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OBJECTIVE — The mid-1990s witnessed the introduction of new classes of medications to
treat hyperglycemia of type 2 diabetes. There is evidence that these newer classes have found a
place in the therapeutic armamentarium, but details of their use patterns are not known. We
sought to determine whether antihyperglycemic prescribing patterns changed concurrently with
new drug introductions, and whether such changes were related to changes in the underlying
patient population.

RESEARCH DESIGN AND METHODS — A sample of U.S. privately insured patients
with suspected type 2 diabetes was identified from the MarketScan Research Database over the
period of 1997–2000. Patients with type 2 diabetes were identified among those continuously
enrolled in the database for at least 1 year. Drug therapy episodes were defined by sequential
fulfillment of prescriptions implying a continuous supply of a particular drug (or combination)
of at least 30 days duration. Univariate analyses were used to explore trends over time in drug
prescriptions and patient characteristics. Multivariate logistic regressions were used to isolate the
impact of year from other variables on the likelihood of receiving prescriptions for a specific
therapy.

RESULTS — A total of 232,020 unique diabetic patients had an average of 1.91 diabetes drug
therapy episodes between 1997 and 2000. Monotherapy with sulfonylureas decreased, but
monotherapy with thiazolidinedione, metformin, and other oral antihyperglycemics increased
over time. Combinations of sulfonylureas and metformin; sulfonylureas and thiazolidinedione;
metformin and thiazolidinedione; and sulfonylureas, metformin, and thiazolidinedione each
increased over the time interval. Insulin monotherapy decreased, as did insulin combination
therapy with sulfonylureas. The combination of insulin and metformin increased, whereas
insulin and thiazolidinedione was stable. The influence of year on prescribing patterns remained
highly significant (P � 0.001) after adjusting for patient characteristics.

CONCLUSIONS — Antihyperglycemic prescription patterns in the U.S. have changed in
recent years in parallel with, and probably as a direct result of, the introduction of different
classes of medications to the marketplace. Overall, the prescribing trend has been away from
monotherapy with insulins and sulfonylureas and toward combination therapies, presumably in
attempts to reduce hypoglycemic symptoms and to achieve better glucose control.
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Until the 1990s, prescribers in the
U.S. had only two drug therapy
classes to choose from to control

hyperglycemia associated with type 2 di-
abetes: insulins and sulfonylureas. The in-
troduction of metformin (a biguanide,
1995), acarbose (an �-glucosidase inhib-
itor, 1995) and troglitazone (a thiazo-
lidinedione, 1997) in the U.S. gave
clinicians the opportunity to treat hyper-
glycemia in ways other than by increasing
circulating insulin concentration, includ-
ing ways that directly impacted the un-
derlying pathophysiology of the disease
(1). More recently, other oral agents (e.g.,
repaglinide), new insulin analogs (e.g.,
lispro insulin), and thiazolidinediones
(e.g., rosiglitazone) have further ex-
panded the therapeutic arsenal (2,3). Al-
though prescription data indicate that
these new oral drugs and insulins are be-
ing widely prescribed, it is not known
through systematic study how the drugs
are being used together (4,5). Of particu-
lar interest is whether clinicians are now
more likely to prescribe insulin in combi-
nation with other therapies, as opposed to
alone, and whether combinations of oral
therapies are supplanting use of oral ther-
apies as single agents (i.e., monotherapy).

In this study, we examined prescrip-
tion and linked health care claims data
from a large sample of U.S. privately in-
sured patients to determine recent trends
in drug use patterns among patients with
type 2 diabetes. We sought to determine
whether antihyperglycemic prescribing
patterns have changed in recent years and
whether any changes were related to
changes in the underlying patient
population.

RESEARCH DESIGN AND
METHODS

Patient selection
A sample of U.S. privately insured pa-
tients with suspected type 2 diabetes was
identified from the MarketScan Research
Database over the period of 1997–2000.
Approximately 40 employers (20,000–
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400,000 employees each) contribute to
this database, which includes enrollment
and medical and prescription health
claim and encounter information on cur-
rent employees, retirees with Medicare
supplemental insurance (so-called Medi-
gap), and spouses and dependants of the
primary insured.

The year 2000 MarketScan database
contains information on �3.5 million com-
mercially insured lives. Three million are
�65 years of age, and 500,000�65 years of
age (nearly 2 and 5%, respectively, of the
corresponding U.S. commercially insured
populations). Approximately 26 and 72%
of the two age cohorts (�65 and �65 years,
respectively) have traditional indemnity in-
surance (including Medicare supplemental
insurance), 46 and 27%, respectively, are
enrolled in preferred provider organizations
(PPO) or point-of-service (POS) plans, and
the remaining 28 and 1%, respectively are
enrolled in capitated health plans (e.g.,
health maintenance organizations [HMOs])
with insurance status unknown for �1% of
the year 2000 database. The composition of
MarketScan has remained relatively stable
from 1998 through 2000; however, the
1997 database included many fewer Medi-
care patients with complete data (inpatient,
outpatient, and prescription drug claims).

Patients with type 2 diabetes were
identified among those continuously en-

rolled in the database for at least 1 year
(�80% of the MarketScan population).
Patients with diabetes were first identified
by combining patients who were given a
diagnosis of diabetes (ICD 250.xx,
357.2x, 362.0x, 366.41, or 648.0) during
at least one inpatient admission or outpa-
tient visit with those who did not have
such a diagnosis but who were prescribed
drugs used to treat diabetes, including in-
sulin, sulfonylureas, metformin, thiazo-
lidinediones, �-glucosidase inhibitors,
and meglitinides. Patients who were more
likely to have type 1 diabetes were ex-
cluded by removing those who were
treated with insulin monotherapy, had no
record of receiving oral antihyperglyce-
mic drugs (OADs), and also met at least
one of the following additional exclusion
criteria: were either �28 years of age dur-
ing the year in question (1) or had a his-
tory of diabetic ketoacidosis (ICD 250.1x)
(2) or were diagnosed with insulin-
dependent diabetes (ICD 250.x1, 250.x3)
at some time and had neither a recorded
diagnosis of non–insulin-dependent dia-
betes (ICD 250.x0, 250.x2) nor obesity
(ICD 278.00, 278.01) (3).

Drug use patterns
A drug therapy episode was defined as the
sequential fulfillment of prescriptions im-
plying a continuous supply of a particular

drug (or combination) of at least 30 days
in duration. A drug therapy episode was
defined as continuing until a new drug
was introduced (1) or a gap between the
end of supply days for one fulfillment and
the beginning of the next fulfillment of the
same drug exceeded 90 days (2). An epi-
sode was defined as “monotherapy” when
only one diabetes drug was being succes-
sively filled. An episode was defined as
“combination therapy” if there were at
least two successive prescription fulfill-
ments for two or more diabetes drugs
concurrently. Drug monotherapies in-
cluded insulin (insulin, all formulations,
doses, and chemical entities available
combined), sulfonylurea (all formula-
tions, doses, and chemical entities avail-
able combined), metformin (all doses of
metformin HCl combined), and thiazo-
lidinediones (all doses and chemical entities
combined). The drug combination thera-
pies studied were: insulin and sulfonyl-
ureas; insulin and metformin; insulin and
thiazolidinediones; sulfonylureas and met-
formin; sulfonylureas and thiazolidinedio-
nes; metformin and thiazolidinediones; and
sulfonylureas, metformin, and thiazo-
lidinediones. Patients could have more than
one drug therapy episode per year.

For each drug therapy episode, statis-
tical analyses were applied to proportions
of unique patients treated. Cochran-

Table 1—Characteristics of patients with type 2 diabetes from the MarketScan database

Sample characteristic 1997 1998 1999 2000 P*

Full year continuously enrolled (n) 2,261,467 2,423,024 3,069,455 3,279,155
Type 2 diabetes (n) 81,324 124,203 161,352 177,718
Female (%) 48.7 48.4 48.9 48.9 0.04
Mean age (SD) (years) 59.1 (13.7) 63.0 (13.9) 60.9 (13.9) 61.2 (13.8) �0.0001
Aged �50 years (%) 20.4 15.7 18.9 18.3 0.20
Aged 50–64 years (%) 50.4 35.2 41.0 40.8 �0.0001
Aged �65 years (%) 29.3 49.1 40.1 40.9 �0.0001
Insurance type (%)

Indemnity 55.5 42.2 43.8 40.2 �0.0001
PPO/POS 18.7 29.7 38.4 42.8 �0.0001
Capitation/HMO 10.2 11.5 16.0 16.3 �0.0001
Unknown 15.6 16.6 1.9 0.7 �0.0001

�1 diabetes complication (%)** 23.9 28.1 28.4 29.1 �0.0001
Retinopathy† 8.5 10.2 11.4 11.4 �0.0001
Neuropathy‡ 7.0 8.4 8.0 8.2 �0.0001
Peripheral vascular disease§ 8.7 11.4 10.1 10.4 �0.0001
Nephropathy� 5.9 6.4 6.9 7.5 �0.0001

*Cochran-Armitage test; **diabetes complications include: diabetic retinopathy, neuropathy, nephropathy, and peripheral vascular disease; †retinopathy defined
by ICD-9-CM codes: 250.50–250.53, 361.00–361.07, 362.01–362.02, 362.14, 362.16, 362.81–362.83, 364.42, 365.44, 366.41, or (362.01–362.02 and 369.00–
369.73); ‡neuropathy defined by ICD-9-CM codes: 250.60–250.63, 337.10, 354.00–355.99, 357.20, 358.10, 536.30, or 713.50; §peripheral vascular disease
defined by ICD-9-CM codes: 40.00, 250.70–250.73, 443.81, 681.00– 682.90, 707.10–707.90, or 785.40; and �nephropathy defined by ICD-9-CM codes:
250.40–250.43, 581.10, 581.81, 582.10, 583.81–583.90, 584.50–584.60, 584.70, 584.80, 586.00, 587.00, or 790.60.

U.S. antihyperglycemic prescribing trends

1848 DIABETES CARE, VOLUME 26, NUMBER 6, JUNE 2003



Armitage tests were used to test the statis-
tical significance of trends in prescribing
from 1997 to 2000. Multivariate logistic
regressions were used to isolate the im-
pact of year (1997 vs. 2000) from other
variables on the likelihood of receiving
prescriptions for a specific drug therapy.
Because 12% of the patient sample had
measurements in both 1997 and 2000,
robust standard errors were calculated
(6–8) to account for the potential inter-
correlation between observations. In ad-
dition, parallel analyses were conducted
applying multifactorial demographic
weights to adjust for differences between
population samples. Explanatory vari-
ables included year (1997 vs. 2000), sex,
insurance type (indemnity, PPO/POS, or
HMO), age (�50, 50–64, 65� years),
and diagnosis of specific diabetes compli-
cations. Diabetes complications were
identified from insurance claims and in-
cluded ICD-9-CM codes for diabetic reti-
nopathy, neuropathy, nephropathy, and
peripheral vascular disease (Table 1, see
footnote).

RESULTS — A total of 81,324 and
177,718 patients with type 2 diabetes
were identified in the 1997 and 2000
samples, respectively (3.6 and 5.4% of all
continuously enrolled patients, respec-
tively). The ratios of men to women were
roughly constant over this time interval,
but most other characteristics of the pop-
ulation varied over time, with the greatest
variability occurring between the 1997
sample and three other annual samples
(Table 1). The reason for the differences
between the 1997 sample and the other
annual samples is likely explained by the
much lower number of Medicare patients
in the 1997 sample (see RESEARCH DESIGN

AND METHODS). The 232,020 unique dia-
betic patients identified had an average of
1.91 diabetes drug therapy episodes be-
tween 1997 and 2000. Of these, 71%
were monotherapy episodes and 29%
were combination therapy episodes.

Overall, use of any insulin therapy de-
creased from 1997 to 2000 (by �16%),
and use of any OAD increased (by �9%).
Whereas overall OAD monotherapy re-
mained stable over time (at �44% of all
drug therapy episodes), monotherapy
with sulfonylureas decreased, and mono-
therapy with thiazolidinediones and met-
formin increased. Combinations of
sulfonylureas and metformin; sulfonyl-
ureas and thiazolidinediones; metformin

and thiazolidinediones; and sulfonyl-
ureas, metformin, and thiazolidinedione
each increased over the time interval;
combinations that included thiazo-
lidinediones increased relatively more (all
P � 0.001) (Table 2).

Insulin monotherapy decreased 29%
(P � 0.001) from 1997 to 2000, whereas
combinations of insulin and any OAD in-
creased 2% (P � 0.06), and combinations
of insulin and metformin increased 40%
(P � 0.001). The increase in insulin com-
bination with metformin appeared to ac-
count for most of the increase in insulin
combinations with OADs in this time in-
terval, as insulin and thiazolidinedione
was relatively stable (P � 0.07) and insu-
lin and sulfonylureas decreased (P �
0.001) (Table 2). Although for most of the
analyses insulin was considered a single
drug class, we also determined the distri-
bution of insulin types in 1997 and 2000
to explore whether there were changes
within the insulin category. There were
small reductions in use of regular- and
intermediate-acting insulins, stable use of
regular-intermediate insulin mixtures,
and increases in use of basal (i.e., long-
acting) insulin and rapid-acting insulin
analog (i.e., lispro). Of these changes, the

most pronounced was the use of rapid-
acting insulin. In 1997, 6.9% of patients
receiving insulin were prescribed rapid-
acting insulin, compared with 17% in
2000.

In logistic regression analyses of each
drug category, holding the effects of pa-
tient characteristics (i.e., age, sex, insur-
ance type, and diabetes complications)
constant, the net effect of year was highly
significant (Table 3) (P � 0.0001 for all
drug therapies tested). That is, had pa-
tients from the 2000 sample shared all of
the same observable characteristics with
patients from 1997, the odds of a patient
being treated with a particular drug regi-
men would have changed. For example,
the odds of being treated with insulin
(alone or in combination) or sulfonylurea
(alone or in combination) in 2000 would
have been 27 and 18% lower, respec-
tively, than in 1997. Similarly, the odds of
being treated with insulin monotherapy
decreased by 40% over this interval,
whereas the odds of being treated with
insulin combination therapy increased by
11% (data not shown). In contrast to the
general declines in insulin and sulfonyl-
urea prescribing over time, the odds of
being treated with metformin (alone or in

Table 2—Trends in prescription drug use (1997–2000) among patients with type 2 diabetes
from the MarketScan database

Type 2 diabetic
patients with �1
drug therapy episode
(%) 1997 1998 1999 2000 P*

Any insulin therapy 21.6 20.0 19.2 18.1 �0.0001
Insulin
Monotherapy

18.3 15.5 14.5 13.0 �0.0001

Insulin Plus Any
OAD

5.8 5.8 5.9 5.9 0.06

INS � S 2.1 1.6 1.5 1.3 �0.0001
INS � M 1.5 1.4 1.9 2.1 �0.0001
INS � T 2.5 2.9 2.5 2.6 0.07

Any OAD therapy 49.2 52.5 52.0 53.5 �0.0001
OAD monotherapy 43.7 45.4 44.0 43.7 �0.0001
S 35.2 34.3 29.9 26.1 �0.0001
M 8.2 9.7 12.2 14.2 �0.0001
T 2.2 3.2 3.4 5.4 �0.0001
S � M 10.9 12.1 13.1 13.5 �0.0001
S � T 1.5 2.9 3.0 4.1 �0.0001
M � T 0.2 0.5 0.9 1.7 �0.0001
S � M � T 0.5 1.2 1.7 3.0 �0.0001

*P value from Cochran-Armitage test across years 1997–2000. INS, insulin; M, metformin; S, sulfonylurea;
T, thiazolidinedione. Note: “Any insulin therapy” and “Any OAD” do not sum to 100% because not all drug
therapy combinations were investigated and patients could be counted under both “Any insulin therapy” and
“Any OAD” (see RESEARCH DESIGN AND METHODS).
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combination) or thiazolidinedione (alone
or in combination) in 2000 were 84 and
143% higher, respectively, than in 1997.

To further account for differences in
the characteristics between years (partic-
ularly between 1997 and the other years),
we undertook three additional sets of
analyses. First, we weighted the data to
national demographics. Next, we per-
formed logistic regressions with interac-
tion terms of year and age categories as
additional explanatory variables. Finally,
we also compared the samples from years
1998 and 2000, which were similar in
characteristics, instead of those from
1997 and 2000. The results from all three
additional analyses were similar to those
presented above (data not shown) and do
not change any of the inferences drawn
from them.

CONCLUSIONS — We used a health
care claims and encounters database rep-
resentative of the privately insured U.S.
population (MarketScan) to determine
whether drug prescription patterns for
type 2 diabetes have changed in recent
years, along with the introduction of new
drugs to treat this disease. Results of the
study suggest that antihyperglycemic
drug prescription patterns in the U.S.
have changed in recent years in parallel
with the introductions of different classes
of medications to the marketplace. Over-
all, the prescribing trend is away from
monotherapy with insulins and sulfonyl-
ureas and toward combination therapies,
perhaps in attempts to reduce hypoglyce-
mic symptoms and to achieve better glu-
cose control. Further study will be needed
to determine whether these trends persist

over time and whether they are associated
with improved outcomes.

Before the introductions of met-
formin and acarbose in the U.S., the only
OADs available for prescription were sul-
fonylureas. It is therefore not surprising
that, with the introduction of other drug
classes, use of sulfonylureas as mono-
therapy has declined. Some of this decline
appears to be accounted for by an increas-
ing use of other oral drugs as mono-
therapy. Perhaps the prescribing trends
away from monotherapy with sulfonyl-
ureas to monotherapy with metformin or
thiazolidinediones reflects an interest of
clinicians to more directly address the un-
derlying pathophysiology of type 2 diabe-
tes and avoid hypoglycemia.

At the same time that sulfonylurea use
as monotherapy was declining in this da-
tabase population, its use in combination
with metformin and thiazolidinediones
was increasing. This suggests that sulfo-
nylurea monotherapy has been sup-
planted in part by combinations of
sulfonylureas with newer drugs, an hy-
pothesis that is consistent with post–U.K.
Prospective Diabetes Study treatment
guidelines developed and promulgated
by several diabetes advocacy organiza-
tions and governmental agencies that
have called for more intensive glycemic
control among patients with type 2 diabe-
tes in the U.S. since 1999 (9). Thus, there
is evidence that clinicians are beginning
to accept the notion that combination
therapies will be useful for achieving gly-
cemic targets.

Similar to the declining use of mono-
therapy with sulfonylureas, use of insulin
monotherapy declined during the study

interval. Use of insulin in combination
with metformin increased, whereas other
combinations with insulin either de-
creased (insulin and sulfonylureas) or
were relatively stable (insulin and thiazo-
lidinediones). The most likely explana-
tion for this observation is that the
combination of insulin and metformin is
viewed most favorably from a benefit/risk
perspective compared with the other in-
sulin plus OAD combinations. The fact
that insulin is being used less as mono-
therapy and more often in combination
with metformin, beginning in 1999, is
also consistent with the above-mentioned
changes in treatment guidelines for type 2
diabetes.

Several interesting associations be-
tween drug prescriptions and disease
characteristics were uncovered during
this study that could serve as internal val-
idation of our other findings. For exam-
ple, there was a clear inverse relationship
between nephropathy and the prescribing
of metformin and sulfonylureas. It is well
known that use of metformin and sulfo-
nylureas in patients with renal insuffi-
ciency may be hazardous, increasing the
risks of lactic acidosis with the former and
hypoglycemia with the latter (1,2). There-
fore, the apparent aversion to prescribing
these drugs among patients with ne-
phropathy would be expected. The asso-
ciation of insulin prescribing with
retinopathy also deserves commentary.
Such an association has been described
repeatedly and has been confirmed in
controlled clinical trials (10). The phe-
nomenon is predominant among patients
with retinopathy that preexists insulin
therapy and may be related to an increase

Table 3—Odds ratios for explanatory variables in logistic regressions for selected diabetes drug therapies

Explanatory variables
Any use of

insulin
Any use of

sulfonylurea
Any use of
metformin

Any use of
thiazolidinedione

Year 2000 vs. 1997 0.73 (0.72–0.75) 0.82 (0.80–0.83) 1.84 (1.80–1.88) 2.43 (2.35–2.51)
Aged 50–64 vs. �50 years 0.85 (0.83–0.88) 1.72 (1.68–1.76) 1.31 (1.27–1.34) 1.42 (1.37–1.48)
Aged 65� years 0.87 (0.84–0.91) 2.53 (2.46–2.60) 1.02 (1.00–1.06) 1.22 (1.17–1.27)
Sex (Female) 0.91 (0.89–0.93) 1.28 (1.26–1.30) 1.05 (1.03–1.07) 1.06 (1.04–1.09)
Neuropathy 1.97 (1.90–2.03) 0.86 (0.84–0.89) 1.07 (1.04–1.11) 1.40 (1.34–1.45)
Retinopathy 3.81 (3.70–3.92) 0.81 (0.79–0.83) 1.10 (1.07–1.14) 1.60 (1.54–1.66)
Nephropathy 1.62 (1.56–1.68) 0.64 (0.61–0.66) 0.53 (0.51–0.55) 1.07 (1.02–1.12)
Peripheral vascular disease 1.73 (1.68–1.79) 0.89 (0.86–0.91) 0.93 (0.90–0.96) 1.18 (1.13–1.22)
PPO/POS 0.97 (0.94–0.99) 1.10 (1.08–1.12) 1.10 (1.07–1.12) 0.93 (0.91–0.96)
Capitation/HMO 0.92 (0.89–0.96) 1.29 (1.26–1.33) 1.26 (1.22–1.30) 1.04 (1.00–1.08)

Data are OR (95% CI). Odds ratios �1.25 or �0.8 are in bold. ICD codes are listed in legend of Table 1.

U.S. antihyperglycemic prescribing trends

1850 DIABETES CARE, VOLUME 26, NUMBER 6, JUNE 2003



in circulating IGF-1 levels that accompa-
nies intensive glycemic control (10,11).
While the association found here is sup-
portive of the known causal link between
intensive insulin therapy and worsening of
retinopathy, the current study design does
not allow determination of the temporal re-
lationship between onset of retinopathy and
insulin use in this population.

An advantage of the MarketScan
database over others that only track pre-
scription fills is that it allows identifica-
tion of type of disease (from insurance
claims) and can be used to determine
whether certain other patient characteris-
tics, such as age and sex, influence pre-
scribing. Because individual patients’
prescription fills are recorded, therapies
prescribed concurrently (and presumably
used in combination) can be ascertained,
providing information on actual drug use
patterns as opposed to individual drug
prescription trends. The large sample size
(over 3 million lives continuously en-
rolled in 2000) and diverse data sources
provide for a representative sampling of
the U.S. insured population.

Several important limitations of this
study are worthy of mention. The algo-
rithm we used to identify patients with
type 2 diabetes is imperfect. It was de-
signed to reduce the likelihood of includ-
ing typical type 1 diabetic patients in the
sample, so that our findings would be
specific to type 2 diabetes prescribing
trends. However, the algorithm likely
identifies fewer patients with type 2 dia-
betes than actually exist within the data-
base, as it excludes undiagnosed patients
and those that did not receive a diagnosis
or prescription in the period of 1997–
2000. In addition, nonobese patients with
type 2 diabetes who were receiving insu-
lin monotherapy and were diagnosed as
insulin dependent were also excluded. An
unknown proportion of those who were
classified as having type 2 diabetes and
included in the analyses actually have la-

tent autoimmune diabetes of adulthood
(LADA), as measurements of relevant an-
tibodies were not available. Second, the
study was retrospective and the hypothe-
ses tested were exploratory. No definitive
conclusions can be drawn. Third, reliance
on ICD-9 codes to identify patients with
diabetes complications is imperfect;
many patients who have such complica-
tions will be missed. Finally, the Market-
Scan database, while likely representative
of the U.S. population that is covered by
employer-sponsored commercial insur-
ance, is likely not representative of the
entire U.S. population, as it excludes the
unemployed, uninsured, and those re-
ceiving Medicaid and Medicare without
supplemental insurance. Generalizations
beyond the commercially insured popu-
lation may be inappropriate.

In summary, the results of our study
suggest that antihyperglycemic drug pre-
scription patterns in the U.S. have
changed in recent years in parallel with,
and probably as a direct result of, the in-
troductions of different classes of medica-
tions to the marketplace. Overall, the
prescribing trend has been away from
monotherapy with insulins and sulfonyl-
ureas and toward combination therapies,
presumably in attempts to reduce hypo-
glycemic symptoms, directly impact the
underlying disease pathogenesis, and
achieve better glucose control.
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