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Objectives: To evaluate the effects on physicians’ prescribing behavior and on the therapeutic 

outcome of non-insulin-dependent diabetes patients of substituting different generic brands of 

metformin.

Methods: We adopt a retrospective cohort study involving 280 type-2 diabetes patients who 

regularly used the outpatient services of one medical center and who had changed metformin 

brands five times between 2003 and 2008. The aim was to examine the effects of switching 

brands. The generalized estimating equation was used to determine whether drug brand switch-

ing affected patient glycated hemoglobin A
1c

 (HbA
1c

) levels, their prescribed daily dose, or their 

adherence to medication with metformin.

Results: HbA
1c

 levels increased from 7.91 to 8.34 throughout the study period, although it was 

found that brand switching did not adversely affect HbA
1c

 levels after controlling for patient 

characteristics and the time course of the study. Furthermore, the prescribed daily dose of met-

formin was stable throughout the study period, and was approximately 0.8 of the defined daily 

dose. Finally, although adherence was significantly higher with the original metformin than with 

the four generic brands, patients still maintained high levels of adherence of .0.8.

Conclusion: Although switching between different brands of metformin slightly affected the 

prescribing behavior of the physicians, there was no unfavorable effect on patient HbA
1c

 levels. 

Thus, the policy of substituting between different generic brands of metformin is a good cost-

effective approach that does not adversely affect the quality of diabetes patient care.

Keywords: metformin, generic substitution, glycemic control, prescribing behavior, 

adherence

Introduction
In Taiwan, pharmaceutical expenditure regularly accounts for around 25% of total 

health spending each year.1 The rapid growth of pharmaceutical expenditure has put 

pressure on both payers and providers and created a need to implement cost-effective 

approaches that are able to limit this type of expenditure. One common and efficient 

method of controlling the cost of pharmaceuticals is the use of generic substitution. 

Liu et al2 indicated that the financial incentive offered by drug price deviation is the 

major driving force when physicians switch from a branded drug to its generic ver-

sion. However, previous studies have not investigated the potential effects of switching 

between a branded drug and a generic drug after price adjustments. In addition, most 

previous studies have been concerned with reducing costs; thus, in the present study, we 

have focused on a practice outcome, namely the level of glycated hemoglobin (HbA
1c

), 

and on physician behavior, including the prescribed daily dose (PDD) of metformin and 
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all other classes of oral anti-diabetes drugs. In addition, we 

have explored patient adherence before and after substitution. 

All studies were carried out at the same hospital.

In the last two decades, there has been an increase in 

research into generic substitution. Some studies have found 

that generic substitution is cost effective;3,4 while several 

others have suggested that generic substitution results in a 

higher level of health care utilization for certain diseases.5,6 

Despite the fact that generic drugs have to be bioequivalent 

to the brand-name drug, there are some doubts, and it has 

been suggested that over-prescription of generic drugs occurs. 

The major concerns in this area are that the rate and extent of 

absorption might differ between the generic and the brand-

name drug and that this may in turn affect the therapeutic 

efficacy.7 Furthermore, the patient perspective of generic 

drugs may also have an influence on drug adherence to the 

therapy, and this might result in the doubling of doses, poor 

compliance, or a cessation of therapy.8,9 In addition, physi-

cians might feel that a generic drug is not of as high a quality 

and not as effective as the branded equivalent drug, and this 

may be a barrier affecting the use of generic substitutes.10

Recently, strict certification of generic drugs, as well 

as price competition policies, have been implemented in 

European countries, and this had led to a more positive 

attitude toward the use of generic drugs.11,12 In Taiwan, 

pharmacists dispense medication strictly according to 

the doctor’s prescription, and they are unable to replace 

the prescribed drug with its equivalent or with a generic 

substitute without permission. Thus, doctors control the 

brand of the medication that the patient receives. As a 

result, most research on generic substitution has focused 

on the attitude of physicians, patients, and pharmacists, 

as well as on examining the bioequivalence of generic 

drugs. Additionally, the clinical outcomes when generic 

drug substitution occurs have been widely investigated, 

and a growing body of research has shed some light on the 

efficacy of generic drugs.13 However, doubt remains as to 

whether the bioequivalence of generic drugs is identical 

to the therapeutic equivalence. Only a few studies have 

focused on the therapeutic effectiveness of generic drugs 

from different manufacturers.14

Globally, it is estimated that the number of people 

with diabetes will increase from 25 million in 2000 to 

366 million in 2030;15 such an increase will impose a heavy 

economic burden on health care systems. Due to the high 

cost associated with anti-diabetes medications, there is a 

need to examine generic substitution. Among the different 

classes of anti-diabetes drugs, metformin has been rapidly 

adopted due to its designation as a first-line therapy, and it 

became the leading class of prescribed anti-diabetic drug 

in 2004.16 Therefore, the present study focuses on the influ-

ence of generic substitution with respect to metformin, the 

most widely used oral anti-diabetes drug used on diabetes 

patients. In this study, we examine the effects of substituting 

metformin produced by different manufacturers on the pre-

scribing behavior of physicians and examine the therapeutic 

effectiveness of the different forms of metformin, both at a 

single medical center. Specifically, the present study used 

longitudinal follow-up data to examine the influence of 

brand switching on both the prescribing behavior of the 

physicians and on the treatment outcome with respect to 

the diabetes patients.

Methods
This study is a retrospective longitudinal study that was 

conducted at a single medical center in Taiwan. This par-

ticular medical center had changed metformin brands five 

times between July 2003 and July 2008. Initially, the branded 

drug Glucophage® (Merck Sante SAS, Lyon Cedex, France) 

was prescribed. This was then followed by four generic 

brands of metformin from four different manufacturers. 

The period of prescription of each brand of metformin was 

as follows: prescription of the branded drug I ended on 

July 12, 2004; generic drug II was prescribed from July 13, 

2004 to November 2, 2005; generic drug III was prescribed 

from November 3, 2005 to August 11, 2006; generic drug 

II was prescribed from August 12, 2006 to August 15, 2007; 

and generic drug IV was prescribed from August 16, 2007 

to August 8, 2008. Therefore, we divided the study period 

into five stages based on the brand-switching periods. We 

then identified type-2 diabetes patients who regularly used 

the outpatient services of the hospital and had continuously 

taken metformin throughout the study period; these patients 

were our initial study group. Of the patients identified, 

280 individuals fitted the selection criteria and formed the 

study cohort. We then retrospectively analyzed the prescrib-

ing behavior of the physicians and the patients’ treatment 

outcomes for each of the generic metformin drugs as well as 

for Glucophage®. Metformin was selected as the main study 

drug for observing the effect of brand switching because of 

the large study population available. In addition, to evaluate 

any changes in the prescribing behavior of the physicians, 

we also analyzed the use of all other oral anti-diabetes 

drugs listed by the hospital pharmacy, including acarbose, 

glimepiride, glibenclamid, gliclazide, repaglinide, nateglin-

ide, rosiglitazone, and pioglitazone. This study proposal was 
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approved by the hospital institutional review board before 

it was conducted.

To evaluate any changes in the patients’ treatment out-

comes for each metformin brand, we collected the patients’ 

HbA
1c

 concentrations from their medical records between 

July 2003 and July 2008. The HbA
1c

 test is a reliable method 

of monitoring diabetes control, and the American Diabetes 

Association recommends a target level of ,7.0% for 

nonpregnant adults.17 Therefore, the outcome measurement 

we used for evaluating whether or not drug brand switching 

affected glycemic control was HbA
1c

 concentration. If the 

HbA
1c

 levels were significantly higher among patients that 

were prescribed the generic brand than among those that were 

prescribed Glucophage®, then this could imply that the generic 

drugs did not have the same therapeutic effect as the brand-

name drug.

The generic drugs from the different manufacturers were 

bioequivalent to the original drug and, in theory, should be 

clinically equivalent. Therefore, we hypothesized that physi-

cians ought not to change the dosage of a generic drug when 

switching between suppliers. Prescription data were col-

lected to evaluate the prescribing behavior of the physicians 

throughout the five periods of brand switching. The PDD, or 

the average daily amount of a drug prescribed by a physician, 

was calculated for every patient, as these adequately reflected 

patient drug exposure. Furthermore, the PDD of each oral 

anti-diabetes drug was expressed as the defined daily dose 

(DDD), according to the Anatomical Therapeutic Chemical 

Classification/Defined Daily Doses (ATC/DDD) system.18 

The use of DDD is a convenient approach when comparing 

the dosage of different drug classes. If either the physician 

or the patient has doubts regarding the equivalence of a 

generic drug, then the drug adherence might be affected.19 

Therefore, in addition to the PDD, drug adherence was also 

measured to evaluate any effect the prescribing behavior of 

the physician might have. We used the medication possession 

ratio as an index of adherence; this was calculated for each 

brand by dividing the number of drug days supplied by the 

number of days.20

In addition we collected the demographic characteristics 

of the patients at baseline, including age, sex, and disease 

severity. Age was grouped into four categories, as ,50, 

50–59, 60–69, and $70 years of age. The Deyo-Charlson 

comorbidity index (CCI) was calculated for each patient 

using the baseline discharge claims data. This index is a sum-

mary weighted score based on the presence or absence of 17 

medical conditions and can be used to quantify a patient’s 

comorbidities.21

Since the data collected were longitudinal, ordinary least 

squares regression may have led to incorrect regression 

coefficients if we ignored the dependence of the data. In 

addition, the HbA
1c

 testing frequency for each patient was 

different and occurred more frequently when a patient’s 

condition was more unstable. Therefore, the generalized 

estimating equation (GEE) was applied to allow differen-

tiation of the cohort effects of the multiple measures. This 

approach provides consistent parameter estimates for the 

fixed effects. Using the GEE models, we determined whether 

brand switching affected the patients’ HbA
1c

 levels, PDD, 

and adherence after adjusting for age, sex, and CCI. Due to 

the fact that HbA
1c

 levels are known to increase with age,22 

and given that the frequency of HbA
1c

 measurements did 

vary and were not the same across all patients, a time vari-

able was incorporated into the GEE model. Specifically, the 

time variable was the number of days from the beginning 

of the study period to a given HbA
1c

 test date. SAS (SAS 

Institute Inc, Cary, NC, USA) software, version 9.1, was 

used for all statistical analyses. All P-values were calculated 

for two-tailed tests, with a statistical significant difference 

being defined as P#0.05.

Results
Baseline patient characteristics, HbA

1c
 levels, PDD, and 

adherence to metformin stratified by the different periods 

of brand switching are summarized in Table 1. Of the 

280 participants, 57% were female and 43% were male, and 

their mean age was 59.6 years. Half of the patients had a CCI 

of 1, while 40% had a CCI of 2, and 9% had a CCI of 3 or 

more. During the follow-up period, HbA
1c

 levels gradually 

increased, especially among the males and low-severity 

subjects. The PDD for metformin across the patients was 

stable throughout the study period and was approximately 

0.8 DDDs. Conversely, the adherence to metformin gradu-

ally decreased in the various subgroups that had different 

characteristics. The adherence for females decreased from 

0.96 to 0.83, and the adherence for males decreased from 

0.94 to 0.82. Overall, the adherence decrease was from 0.95 

to 0.83 throughout the study period.

The correlations between the different brand periods 

and HbA
1c

 levels, PDD, and adherence to metformin, after 

controlling for patient characteristics, are shown in Table 2. 

The significant predicators of HbA
1c

 levels were brand stage 

and CCI. HbA
1c

 levels were found to be significantly lower 

when the generic drug during stage II was used compared 

with the use of the branded drug (β=−0.16, P=0.033). 

During other periods, there were no significant differences 
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in HbA
1c

 levels when the branded drug was used in relation 

to the generic substitutes used later. In addition, HbA
1c

 levels 

among the oldest group of subjects were statistically lower 

than those among the youngest group (β=−0.56, P=0.013). 

When the PDD of metformin was examined, the significant 

predictors were age and CCI. Patients with an age of $70 

years had a lower PDD than those with an age of ,50 years 

(β=−0.13, P=0.023). Furthermore, patients with a CCI of 

2 had a higher PDD than those with a CCI of 1 (β=0.07, 

P=0.046). After controlling for sex, age, and CCI, brand 

switching did not significantly predict PDD. The significant 

predictors of adherence were stage and age. Overall, adher-

ence was significantly higher with the branded drug than with 

the other four generic substitutes (P,0.001). Furthermore, 

patients aged ,50 years had a lower adherence compared 

with those aged $50 years.

The PDDs of the other classes of oral anti-diabetes 

drugs over the five different periods of brand switching are 

summarized in Table 3. The number of patients prescribed 

acarbose, glimepiride, or pioglitazone increased throughout 

the study period. Among these drugs, glimepiride was the 

most frequently used, and its PDD increased significantly 

from 2.19 to 2.60 DDDs (P=0.026). However, there were 

no statistically significant changes in the PDD of the other 

anti-diabetes drugs over the time period of this study. The 

magnitudes of change in the PDDs of these drugs were 

quite small.

Discussion
In the present study, despite the fact that there was a trend of 

increasing HbA
1c

 levels throughout the study period, there 

was no significant deterioration in HbA
1c

 levels following 

brand switching, based on the GEE model. After controlling 

for the independent variables, namely sex, age, disease sever-

ity, and the time course from baseline to HbA
1c

 measurement, 

there was a significant improvement in the HbA
1c

 values 

compared with the original branded drug, but there were no 

significant differences in HbA
1c

 levels for the remaining three 

stages of the generic substitutions.

In the 1990s, there was uncertainty regarding the quality 

of generic drugs as a result of the implementation of policies 

that simplified approval requirements to increase generic 

competition. In addition, scandals involving bribery of quality 

control-approving authorities in the US and Europe compli-

cated matters even further,23 not to mention the fact that there 

were major concerns regarding poor drug compliance and 

drug discontinuation with respect to generic substitutions; 

all this was believed to result in poorer treatment outcomes. 
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More recently, however, studies have shown that uncertainty 

among physicians regarding the quality of generics has 

declined, and acceptance regarding prescription of generic 

drugs has increased.

In the case of metformin, studies have shown the 

bioequivalence of generic substitutes and, furthermore, 

it has also been shown that generic drugs demonstrate 

similar therapeutic effects compared with the brand-name 

medication.24–26 This observation was confirmed in the pres-

ent study, indicating that the study hospital was able to suc-

cessfully ensure drug quality when they adopted the use of 

generic drugs. The drug-purchasing committee of the study 

hospital needs to be certain that the completed bioequivalence 

tests are robust enough to support the procurement process, 

and in addition, they must continuously monitor newly 

adopted generic substitute drugs, even if those drugs have 

been listed on the National Health Insurance reimbursement 

list. Thus, it is suggested that strict certification of generic 

drugs is necessary to ensure drug quality; the establishment 

of such strict regulations will boost the confidence of both 

physicians prescribing the generic drugs and patients using 

the generic drugs.27

Table 2 Regression coefficients obtained using the generalized estimating equations for variables predicting HbA1c levels, PDD, and 
adherence

Variable HbA1c level PDD of metformin Adherence to metformin

β 95% CI P β 95% CI P β 95% CI P

Stage
 I  (reference)
 II  -0.16 (-0.31, -0.01) 0.033 0.00 (-0.01, 0.02) 0.602 -0.03 (-0.04, -0.01) ,0.001
 III  -0.04 (-0.28, 0.19) 0.725 0.00 (-0.02, 0.03) 0.780 -0.05 (-0.07, -0.03) ,0.001
 I V 0.12 (-0.19, 0.42) 0.459 0.00 (-0.03, 0.03) 1.000 -0.08 (-0.11, -0.06) ,0.001
  V 0.09 (-0.31, 0.48) 0.672 -0.02 (-0.06, 0.02) 0.332 -0.12 (-0.15, -0.10) ,0.001
Sex
  Female (reference)
  Male 0.05 (-0.24, 0.34) 0.719 0.00 (-0.08, 0.07) 0.900 -0.01 (-0.03, 0.02) 0.614
Age (years)
  ,50 (reference)
  50–59 -0.18 (-0.61, 0.25) 0.412 -0.07 (-0.17, 0.04) 0.198 0.07 (0.03, 0.11) 0.001
  60–69 -0.36 (-0.78, 0.06) 0.092 -0.05 (-0.15, 0.05) 0.362 0.04 (0.00, 0.09) 0.036

  $70 -0.56 (-1.00, -0.12) 0.013 -0.13 (-0.24, -0.02) 0.023 0.05 (0.01, 0.10) 0.015
CCI
  1 (reference)
  2 -0.23 (-0.53, 0.07) 0.139 0.07 (0.00, 0.15) 0.046 0.02 (0.00, 0.05) 0.062

  $3 -0.30 (-0.73, 0.12) 0.164 0.05 (-0.08, 0.18) 0.472 0.01 (-0.04, 0.06) 0.643
Timea 0.00 (0.00, -0.00) 0.171

Note: aThe number of days from the beginning of the study period to the given HbA1c test date.
Abbreviations: CCI, Charlson’s comorbidity index; CI, confidence interval; HbA1c, glycated hemoglobin A1c; PDD, prescribed daily dose.

Table 3 The prescribed daily dose of the other classes of oral anti-diabetes drugs over the different periods of brand switching

Stage Acarbose Glimepiride Glibenclamide Gliclazide

N Mean SD P N Mean SD P N Mean SD P N Mean SD P

I 37 0.56 0.20 0.129 109 2.19 1.08 0.026 71 1.35 0.59 0.966 – – – 0.949
II 54 0.47 0.17 118 2.35 1.12 74 1.40 0.55 83 1.22 0.54
III 60 0.49 0.18 125 2.50 1.23 66 1.38 0.54 75 1.20 0.51
IV 67 0.48 0.15 134 2.60 1.20 58 1.39 0.53 76 1.21 0.53
V 76 0.49 0.16 135 2.60 1.17 46 1.33 0.55 81 1.25 0.52

Repaglinide Nateglinide Rosiglitazone Pioglitazone

N Mean SD P N Mean SD P N Mean SD P N Mean SD P

I 30 1.14 0.48 0.099 – – – 0.617 85 0.90 0.32 0.454 21 1.00 0.00 0.912
II 31 1.35 0.42 3 0.85 0.17 83 0.87 0.31 34 0.94 0.18
III 24 1.29 0.42 7 0.88 0.16 81 0.85 0.32 38 0.94 0.25
IV 17 1.44 0.40 4 0.92 0.17 85 0.85 0.32 48 0.93 0.33
V 13 1.46 0.45 5 0.77 0.22 61 0.81 0.29 59 0.96 0.35

Abbreviation: SD, standard deviation.
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The present study used retrospective data to examine 

the prescribing behavior of physicians. It was found that 

the PDD for metformin was similar throughout the study 

period. However, contrary to previous studies, which found 

an increase in adherence as a result of substituting generic 

drugs, our study demonstrated a decrease in adherence after 

switching to generic drugs. In Taiwan, pharmacists dispense 

medications according to doctors’ prescriptions, and they are 

not allowed to replace a prescribed drug with its equivalent 

or generic substitute. Thus, doctors control the brand of the 

medication a patient receives. Consequently, the financial 

incentives associated with value-based insurance plans, 

which attempt to reduce out-of-pocket costs and improve 

adherence to generic drugs, do not apply in Taiwan. Thus, 

other factors must be found that affect a physician’s prescrib-

ing behavior. Metformin is the preferred first-line treatment 

for type-2 diabetes mellitus, as it lowers blood glucose con-

centrations without causing overt hypoglycemia like other 

oral anti-diabetes drugs.28 In the present study, although 

adherence to metformin was found to slightly decrease, 

the PDD of metformin was stable, and there was still high 

adherence (.80%) to metformin throughout the study period. 

This suggests that physicians are confident when prescrib-

ing generic drugs. One potential reason for the decreasing 

trend in relation to adherence may be in part due to the use 

of new anti-diabetes drugs such as sulfonylureas and thiazo-

lidinedione derivatives. During the present study, there was 

an increase in the number of patients using glimepiride, an 

oral anti-diabetes drug that has proved to be both effective 

and well tolerated.29,30 Furthermore, throughout the develop-

ment and progression of diabetes, physicians might prescribe 

pioglitazone to reduce risk of cardiovascular disease.

Blood glucose levels are known to change with age. For 

example, HbA
1c

 levels have been shown to increase with 

age in most patients.31 However, in the present study, it was 

found that patients under 50 years of age had poorer glycemic 

control, a higher PDD, and a lower adherence compared with 

those $70 years of age. Many studies have been equivocal 

with respect to the relationship between age and glycemic 

control in diabetes patients,32 and in fact, a number of studies 

have demonstrated poorer glycemic control among younger 

patients. El-Kebbi et al33 found that young patients who were 

hyperglycemic at an early age are at greater risk for end-organ 

damage. In addition, some studies have suggested that older 

patients might be more compliant when taking their medi-

cation, and consequently have better glycemic control.34,35 

Therefore, in the present study, the lower PDD among older 

patients may in part be due to better glycemic control.

There are some limitations that affect the present study 

and need to be mentioned. First, the development and pro-

gression of diabetes and its associated comorbidities were 

not controlled for throughout the study period. As a result, 

this might have had an effect on the glycemic control of the 

patients and the prescribing pattern of the physicians. In 

addition, the drug prescription data were based only on the 

claim data from the study hospital, and as a result, may not 

include prescriptions obtained from alternative sources; this 

might result in an underestimation of adherence. However, 

given that most study subjects visited their doctor regularly 

at the study hospital, and seemed to be very loyal to the 

study hospital, this factor is likely to affect only a very small 

proportion of patients. Since metformin is not an expensive 

drug, the results of this study may not apply to more expen-

sive drugs where cost might be a factor. In this study, we 

included only 280 patients who continued to take metformin 

throughout the study period and excluded patients who did 

not continue to take metformin; this might have resulted in 

an overestimation of adherence.

The findings of the present study demonstrate that 

switching between different manufacturers of metformin 

had only a slight effect on the prescribing behavior of the 

physicians. However, brand switching did not have any effect 

on patient HbA
1c

 levels. Any changes in the prescribing 

behavior of the physician might be due to the introduction 

of newer anti-diabetes drugs or to uncertainty regarding the 

therapeutic efficacy of the generic substitute. Thus, studies 

exploring the factors affecting prescribing behavior of physi-

cians following brand switching are warranted. Furthermore, 

although adherence to generic metformin decreased slightly 

following brand switching, the PDD remained stable, and 

adherence remained above 80%, which is still considered to 

be high. Thus, although the substitution of generic drugs did 

affect the prescribing behavior of physicians, there was no 

evidence to suggest that brand switching worsened glycemic 

control. Based on these findings, a policy of introducing 

metformin generic substitution appears both to be cost 

effective and to have no effect on the quality of care at the 

study hospital.
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