
Drug Interactions: Metformin HCl
Furosemide: A single-dose, metformin-furosemide drug interaction study in healthy sub-
jects demonstrated that pharmacokinetic parameters of both compounds were affected by
co-administration. Furosemide increased the metformin plasma and blood Cmax by 22% and
blood AUC by 15%, without any significant change in metformin renal clearance. When
administered with metformin, the Cmax and AUC of furosemide were 31% and 12% smaller,
respectively, than when administered alone and the terminal half-life was decreased by 32%,
without any significant change in furosemide renal clearance. No information is available
about the interaction of metformin and furosemide when co-administered chronically.

Nifedipine: A single-dose, metformin-nifedipine drug interaction study in normal healthy
volunteers demonstrated that co-administration of nifedipine increased plasma metformin
Cmax and AUC by 20% and 9%, respectively and increased the amount excreted in the urine.
Tmax and half-life were unaffected. Nifedipine appears to enhance the absorption of met-
formin. Metformin had minimal effects on nifedipine.

Cationic Drugs: Cationic drugs (e.g., amiloride, digoxin, morphine, procainamide, quinidine,
quinine, ranitidine, triamterene, trimethoprim, and vancomycin) that are eliminated by renal
tubular secretion theoretically have the potential for interaction with metformin by competing
for common renal tubular transport systems. Such interaction between metformin and oral
cimetidine has been observed in normal healthy volunteers in both single- and multiple-
dose, metformin-cimetidine drug interaction studies with a 60% increase in peak met-
formin plasma and whole blood concentrations and a 40% increase in plasma and whole
blood metformin AUC. There was no change in elimination half-life in the single-dose
study. Metformin had no effect on cimetidine pharmacokinetics. Although such interactions
remain theoretical (except for cimetidine), careful patient monitoring and dose adjustment
of ACTOplus met and/or the interfering drug is recommended in patients who are taking
cationic medications that are excreted via the proximal renal tubular secretory system. 

Other: Certain drugs tend to produce hyperglycemia and may lead to loss of glycemic control.
These drugs include thiazides and other diuretics, corticosteroids, phenothiazines, thyroid prod-
ucts, estrogens, oral contraceptives, phenytoin, nicotinic acid, sympathomimetics, calcium
channel blocking drugs, and isoniazid. When such drugs are administered to a patient receiving
ACTOplus met, the patient should be closely observed to maintain adequate glycemic control. 

Carcinogenesis, Mutagenesis, Impairment of Fertility
ACTOplus met
No animal studies have been conducted with ACTOplus met. The following data are based
on findings in studies performed with pioglitazone or metformin individually. 

Pioglitazone HCl
A two-year carcinogenicity study was conducted in male and female rats at oral doses up to
63 mg/kg (approximately 14 times the maximum recommended human oral dose of 45 mg
based on mg/m2). Drug-induced tumors were not observed in any organ except for the uri-
nary bladder. Benign and/or malignant transitional cell neoplasms were observed in male rats
at 4 mg/kg/day and above (approximately equal to the maximum recommended human oral
dose based on mg/m2). A two-year carcinogenicity study was conducted in male and female
mice at oral doses up to 100 mg/kg/day (approximately 11 times the maximum recommend-
ed human oral dose based on mg/m2). No drug-induced tumors were observed in any organ.
Urinary tract tumors have been reported in rodents taking experimental drugs with dual
PPAR α/γ activity; however, pioglitazone is a selective agonist for PPARγ.

During prospective evaluation of urinary cytology involving more than 1800 patients
receiving pioglitazone in clinical trials up to one year in duration, no new cases of bladder
tumors were identified. Occasionally, abnormal urinary cytology results indicating possible
malignancy were observed in both patients treated with pioglitazone (0.72%) and patients
treated with placebo (0.88%).

Pioglitazone HCl was not mutagenic in a battery of genetic toxicology studies, including
the Ames bacterial assay, a mammalian cell forward gene mutation assay (CHO/HPRT and
AS52/XPRT), an in vitro cytogenetics assay using CHL cells, an unscheduled DNA synthe-
sis assay, and an in vivo micronucleus assay.

No adverse effects upon fertility were observed in male and female rats at oral doses up to
40 mg/kg pioglitazone HCl daily prior to and throughout mating and gestation (approxi-
mately 9 times the maximum recommended human oral dose based on mg/m2).

Metformin HCl
Long-term carcinogenicity studies have been performed in rats (dosing duration of 104
weeks) and mice (dosing duration of 91 weeks) at doses up to and including 900 mg/kg/day
and 1500 mg/kg/day, respectively. These doses are both approximately four times a human
daily dose of 2000 mg of the metformin component of ACTOplus met based on body surface
area comparisons. No evidence of carcinogenicity with metformin was found in either male
or female mice. Similarly, there was no tumorigenic potential observed with metformin in
male rats. There was, however, an increased incidence of benign stromal uterine polyps in
female rats treated with 900 mg/kg/day. 

There was no evidence of mutagenic potential of metformin in the following in vitro tests:
Ames test ( S. typhimurium ), gene mutation test (mouse lymphoma cells), or chromoso-
mal aberrations test (human lymphocytes). Results in the in vivo mouse micronucleus test
were also negative. 

Fertility of male or female rats was unaffected by metformin when administered at doses as
high as 600 mg/kg/day, which is approximately three times the maximum recommended
human daily dose of the metformin component of ACTOplus met based on body surface area
comparisons. 

Animal Toxicology
Pioglitazone HCl
Heart enlargement has been observed in mice (100 mg/kg), rats (4 mg/kg and above) and
dogs (3 mg/kg) treated orally with the pioglitazone HCl component of ACTOplus met
(approximately 11, 1, and 2 times the maximum recommended human oral dose for mice,
rats, and dogs, respectively, based on mg/m2). In a one-year rat study, drug-related early
death due to apparent heart dysfunction occurred at an oral dose of 160 mg/kg/day (approxi-
mately 35 times the maximum recommended human oral dose based on mg/m2). Heart
enlargement was seen in a 13-week study in monkeys at oral doses of 8.9 mg/kg and above
(approximately 4 times the maximum recommended human oral dose based on mg/m2), but
not in a 52-week study at oral doses up to 32 mg/kg (approximately 13 times the maximum
recommended human oral dose based on mg/m2).

Pregnancy: Pregnancy Category C
ACTOplus met
Because current information strongly suggests that abnormal blood glucose levels during
pregnancy are associated with a higher incidence of congenital anomalies, as well as
increased neonatal morbidity and mortality, most experts recommend that insulin be used
during pregnancy to maintain blood glucose levels as close to normal as possible.
ACTOplus met should not be used during pregnancy unless the potential benefit justifies
the potential risk to the fetus.

There are no adequate and well-controlled studies in pregnant women with ACTOplus met
or its individual components. No animal studies have been conducted with the combined
products in ACTOplus met. The following data are based on findings in studies performed
with pioglitazone or metformin individually.

Pioglitazone HCl
Pioglitazone was not teratogenic in rats at oral doses up to 80 mg/kg or in rabbits given
up to 160 mg/kg during organogenesis (approximately 17 and 40 times the maximum rec-
ommended human oral dose based on mg/m2, respectively). Delayed parturition and
embryotoxicity (as evidenced by increased postimplantation losses, delayed development
and reduced fetal weights) were observed in rats at oral doses of 40 mg/kg/day and above
(approximately 10 times the maximum recommended human oral dose based on mg/m2).
No functional or behavioral toxicity was observed in offspring of rats. In rabbits, embry-
otoxicity was observed at an oral dose of 160 mg/kg (approximately 40 times the maxi-
mum recommended human oral dose based on mg/m2). Delayed postnatal development,
attributed to decreased body weight, was observed in offspring of rats at oral doses of 
10 mg/kg and above during late gestation and lactation periods (approximately 2 times 
the maximum recommended human oral dose based on mg/m2).

Metformin HCl
Metformin was not teratogenic in rats and rabbits at doses up to 600 mg/kg/day. This rep-
resents an exposure of about two and six times a human daily dose of 2000 mg based on
body surface area comparisons for rats and rabbits, respectively. Determination of fetal
concentrations demonstrated a partial placental barrier to metformin. 

Nursing Mothers
No studies have been conducted with the combined components of ACTOplus met. In stud-
ies performed with the individual components, both pioglitazone and metformin are secreted
in the milk of lactating rats. It is not known whether pioglitazone and/or metformin is secret-
ed in human milk. Because many drugs are excreted in human milk, ACTOplus met should
not be administered to a breastfeeding woman. If ACTOplus met is discontinued, and if diet
alone is inadequate for controlling blood glucose, insulin therapy should be considered.

Pediatric Use
Safety and effectiveness of ACTOplus met in pediatric patients have not been established.

Elderly Use  
Pioglitazone HCl: Approximately 500 patients in placebo-controlled clinical trials of piogli-
tazone were 65 and over. No significant differences in effectiveness and safety were
observed between these patients and younger patients.

Metformin HCl:
Controlled clinical studies of metformin did not include sufficient numbers of elderly
patients to determine whether they respond differently from younger patients, although
other reported clinical experience has not identified differences in responses between the
elderly and young patients. Metformin is known to be substantially excreted by the kidney
and because the risk of serious adverse reactions to the drug is greater in patients with
impaired renal function, ACTOplus met should only be used in patients with normal renal
function (see CONTRAINDICATIONS and WARNINGS). Because aging is associated with
reduced renal function, ACTOplus met should be used with caution as age increases. Care
should be taken in dose selection and should be based on careful and regular monitoring of
renal function. Generally, elderly patients should not be titrated to the maximum dose of
ACTOplus met (see WARNINGS).

ADVERSE REACTIONS  
The most common adverse events reported in at least 5% of patients in the controlled 
16-week clinical trial between placebo plus metformin and pioglitazone 30 mg plus met-
formin were upper respiratory tract infection (15.6% and 15.5%), diarrhea (6.3% and
4.8%), combined edema/peripheral edema (2.5% and 6.0%) and headache (1.9% and
6.0%), respectively.

The incidence and type of adverse events reported in at least 5% of patients in any com-
bined treatment group from the 24-week study comparing pioglitazone 30 mg plus met-
formin and pioglitazone 45 mg plus metformin are shown in Table 2; the rate of adverse
events resulting in study discontinuation between the two treatment groups was 7.8% and
7.7%, respectively.

Most clinical adverse events were similar between groups treated with pioglitazone in
combination with metformin and those treated with pioglitazone monotherapy. Other
adverse events reported in at least 5% of patients in controlled clinical trials between
placebo and pioglitazone monotherapy included myalgia (2.7% and 5.4%), tooth disorder
(2.3% and 5.3%), diabetes mellitus aggravated (8.1% and 5.1%) and pharyngitis (0.8%
and 5.1%), respectively.

In U.S. double-blind studies, anemia was reported in < 2% of patients treated with piogli-
tazone plus metformin (see PRECAUTIONS section).

In monotherapy studies, edema was reported for 4.8% of patients treated with pioglitazone
versus 1.2% of placebo-treated patients. Most of these events were considered mild or
moderate in intensity (see PRECAUTIONS section).

Laboratory Abnormalities
Hematologic: Pioglitazone may cause decreases in hemoglobin and hematocrit. The fall in
hemoglobin and hematocrit with pioglitazone appears to be dose related. Across all clinical
studies, mean hemoglobin values declined by 2% to 4% in patients treated with pioglita-
zone. These changes generally occurred within the first 4 to 12 weeks of therapy and
remained relatively stable thereafter. These changes may be related to increased plasma
volume associated with pioglitazone therapy and have rarely been associated with any sig-
nificant hematologic clinical effects (see PRECAUTIONS section). 

In controlled clinical trials of metformin at 29 weeks’ duration, a decrease to subnormal
levels of previously normal serum vitamin B12 levels, without clinical manifestations, was
observed in approximately 7% of patients. Such decrease, possibly due to interference
with B12 absorption from the B12 -intrinsic factor complex, is, however, very rarely associ-
ated with anemia and appears to be rapidly reversible with discontinuation of metformin or
vitamin B12 supplementation (see PRECAUTIONS section).

Serum Transaminase Levels: During all clinical studies in the U.S., 14 of 4780 (0.30%)
patients treated with pioglitazone had ALT values ≥ 3 times the upper limit of normal dur-
ing treatment. All patients with follow-up values had reversible elevations in ALT. In the
population of patients treated with pioglitazone, mean values for bilirubin, AST, ALT, alka-
line phosphatase, and GGT were decreased at the final visit compared with baseline. Fewer
than 0.9% of patients treated with pioglitazone were withdrawn from clinical trials in the
U.S. due to abnormal liver function tests.

In pre-approval clinical trials, there were no cases of idiosyncratic drug reactions leading
to hepatic failure (see PRECAUTIONS section).

CPK Levels: During required laboratory testing in clinical trials with pioglitazone, sporadic,
transient elevations in creatine phosphokinase levels (CPK) were observed. An isolated ele-
vation to greater than 10 times the upper limit of normal was noted in 9 patients (values of
2150 to 11400 IU/L). Six of these patients continued to receive pioglitazone, two patients
had completed receiving study medication at the time of the elevated value and one patient
discontinued study medication due to the elevation. These elevations resolved without any
apparent clinical sequelae. The relationship of these events to pioglitazone therapy is
unknown. 

OVERDOSAGE
Pioglitazone HCl
During controlled clinical trials, one case of overdose with pioglitazone was reported. A male
patient took 120 mg per day for four days, then 180 mg per day for seven days. The patient
denied any clinical symptoms during this period. 

In the event of overdosage, appropriate supportive treatment should be initiated according
to patient’s clinical signs and symptoms.

Metformin HCl
Overdose of metformin HCl has occurred, including ingestion of amounts greater than
50 grams. Hypoglycemia was reported in approximately 10% of cases, but no causal
association with metformin HCl has been established. Lactic acidosis has been reported
in approximately 32% of metformin overdose cases (see WARNINGS). Metformin is dia-
lyzable with a clearance of up to 170 mL/min under good hemodynamic conditions.
Therefore, hemodialysis may be useful for removal of accumulated metformin from
patients in whom metformin overdosage is suspected.

INDICATIONS: ACTOplus met is indicated as an adjunct to diet and exercise to improve
glycemic control in patients with type 2 diabetes who are already treated with a combina-
tion of pioglitazone and metformin or whose diabetes is not adequately controlled with
metformin alone, or for those patients who have initially responded to pioglitazone alone
and require additional glycemic control.
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Table 2. Adverse Events That Occurred in ≥ 5% of Patients in Any Treatment 
Group During the 24-Week Study

Pioglitazone 30 mg Pioglitazone 45 mg
+ metformin + metformin

N=411 N=416
n (%) n (%)

Upper Respiratory Tract Infection 51 (12.4) 56 (13.5)

Diarrhea 24 (5.8) 20 (4.8)

Nausea 24 (5.8) 15 (3.6)

Headache 19 (4.6) 22 (5.3)

Urinary Tract Infection 24 (5.8) 22 (5.3)

Sinusitis 18 (4.4) 21 (5.0)

Dizziness 22 (5.4) 20 (4.8)

Edema Lower Limb 12 (2.9) 47 (11.3)

Weight Increased 12 (2.9) 28 (6.7)

Adverse Event
Preferred Term
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with follow-up in 2003 (Ann. Fam. Med.
2005;3:307-11). 

Dr. Crosson and his team found that
before the implementation of the EMR,
the practice had used reminder stickers
on their paper charts for screening, pre-
vention, and disease management. How-
ever, when the practice switched to an
electronic system, the EMR’s built-in re-
minders were disabled because they were
too cumbersome, leaving the practice
without any formal reminder system. 

The lack of communication was a real
obstacle in this practice, Dr. Crosson said

in an interview. He recommended that
physicians planning to implement an
EMR sit down early on with a broad
group of people within the practice to
figure out how to maintain the existing
quality of care system once the elec-
tronic system is in place. This could mean
having duplicate systems in place during
the transition period, he said. 

One barrier to realizing the full poten-
tial of EMR systems is that physicians are
trained to take care of one person at a
time, Dr. Crosson said, and many of the
innovative EMR functions help in caring
for groups of patients. There needs to be
a shift in the mind set of physicians in or-

der to truly take advantage of the ad-
vances in technology, he said. 

When shopping for an EMR that can
aid in the collection and reporting of
quality improvement measures, look for
a system that can export the data in an
electronic format, said Dr. David C.
Kibbe, director of the American Acade-
my of Family Physicians’ Center for
Health Information Technology. 

Most EMRs today allow physicians to
export clinical data electronically to a
health plan or other third party. Some of
the more expensive systems allow physi-
cians to analyze their own data and pro-
duce reports on their performance. ■
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Spurs Consult

Coding Scrutiny
B Y  M A RY  E L L E N  S C H N E I D E R

Senior Writer

P H I L A D E L P H I A —  Be careful how you
code for consultations because Medicare
contractors will be watching this area care-
fully, coding experts said at the annual meet-
ing of the American College of Physicians. 

In March, the Department of Health
and Human Services Office of Inspector
General (OIG) issued a report highlighting
more than $1 billion in estimated over-
payments made to physicians in 2001 for
consultations under Medicare. In many
cases, services were incorrectly billed as
consultations, coded for the incorrect type
or level of consultation, or were not sup-
ported by documentation, according to
the OIG report. 

OIG officials selected a random sample of
400 consultations allowed by Medicare dur-
ing 2001, obtained photocopies of portions
of patients’ medical records, and hired cer-
tified professional coders to audit the claims.
The results of that audit were extrapolated
to produce the $1.1 billion overpayment es-
timate. Officials found the most problems
with consultations billed at the highest
billing level and with follow-up inpatient
consultations, according to the OIG report. 

Pay attention to the definition of and
the elements involved in high-level con-
sultation codes, advised Dr. Glenn D. Lit-
tenberg, chair of the ACP subcommittee
on coding and reimbursement. He urged
physicians to keep in mind that a level 5
consultation code involves an extended
history of the present illness, a complete
system review, a complete family social
history, a comprehensive physical exam,
and high-complexity decision making. 

Complete documentation is essential
and should include the request from the
referral source, what services were pro-
vided by the physician, and the report
back to the referral source, Dr. Littenberg
said. “It’s highly likely that based on [the
OIG] report, carriers will be paying a lit-
tle more attention to consultation coding
at the high level,” he said. 

Officials at the Centers for Medicare and
Medicaid Services have already made
some changes in consultation coding this
year. Beginning this year, CMS has elimi-
nated the CPT codes for follow-up inpa-
tient consultations (99261-99263) and con-
firmatory consultations or second
opinions (99271-99275). 

In the office setting, physicians can use
the office or other outpatient consultation
codes (99241-99245) for initial consults
and the office or other established patient
codes (99212-99215) for follow-up visits. 

Consultations that are requested by the
family or patient instead of a physician
cannot be billed using consultation codes,
according to CMS, and instead physicians
should rely on existing E/M codes for the
setting where the service is provided. ■

The OIG report is available online at

www.oig.hhs.gov/oei/reports/

oei-09-02-00030.pdf. 
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