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T he increasing cost of medical care in the United States is an 
ongoing concern, consuming more than 16.2% of the nation’s 
2006 gross national product.1 Government, payers, business 

leaders, consumers, and healthcare providers are seeking to control 
healthcare costs without sacrificing quality of care. One such effort is 
improving the management of chronic conditions. Caring for chron-
ic conditions in the United States consumes 78% of all healthcare 
dollars,2 meaning that such an effort has the potential for significant 
effect.

Payers and providers have implemented several approaches to im-
prove the management of chronic conditions. Disease management 
programs emphasize one-on-one contact with health coaches and 
nurses.3 Physician practice models that incorporate aspects of a medi-
cal home4 focus on increased involvement of healthcare providers in 
a team approach. Using insurance benefit design to lower barriers to 
therapies that effectively manage chronic conditions is the focus of this 
analysis. Value-based plan design promotes the use of care when the 
benefits exceed the costs and discourages the use of care when the costs 
exceed the benefits.5

Value-based plan design that focuses on reducing out-of-pocket costs 
for prescription drugs taken by patients with chronic diseases is premised 
on a relationship between improved medication adherence and better 
condition management and between better condition management and 
lower costs. Most research has focused on the relationship between pre-
scription drug out-of-pocket costs and adherence or on the relationship 
between adherence and medical cost or utilization, although some stud-
ies6,7 considered all 3 factors. Studies of cost and adherence have demon-
strated the following mixed results: increasing pharmacy cost sharing had 
no effect on adherence,8,9 increasing pharmacy cost sharing decreased 
adherence,10,11 and decreasing pharmacy cost sharing increased adher-
ence.12,13 This apparent contradiction may be explained by the condi-
tions studied, the adherence measures used, or the sample size.

Studies of the relationship between adherence and health out-
comes or costs and utilization have had more conclusive findings. For 
example, lower adherence has been associated with worse outcomes, 

including mortality, in popula-
tions with diabetes mellitus or 
acute myocardial infarction.14-17 
A relationship between in-
creased adherence and fewer 
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drugs to generic drugs in the intervention group 
was not statistically different from that in the 
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6.2% increase compared with an 8.5% decrease 
in the control group. The estimate of medical 
cost savings attributable to this benefit change 
was significant for only the metformin class of 
diabetes drugs. Improved adherence independent 
of this benefit change was estimated to reduce 
all-cause medical costs for patients taking sulfo-
nylureas, metformin, and thiazolidinediones.

Conclusions: Altering copayments for pharmaceu-
ticals may affect the rate of conversion to generic 
drugs but is unlikely in and of itself to result in 
complete conversion. However, increasing adher-
ence can result in net savings for specific diabetic 
drug classes, as savings from all-cause medical 
costs offset the increase in pharmacy costs.
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emergency department visits and hospitalizations has been 
observed.6,7,18-20 While some studies7,18,19 have shown overall 
medical cost savings as a result of adherence, other studies6,20 
have not in part because the increase in pharmacy costs ex-
ceeded the medical cost savings.

This study relies on a natural experiment created when 
Blue Cross Blue Shield of Minnesota introduced a free ge-
neric drug benefit in July 2006 to groups with fewer than 51 
employees. The new benefit eliminated the $5 copayment for 
generic drugs and increased by $5 the copayment for brand-
name and nonformulary drugs to $35 and $50, respectively. 
We hypothesized that adherence would increase as member 
costs for generic drugs decreased and that adherence would 
decrease as member costs for brand-name drugs increased. 
We also hypothesized that improved adherence would lead 
to better condition management and to lower medical costs. 
This study extends existing research by quantifying the net 
effect on medical and pharmacy costs of a net change in ad-
herence due to a simultaneous increase and decrease in phar-
macy copayments.

METHODS
Study Design

The study used a quasi-experimental pre–post design. 
The preperiod consisted of 24 months from January 1, 2005, 
through December 31, 2006. Because the benefit change had 
a staggered rollout beginning June 1, 2006, the intervention 
date was defined as January 1, 2007, halfway through the 
implementation year. The postperiod consisted of 24 months 
from January 1, 2007, to December 31, 2008.

Sample
The intervention group included 44,155 members con-

tinuously enrolled in products offered to groups with 2 to 50 
employees in the study period. Members enrolled in high-
deductible plans paired with federally qualified health savings 
accounts were not eligible for the free generic drug benefit 
and were excluded. The control group included 79,853 mem-

bers continuously enrolled in prod-
ucts purchased by 175 groups with 
51 or more employees. The con-
trol group experienced no change 
in pharmacy copayments during 
the study period. The control and 
intervention groups had access to 
the same provider network; conse-
quently, discounts and fee sched-
ules are comparable between the 2 
groups.

To evaluate the effect of the copayment changes on adher-
ence and medical costs, the analysis was narrowed to patients 
who had 2 chronic conditions (ischemic heart disease or diabe-
tes mellitus) easily identified in claims data and for whom the 
prescribed drugs were taken specifically to treat that condition. 
Patients were identified in claims data using episode treatment 
groups (ETGs), which use proprietary algorithms to group 
medical and pharmacy claims into clinically homogeneous 
units based on complete episodes of care (Episode Treatment 
Groups [computer program]. Version 5.0. Symmetry Health 
Data Systems Inc, Phoenix, AZ). The ischemic heart disease 
subpopulation (1286 control and 555 intervention) included 
members with a cardiac episode (ETGs 251-259 and 265) 
and pharmacy claims indicating that a statin prescription was 
filled. The diabetes subpopulation (4089 control and 1846 in-
tervention) included members with diabetes-related treatment 
(ETGs 27-30 and 222-224) and pharmacy claims indicating 
that a prescription was filled for sulfonylureas, metformin, thi-
azolidinediones, or insulin. These prescription drugs and their 
generic equivalents were identified using a proprietary drug 
database (Master Drug Data Base, Version 2.5. Medi-Span, In-
dianapolis, IN) that uses national drug codes and proprietary 
generic product identifiers to indicate drug groups and classes 
and generic equivalents.

At the time of analysis, no generic equivalents were avail-
able for insulin or for thiazolidinediones. These 2 drugs were 
included to assess the effect of the copayment increase on 
brand-name drugs. We assumed that once medication thera-
py commenced, it was continued to manage the condition.6,16 
Using a combination of ETGs and pharmacy claims for case 
finding minimized the chance of including rule-out diagnoses 
in the analysis or of including patients taking the specified 
medications for conditions other than those in the analysis.

Data
We estimated net changes in medication adherence in the 

preperiod and in the postperiod. This modeling estimated 
the percentage of patients whose adherence changed after 
the change in copayments. We then used generalized linear 

Take-Away Points
A pharmacy benefit design change increasing copayments on brand-name drugs and simulta-
neously introducing a zero copayment on generic drugs had little influence on patients’ switch-
ing to generic drugs or on improving adherence to medication regimens.

n Altering copayments for generic drugs and brand-name drugs may affect the rate of conver-
sion to generic drugs but is unlikely in and of itself to result in complete conversion to generic 
drugs.

n Small increases and decreases in pharmacy copayments have little effect on adherence or 
medical costs.

n Improving adherence lowered all-cause medical costs for 3 diabetes drug classes but raised 
pharmacy costs for all 5 drug classes studied.
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these measures represented the costs paid by the plan and the 
member in the preperiod and in the postperiod. The medical 
costs were adjusted to 2008 US dollars using the medical cost 
portion of the Consumer Price Index, and the pharmacy costs 
were adjusted to 2008 US dollars using the prescription drug 
cost portion of the Consumer Price Index.21

The cost model estimated how the net change in adher-
ence affected all-cause medical costs, condition-specific 
medical costs, and condition-specific pharmacy costs in the 
postperiod. The 2 variables of interest were the net change in 
adherence and the interaction of that change and member-
ship in the intervention group. Additional explanatory vari-
ables included sex, age (in years), the mean annual household 
income within a census block group (<$25,000, $25,000 to 
<$50,000, and >$50,000), duration of the condition, resi-
dence in a metropolitan area, and the probability of having 
earned a college degree and of being of white or Hispanic 
race/ethnicity. A log transformation of the condition-specific 
medical costs in the preperiod was included to be consistent 
with the log transformation of the dependent cost variables. 
The values for income, race/ethnicity, and education were im-
puted using census data and an age-stratified geocoding and 
surname analysis.22,23

We included several health-related variables specific to 
the conditions studied that indicated the presence of the fol-
lowing cardiac conditions: acute myocardial infarction, per-
cutaneous transluminal coronary angioplasty, coronary artery 
bypass graft, chronic ischemic heart disease, other ischemic 
heart disease, atherosclerosis, and angina. We also included 
variables indicating the presence of comorbidities, specifically 
ischemic heart disease (defined as in the ischemic heart dis-
ease subpopulation), hypertension (using ICD-9-CM codes 
401-403 and 405), and diabetes (defined as in the diabetes 
subpopulation). These variables were constructed using claims 
data from the preperiod.

RESulTS
Characteristics of the study subpopulations are given in 

Table 1. Compared with the control group, the intervention 
group was younger, was less likely to contain female or His-
panic members, was more likely to contain white members, 
had lower health risks and fewer comorbidities, filled more 
prescriptions, and was more likely to have low income.

Table 2 summarizes the switching patterns from brand-
name to generic drugs. Generic use was much higher in the 
diabetes subpopulation than in the ischemic heart disease 
subpopulation. Although a higher percentage of the diabetes 
subpopulation switched to generics, most of that switching 
occurred before the benefit change. However, because gener-

models with a gamma distribution and a log link to estimate 
the effect of the net change in adherence on the following 3 
measures of cost: all-cause medical, condition-specific medi-
cal, and condition-specific pharmacy.6

First Stage of Measuring Adherence. We used the medi-
cation possession ratio (MPR) to measure adherence.13 The 
MPR was computed by dividing the number of drug days sup-
plied by the number of days the patient had the health condi-
tion of interest. To accommodate the pre–post design, if the 
preperiod drug days supplied was greater than the days with 
the condition, excess days were added to the drug days in the 
postperiod. In both periods, the MPR was capped at 100%. 
We then categorized those with an MPR of at least 80% as 
being adherent and those with an MPR of less than 80% as be-
ing nonadherent. The variable of interest identified patients 
nonadherent in the preperiod but adherent in the postperiod 
and patients adherent in the preperiod but nonadherent in 
the postperiod. The mean of this variable indicated the net 
change in adherence from the preperiod to the postperiod.

The net changes in adherence from the preperiod to the 
postperiod were compared among patients who only took ge-
nerics, patients who switched to generics, and patients who 
only took brand-name drugs. The copayment differentials 
varied among these groups. Patients who only took generics 
and patients who switched to generics in the preperiod had a 
$5 savings for each prescription filled in the postperiod. Pa-
tients who switched to generics in the postperiod had savings 
of $35 for formulary drugs and $50 for nonformulary drugs. 
Patients who took only brand-name drugs had an increase 
of $5 for each copayment in the postperiod. Few patients 
switched from generic to brand or from brand to generic and 
back to brand; these patients were excluded from the analysis. 
t Tests determined if the differences between the means were 
statistically significant. A regression model was not used be-
cause the value of the available control variables (eg, sex) did 
not change between the preperiod and the postperiod at the 
patient level.

Second Stage of Measuring Costs. We estimated 3 mea-
sures of cost. All-cause medical costs included all medical 
claims regardless of the underlying condition. Condition-
specific claims for ischemic heart disease were identified using 
International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) codes 410 through 414 or proce-
dure codes for coronary artery bypass graft or percutaneous 
transluminal coronary angioplasty. Condition-specific medi-
cal costs for diabetes were identified using ICD-9-CM code 
250. Condition-specific pharmacy costs were identified by 
drug type, including statins for the ischemic heart disease 
subpopulation and sulfonylureas, metformin, thiazolidin-
ediones and insulin for the diabetes subpopulation. Each of 
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ic use was higher in the diabetes subpopulation, the absolute 
number of members switching was much fewer than in the 
ischemic heart disease subpopulation. In both subpopula-
tions, there was little difference between the control group 
and the intervention group. The only statistically significant 
difference between the control group and the intervention 
group was the percentage of patients who continued to take 
brand-name metformin, with 3.0% of the control group 
continuing compared with 0.4% of the intervention group 
continuing.

Results of the adherence analysis are given in Table 3. For 
each drug type, the net change in adherence was tested between 
the control group and the intervention group for the total co-
hort and for patients who only took generic drugs, patients who 
switched to generic drugs, and patients who only took brand-
name drugs. Most subgroups had increases in adherence from 
the preperiod to the postperiod. The only statistically signifi-
cant difference between the control group and the intervention 
group occurred in the subgroup taking statins who switched 
from brand-name drugs to generic drugs. This 14.7% difference 

n Table 1. Demographic Characteristicsa

Statins Sulfonylureas Metformin Thiazolidinediones Insulin

 
Characteristic

Control  
(n = 1286)

Intervention 
(n = 555)

Control  
(n = 1186)

Intervention 
(n = 462)

Control  
(n = 1721)

Intervention 
(n = 816)

Control  
(n = 1015)

Intervention 
(n = 449)

Control  
(n = 899) 

Intervention  
(n = 398)

Female sex, % 26.0b 18.0 39.0b 30.0 44.0b 35.0 40.0b 31.0 47.0 43.0

Age, mean, y 62.6b 58.1 57.7b 55.3 55.9b 53.8 56.5b 54.7 50.2b 46.4

No. of prescriptions, 
mean

24.7b 31.3 26.2b 32.8 25.1b 31.2 22.6b 30.0 38.6b 50.1

Race/ethnicity, %

  Hispanic 2.3b 0.8 5.7b 1.7 5.5b 1.6 5.3b 1.7 4.8b 1.9

  White 94.0b 96.0 88.0b 94.0 89.0b 95.0 89.0b 94.0 91.0b 95.0

Metropolitan 70.0b 59.0 72.0b 60.0 72.0b 58.0 70.0b 58.0 69.0b 58.0

Annual household 
income, %

  <25,000 4.7c 2.2 5.8b 2.0 4.2d 2.7 4.5c 2.0 3.6d 1.8

  25,000 to <50,000 58.0b 49.0 58.0 58.0 57.0 57.0 58.0 60.0 56.0 59.0

  >50,000 37.0b 49.0 36.0 40.0 38.0 40.0 37.0 38.0 41.0 39.0

High health risk, % 77.0d 72.0 46.0b 38.0 41.0c 35.0 44.0d 38.0 56.0c 48.0

Acute myocardial 
infarction, %

17.0 19.0  —  —  —  —  —  — 26.0 16.0

Percutaneous trans-
luminal coronary 
angioplasty, %

16.0 17.0  —  —  —  —  —  — 72.0 59.0

Coronary artery 
bypass graft, %

26.0 26.0  —  —  —  —  —  —  —  — 

Chronic ischemic 
heart disease, %

38.0c 31.0  —  —  —  —  —  —  —  — 

Atherosclerosis, % 96.0 96.0  —  —  —  —  —  —  —  —

Angina, % 28.0b 21.0  —  —  —  —  —  —  —  —

Other ischemic heart 
disease, %

22.0 19.0  —  —  —  —  —  —  —  —

Ischemic heart  
disease, %

—  — 29.0b 21.0 24.0b 17.0 26.0b 17.0 26.0b 16.0

Hypertension, % 89.0b 81.0 89.0b 82.0 87.0b 82.0 89.0c 83.0 72.0b 59.0

Diabetes mellitus, % 40.0b 27.0  — — — — — — — — 

aFrom Blue Cross Blue Shield claims data, January 1, 2005, through December 31, 2008. 
bP <.001.
cP <.01. 
dP <.05.



VOL. 15, NO. 12 n THE AMERICAN JOURNAL OF MANAGED CARE n	 885

analysis of a Free generic Benefit

reflected a 6.2% net increase in adherence among patients in 
the intervention group compared with an 8.5% net decrease in 
adherence among patients in the control group.

The model estimates for the effect of the net change in 
adherence on costs are given in Table 4. Summarized are the 
coefficients from the 3 regression models for the 2 variables of 
interest (the net change in adherence and a term capturing 
the interaction of that change and membership in the inter-
vention group). The interaction term captures the effect of 
the net adherence change for the intervention group, isolat-
ing the effect of the benefit change. The change in adherence 
term captures the effect of the net adherence change unrelated 
to the intervention. The intervention was the benefit change 
that introduced a zero copayment on generic drugs and simul-
taneously increased copayments on brand-name drugs.

The change in adherence coefficients were negative and 
statistically significant for 3 diabetes drug classes (sulfonyl-
ureas, metformin, and thiazolidinediones), indicating that 
all-cause medical costs decreased as the net change in ad-
herence increased. A similar result was seen for condition-
specific medical costs in the thiazolidinediones subgroup. As 
expected, the change in adherence coefficients were positive 
in the condition-specific pharmacy cost model, indicating 
that pharmacy costs increased as the net change in adherence 
increased. Although the magnitude of the coefficients in the 

condition-specific pharmacy cost model was greater than that 
of the coefficients in the medical cost models, the 3 models 
suggested overall savings, as pharmacy costs made up only a 
small portion of total costs.

The interaction term, which isolated the effect of the inter-
vention, showed a decrease in all-cause medical costs and con-
dition-specific medical costs only for the metformin subgroup. 
The intervention had no statistical effect on condition-spe-
cific pharmacy costs. These coefficients represent elasticities, 
the percentage change in costs due to a 1% change in the net 
change in adherence. For example, a 10% increase in the net 
change in adherence for the metformin intervention subgroup 
would result in an estimated 5.3% decrease in all-cause medi-
cal costs, a 4.2% decrease in condition-specific medical costs, 
and no change in condition-specific pharmacy costs.

DiSCuSSiON
The intent of the free generic drug benefit was to encour-

age switching from brand-name drugs to generic drugs. Ad-
ditional expectations were that reduced out-of-pocket costs 
would result in improved adherence,6,11,24 in turn resulting in 
lower medical costs.7,18,25 This study found that lowering the 
cost of generic drugs and raising the price of brand-name drugs 
did not result in a complete transition to generic drugs for pa-

n Table 2. Generic Switchinga

No. (%)

Diabetes Mellitus

Preperiod Postperiod Ischemic Heart Disease Sulfonylureas Metformin

Intervention Group (n = 555) (n = 462) (n = 816)

Generic Generic 22 (4.0) 324 (70.1) 806 (98.8)

Brand Generic 131 (24.6) 69 (50.0) 7 (70.0)

 Switched before June 2006 12 (9.2) 62 (89.9) 6 (85.7)

 Switched between June 2006  
and May 2007

58 (44.3) 3 (4.3) 1 (14.3)

 Switched after May 2007 61 (46.6) 4 (5.8) 0 (0.0)

Brand Brand 402 (72.4) 69 (14.9) 3 (0.4)

Control Group (n = 1286) (n = 1186) (n = 1721)

Generic Generic 36 (2.8) 822 (69.3) 1638 (95.2)

Brand Generic 279 (22.3) 209 (57.4) 31 (37.3)

 Switched before June 2006 22 (7.9) 174 (83.3) 21 (67.7)

 Switched between June 2006  
and May 2007

153 (54.8) 25 (12.0) 5 (16.1)

 Switched after May 2007 104 (37.3) 10 (4.8) 5 (16.1)

Brand Brand 971 (75.5) 155 (13.1) 52 (3.0)

aFrom Blue Cross Blue Shield claims data, January 1, 2005, through December 31, 2008. There was no generic equivalent for insulin or thiazolidinediones 
at the time of the study.
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tients with ischemic heart disease or diabetes. The study also 
found that the $5 differential did not result in more switching 
to generic drugs compared with a control group that had no 
change in pharmacy copayment amount.

These results suggest that altering copayments for generics 
and brands may affect the rate of conversion to generics but 
is unlikely to result in complete conversion to generics. Addi-
tional initiatives to consider include the following: (1) outreach 
and education to members and physicians outlining alterna-
tives that are available to lower costs without decreasing adher-
ence, (2) a mandatory generics program, or (3) formularies that 
incorporate step therapy and evidence-based approaches.

While the study showed that the net change in adherence 
was positive for the intervention group and the control group, 
the change for the intervention group was statistically differ-
ent from that for the control group only for patients taking 
statins. This indicates that there was no difference in the net 
change in adherence for groups facing small increases, de-
creases, or no change in copayments. This result is similar to 
earlier findings of no change in adherence even after an in-
crease in copayment amounts.8,9

With respect to medical and pharmacy costs, the effect of 
the intervention was limited to the subgroup taking metform-

in. The finding that increasing the net change in adherence 
would result in all-cause medical cost savings for 3 of 5 drug 
classes studied is similar to results of other studies.18,25 Factors 
other than a change in copayments that could increase the 
net change in adherence include disease management pro-
grams, provider incentives that reward quality performance 
for chronic care, and an increase in member income. Unfor-
tunately, data limitations prevented our controlling for these 
factors in this study. Furthermore, the results suggest that med-
ical cost savings may offset increased pharmacy costs due to 
that increased adherence. For the other 2 drug classes studied, 
the finding that adherence did not significantly affect costs 
may be attributable in part to a postperiod that was too short 
to capture medical cost savings. In general, these estimates 
indicate that greater adherence increased condition-specific 
pharmacy costs. However, for the intervention herein, these 
estimates indicated no change in condition-specific pharmacy 
costs, which could be due to the design of increasing some 
costs and decreasing other costs simultaneously.

There are several limitations to this study. We focused on 
drug adherence for only 2 chronic conditions, for which the 
treatment drugs constitute a small subset of those covered 
by the free generic drug benefit. Therefore, the findings can-

n Table 3. Change in Adherence From the Preperiod to the Postperioda

  No. Change in Adherence, %

Preperiod Postperiod Control Intervention Control Intervention Difference P > t

Statins

Generic Generic 36 22 −2.0 16.2 18.2 0.26

Brand Generic 279 131 −8.5 6.2 14.7 <.001

Brand Brand 971 402 5.0 6.2 1.2 0.65

Total 1286 555 2.0 6.9 4.9 0.03

Sulfonylureas

Generic Generic 822 324 7.1 6.8 −0.3 0.93

Brand Generic 209 69 4.0 10.3 6.3 0.28

Brand Brand 155 69 7.6 6.0 −1.6 0.82

Total 1186 462 4.4 5.0 0.6 0.82

Metformin

Generic Generic 1638 806 9.8 12.2 2.4 0.25

Brand Generic 31 7 −32.7 −31.3 1.4 0.92

Brand Brand 52 3 14.8 12.8 −1.9 0.80

Total 1721 816 3.1 5.4 2.3 0.26

Thiazolidinediones

Brand Brand 1015 449 11.7 9.9 −1.9 0.56

Insulin

Brand Brand 899 398 7.3 6.7 −0.6 0.85

aFrom Blue Cross Blue Shield claims data, January 1, 2005, through December 31, 2008.
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not be generalized to all conditions and drugs covered by the 
free generic drug policy. Although claims data are readily 
available, their use to study healthcare outcomes, treatment 
patterns, utilization, and costs is subject to the limitations 
associated with all observational administrative claims data-
base analyses. In addition, data on race/ethnicity, education, 
and income are not routinely collected and were imputed. 
This imputation process does not capture changes in income 
and education that occurred during the study time period. 
The absence of additional unobservable characteristics from 
the claims data such as physician prescribing behavior and 
other changes in family situations could have affected the 
estimates.

CONCluSiONS
This study examined how changing members’ out-of-pock-

et pharmacy costs affected adherence and medical costs. Al-
though a decrease in the generic drug copayment to zero and a 
simultaneous increase in the brand-name copayment resulted 
in some switching from brand-name drugs to generic drugs, it 
was insufficient for complete transition. There was little dif-
ference in switching behavior or in the net change in adher-
ence between the intervention group and the control group. 
Results of regression modeling suggested that improving ad-
herence lowered all-cause medical costs for 3 diabetes drug 
classes. However, the intervention studied herein resulted in 
medical cost savings only for the metformin drug class.
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