
Renal Status Among Patients Using
Metformin in a Primary Care Setting
LAURENCE KENNEDY, MD

1

WILLIAM H. HERMAN, MD, MPH
2

FOR THE GOAL A1C STUDY TEAM

M etformin use has been associated
with lactic acidosis, a rare but po-
tentially lethal condition character-

ized by elevated blood lactate levels (�5
mmol/l), an increased lactate-to-pyruvate
ratio, and an increased anion gap (1). Most
cases of metformin-associated lactic acido-
sis occur in patients with preexisting condi-
tions (e.g., renal insufficiency, hepatic
impairment, or heart failure) (2). When
used as labeled, metformin may not in-
crease the risk of lactic acidosis beyond
what already exists with such conditions
(3–5). However, despite evidence suggest-
ing that the risk of lactic acidosis may be
reduced if metformin is avoided in patients
with renal impairment, and despite the
ready availability of serum creatinine tests to
assess renal function, inappropriate pre-
scribing of metformin is a concern (2,3,6–
9).

The randomized, open-label Glyce-
mic Optimization with Algorithms and
Labs At Po1nt of Care (GOAL A1C) study
was designed to evaluate the impact of
point-of-care versus laboratory testing of
glycosylated hemoglobin (A1C) and
monitored versus standard titration of in-
sulin glargine on glycemic control in pa-
tients with type 2 diabetes inadequately
controlled on oral agents. This study also
provided an opportunity to assess appro-
priateness of metformin therapy based on
serum creatinine levels at enrollment in a
large, predominantly primary care popu-

lation. This assessment forms the basis of
the current report.

RESEARCH DESIGN AND
METHODS — Eligible subjects were
�18 years of age, had type 2 diabetes for
�1 year, were receiving oral antidiabetic
agents for �2 months, and had inade-
quate glycemic control (A1C �7.0%). Pe-
ripheral venous blood samples were
obtained at baseline to measure serum
creatinine levels. In addition, physicians
identified patients who they believed had
clinically significant nephropathy. Met-
formin therapy was considered inappro-
priate if the baseline serum creatinine
level was above U.S. Food and Drug Ad-
ministration–approved prescribing
guidelines (i.e., �1.5 mg/dl [�133
�mol/l] for men or �1.4 mg/dl [�124
�mol/l] for women). Such patients could
participate in the study only if metformin
was discontinued at enrollment. Baseline
demographic characteristics of subjects
taking versus not taking metformin, and
of metformin-treated subjects with ele-
vated versus nonelevated serum creati-
nine levels, were compared using
ANOVA for continuous variables and the
�2 test for categorical variables. The glo-
merular filtration rate (GFR) was esti-
mated in patients using metformin with
the abbreviated MDRD (Modification of
Diet in Renal Disease) study equation

(based on serum creatinine, patient age,
race, and sex) (10).

RESULTS — The majority of subjects
were treated by primary care physicians
(�75%) or other nonendocrinologists
(14%). Subjects with known metformin
treatment status and a baseline serum cre-
atinine measurement were enrolled (n �
6,939). Of these, 4,838 (69.7%) were tak-
ing metformin. Subjects taking met-
formin were slightly younger than those
not taking metformin (mean age 55.8 vs.
58.6 years, respectively; P � 0.0001) and
more likely to be men (51.1 vs. 48.9%;
P � 0.0170). Mean duration of diabetes
(between 8 and 9 years) and BMI (34.0
kg/m2) were similar between groups.
Clinically significant nephropathy was
less likely to be reported among subjects
taking metformin than among those not
taking metformin (4.4 vs. 8.1%, respec-
tively; P � 0.0001).

Of the 4,838 patients receiving met-
formin, 219 (4.5%) had elevated baseline
serum creatinine levels (3.7% of women
and 6.6% of men). The median serum cre-
atinine level in women using metformin
was 0.8 mg/dl (range 0.4–5.0, interquar-
tile range [IQR] 0.7–1.0) compared with
1.0 mg/dl (range 0.3–5.8, IQR 0.9–1.2)
in men. Distribution plots show that ele-
vated serum creatinine levels mostly clus-
tered between 1.6 and 3.0 mg/dl (Fig.
1A). Subjects with elevated serum creati-
nine levels tended to be older (age 63.0 vs.
55.5 years, respectively; P � 0.0001), to
be male (68.5 vs. 50.3%; P � 0.0001), to
have a longer disease duration (10.0 vs.
8.5 years; P � 0.0004), and to have a
greater prevalence of clinically significant
nephropathy (8.3 vs. 4.2%; P � 0.0037).
The groups did not differ with respect to
BMI.

The GFR calculation revealed that,
among patients using metformin, 17.7%
of females and 13.4% of males had an es-
timated GFR �60 ml � min�1 � 1.73 m�2

(Fig. 1B). The median GFR in women was
79 ml � min�1 � 1.73 m�2 (range 11–192,
IQR 66 –95) compared with 81 ml �
min�1 � 1.73 m�2 (range 10–357, IQR
69–94) in men.
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CONCLUSIONS — We report that 1
of 22 (4.5%) patients treated with met-
formin in general practice had serum cre-
atinine levels exceeding predefined safety
limits. This is consistent with the litera-
ture (7–9). The fact that subjects with el-
evated serum creatinine levels tended to
be older and to have a longer duration of
diabetes is not surprising, as both of these
factors are associated with the develop-
ment of renal impairment. Increased
prevalence in men may be due to sex-
specific differences in muscle mass. Be-
cause most participants in the GOAL A1C
study were taking oral antidiabetic agents
for several years preceding study entry,
the available data do not allow assessment
of whether serum creatinine levels were
measured and taken into consideration at
the time metformin was originally
prescribed.

At least three scenarios can be pro-
posed to explain the use of metformin in
patients with elevated serum creatinine
levels: 1) levels are not appropriately or
consistently assessed, 2) levels are normal

at the time of the initial prescription and
subsequent elevations go unrecognized,
or 3) physicians judge that benefits of
therapy outweigh potential risks.

Because serum creatinine can over-
estimate renal function, particularly in
older or obese patients (11,12), GFR was
calculated (10). Based on GFR, the pro-
portion of patients taking metformin who
are actually renally impaired may be
larger than would be determined by using
serum creatinine. Regardless of patients’
current or prior metformin use, these data
question the practice of relying solely on
serum creatinine for evaluation of renal
function in diabetic patients. While the
benefit of metformin use in patients with
contraindications may be debated, it is
clear that metformin can accumulate in
the setting of renal impairment, and thus
unmonitored use is of concern (3). Fur-
ther research is needed to determine
whether periodic testing of serum creati-
nine levels or 24-h creatinine clearance
measurements should be mandatory for
patients receiving metformin.
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