logarithm of the HbAlc,
and metformin and (-adrenoceptor blocker use were the
excluded independent variables (P>0.1). In a similar
model, (P<0.001) and {3-adrenoceptor
blocker (P=0.019) use were independently and positively
predictive of the serum potassium while all the other
variables were excluded (P>0.1).

metformin

Factor analysis

The correlation matrix between variables that could
influence, or be influenced by, the plasma lactate is shown
in Table 3 and factor loadings after varimax rotation of
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Table 3 Pearson’s correlation coefficient matrix for factors associated with plasma lactate in the present study.

Body Taking Serum Serum Pulse Plasma  Plasma
Age Sex mass index  metformin  creatinine  bicarbonate rate glucose lactate
Sex —0.04
Body mass index —0.35 —0.04
Taking metformin —0.03 —0.06 0.14**
Serum creatinine 0.21%* 0.31%* —0.03 0.05
Serum bicarbonate 0.11 0.02 —0.16** —0.13* —0.04
Pulse rate —0.03 —0.12% 0.18%* 0.18** —0.01 —0.16%*
Plasma glucose —0.07 0.07 0.12* 0.21** —0.05 —0.11%* 0.08
Plasma lactate —0.14 —0.06 0.25%* 0.20%* —0.01 —0.13% 0.29%*  (.28%*
Taking {-adrenoceptor blocker 0.09 0.02 —0.09 —0.04 0.05 0.10% —0.15%* 0.02 0.03

*P<0.05; **P<0.01.

Table 4 Loadings for factors identified after varimax rotation of the
results of principal component analysis.

Factor 1 Factor 2 Factor 3 Factor 4

Age —0.01 0.86* 0.02 0.06
Sex —0.06 —0.17 0.14 0.83*%
Body mass index 026 —0.63* —0.26 0.01
Taking metformin 0.59% 0.10 —0.24 —0.01
Pulse rate 0.36*  0.08 —0.62* —0.17
Serum creatinine 0.06 0.32  —0.16 0.77*
Serum bicarbonate —0.19 0.15 0.51* —0.11
Fasting plasma glucose 0.66* —0.18 0.16 0.08
Fasting plasma lactate 0.70x —0.18 —0.12 —0.07
Taking 8-adrenoceptor blocker  0.30 0.17 0.69%  0.02
Variance explained (%) 20.3 13.5 11.7 11.1

*Loading > +0.34.

principal components of the four factors identified in
Table 4. In factor 1, plasma lactate and glucose, metformin
treatment and pulse rate are clustered. In factor 2, age and
body mass index cosegregate inversely. In factor 3, use of a
-adrenoceptor blocker is grouped with serum bicar-
bonate but inversely with pulse rate. Factor 4 is a cluster
containing male sex and the serum creatinine as its
significant loadings. When considered cumulatively,
56.7% of the variance in the data is explained by the
four factors identified.

Discussion

The present results show that metformin therapy is
associated with an increase in the fasting plasma lactate
concentration in ambulant patients with type 2 dia-
betes from a community-based cohort. The adjusted
0.16 mmol 17" difference between mean plasma lactate
concentrations in our two main groups of subjects is
consistent with previously published reports [17, 18]. In
addition, its relatively small magnitude might also explain
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why it was not evident in other studies with limited
subject numbers [15]. In a larger scale study by De Fronzo
and coworkers [16], a nonsignificant mean increase in
fasting plasma lactate of 0.04-0.08 mmol 17!
observed in three groups of metformin-treated patients
while, in those allocated placebo or glibenclamide, the
mean lactate concentrations before and after 6 months of

‘was

therapy were virtually identical [16]. Taken together,
available data suggest that metformin per se has a
measurable but limited effect on lactate metabolism in
type 2 diabetes.

Other variables that were independently associated with
fasting plasma lactate in regression analysis were the
simultaneous plasma glucose and BMI. Similar associations
have been found previously in type 2 diabetes [22, 24, 25].
We did not, in contrast to a previous study of type 2
diabetic patients in which systolic blood pressure and
plasma lactate concentration correlated significantly [23],
find a relationship between blood pressure and plasma
lactate, nor did we observe independent associations with
CHD, renal function, or use of either ACE inhibitors or
NSAIDs. These findings, although reassuring, do not rule
out the possibility that metformin treatment may, in
certain clinical states such as cardiac failure and renal
insufticiency [6], increase the risk of lactic acidosis, espe-
cially in the presence of potentially nephrotoxic drugs [11,
12]. However, available epidemiological evidence suggests
that such situations are relatively rare [6-8].

Although the effect of metformin on plasma lactate was
limited in our patients, more than one third of the total
sample had a raised fasting plasma lactate concentration
(>2.0 mmol 17"). Probably because metformin is used
commonly in overweight patients and in those who
have had unacceptable glycaemic control on sulphonyl-
urea therapy, metformin-treated subjects were over-
represented amongst such cases. Nevertheless, our data
show that a single raised plasma lactate may, on its own,
have little practical use in assessing the risk of lactic acidosis
in a metformin-treated patient. An argument could be
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made for using a cut-off of 2.7 mmol 17" for reducing or
stopping metformin [6, 16], but 1 in 11 of our ambulant
patients had a plasma lactate in this range irrespective of
treatment. Furthermore, in those on metformin, there was
no association between plasma lactate and daily dose, a
finding that is consistent with previous studies in acidotic
patients [5] and one that argues for complete cessation of
the drug rather than dose reduction if there are significant
metabolic concerns.

We used the serum bicarbonate as a simple index of
acid-base status in our patients but found no association
with plasma lactate or metformin therapy. However, even
in injury and sepsis, the plasma lactate may be an unreliable
marker of tissue hypoxia and acidosis. It has been
hypothesized that adrenaline-stimulated Na™®, K-
ATPase activity accelerates glycolysis in well-oxygenated
skeletal muscle and that this can, on its own, elevate plasma
lactate concentrations in stress states [27]. Sympathetic
hyperactivity is also associated with the metabolic
syndrome and can be reduced by dietary control [28].

If this situation applied to our patients with type 2
diabetes, it might help to explain the associations bet-
ween glycaemia, BMI, plasma lactate and resting pulse rate
we observed. Sympathetic overactivity that augmented
circulating adrenaline concentrations would increase
plasma lactate and pulse rate. There was a significant
and positive association between these two variables in our
total series that was independent of other variables.
Although plasma catecholamine measurements were
beyond the scope of the present study, we hypothesize
that sympathetic overactivity associated with overweight
can increase the plasma lactate in type 2 diabetes and that
this can be exacerbated by increased substrate supply
in hyperglycaemic patients.
suggest that metformin does not play a role in this

Our regression analyses

scheme, especially since there was a positive association
with serum potassium. The serum potassium would be
expected to fall if Nat, KT-ATPase activity were
increased by the drug, thus increasing the flux of potassium
into cells. In addition, the introduction of metformin
does not alter plasma catecholamine concentrations in
humans [29].

Factor analysis confirmed that plasma lactate, plasma
glucose and metformin therapy cosegregated with the
resting pulse rate in factor 1. Although the positive loading
for BMI was not significant, the simplest interpretation for
this strong clustering is that metformin treatment is given
to hyperglycaemic patients with other features of the
metabolic syndrome. This combination leads to hyper-
lactaemia through (i) increased sympathetic activity, (ii)
increased substrate (glucose) availability and (iii) a direct
metformin effect. Consistent with the fact that raised
plasma lactate concentrations may not be associated with
tissue hypoxia and incipient acidosis, factor 3 shows that

©2001 Blackwell Science Ltd Br J Clin Pharmacol, 52, 137-144
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the serum bicarbonate does not segregate with plasma
lactate but rather with the expected reciprocal relationship
between the use of [3-adrenoceptor blockers and resting
pulse rate. Factors 2 and 4, namely those relating to the
reciprocal clustering of age and BMI, and to the cosegrega-
tion of male sex and serum creatinine, respectively, are
also in accord with known population associations [30,
31], which adds support to the validity of the analysis.

Our data, from a community-based sample of ambulant
patients on stable therapy for type 2 diabetes, confirm that
metformin 1is associated with a small but significant
increase in the fasting plasma lactate concentration. This
increase is unrelated to dose. Both hyperglycaemia and
overweight have a stronger association with plasma lactate,
and our data provide some indirect evidence that
sympathetic overactivity may play a role in this relation-
ship. The possible mechanisms underlying the eftect of
metformin on lactate metabolism remain incompletely
understood [32] but our data suggest that it does not act
through increased adrenaline secretion.

Although limited by their cross-sectional nature, the
present data suggest that the plasma lactate alone is
insufficient to monitor effectively patients at risk of lactic
acidosis whether they are metformin-treated or not.
Measures of acid-base status should also be obtained in
each case. If there is evidence of an acidosis and the patient
is on metformin, the drug should be stopped rather than be
given in a reduced dose. If there is no evidence of an
acidosis but the risk of acidosis persists, the plasma lactate
and acid-base status should be assessed serially. Given levels
of plasma lactate that have been proposed as clinically
significant [6, 13, 16] and the present data, we suggest that
such monitoring is intensified in metformin-treated
patients when (i) the plasma lactate is >5.0 mmol 17",
or (ii) the plasma lactate is >2.7 mmol 1~ " and the patient
does not have obesity or poor glycaemic control.
Although metformin remains a relatively safe drug for
the treatment of diabetes, any concerns raised by the results
of such monitoring should also prompt its complete
cessation.
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