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OBJECTIVE

Therapeutic inertia threatens the potential long-term benefits of achieving early
glycemic control after type 2 diabetes diagnosis. We evaluated temporal trends
in second-line diabetes medication initiation among individuals initially treated
with metformin.

RESEARCH DESIGN AND METHODS

We included data from 199,042 adults with type 2 diabetes in the U.S. Depart-
ment of Veterans Affairs health care system initially treated with metformin
monotherapy from 2005 to 2013. We used multivariable Cox proportional haz-
ards and linear regression to estimate associations of year of metformin mono-
therapy initiation with time to second-line diabetes treatment over 5 years of
follow-up (primary outcome) and with hemoglobin A1c (HbA1c) at the time of sec-
ond-line diabetes treatment initiation (secondary outcome).

RESULTS

The cumulative 5-year incidence of second-line medication initiation declined
from 47% among metformin initiators in 2005 to 36% in 2013 counterparts (P <
0.0001) despite a gradual increase in mean HbA1c at the end of follow-up (from
6.94 ± 1.28% to 7.09 ± 1.42%, Ptrend < 0.0001). In comparisons with metformin
monotherapy initiators in 2005, adjusted hazard ratios for 5-year initiation of sec-
ond-line diabetes treatment ranged from 0.90 (95% CI 0.87, 0.92) for 2006 met-
formin initiators to 0.68 (0.66, 0.70) for 2013 counterparts. Among those
receiving second-line treatment within 5 years of metformin initiation, HbA1c at
second-line medication initiation increased from 7.74 ± 1.66% in 2005 metformin
initiators to 8.55 ± 1.92% in 2013 counterparts (Ptrend < 0.0001).

CONCLUSIONS

We observed progressive delays in diabetes treatment intensification consistent
with therapeutic inertia. Process-of-care interventions early in the diabetes dis-
ease course may be needed to reverse adverse temporal trends in diabetes care.

Diabetes affects more than 10% of adults in the U.S. (1,2) and was associated with
an estimated $327 billion in direct and indirect costs in 2017 (3). The adverse
health effects of diabetes are predominantly related to diabetes complications,
including atherosclerotic cardiovascular disease, heart failure, kidney disease, eye
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disease, and peripheral neuropathy (1).
Results of randomized controlled trials
suggest that glucose control early in the
diabetes disease course has beneficial
short- and long-term effects on diabetes
complications (4,5), a finding that has
been corroborated in observational real-
world data (6). Highlighting the impor-
tance of early glycemic control, results of
randomized trials in patients with long-
standing diabetes have suggested less
substantial reductions in diabetes compli-
cations and potential for harm associated
with intensive glycemic control (7–9).

Despite the importance of glycemic
control early in the natural history of dia-
betes, delayed diabetes treatment intensi-
fication, so-called “therapeutic inertia,”
has been described across multiple health
care systems (10–17). Therapeutic inertia
can manifest as delays in glycemic surveil-
lance for treatment response (16) and as
delays in treatment modification in the
face of glucose levels above individualized
targets (11,12,15–18). Critically, therapeu-
tic inertia is associated with poor early
glycemic control (16,17,19,20), which in
turn has been associated with poor long-
term glycemia and increased risk for dia-
betes complications later in the disease
course (21,22).

In recent analyses of temporal trends
in glycemic control among individuals
with diabetes in the U.S., it was found
that improvements observed in the
2000s appear to have stagnated (23–29).
Similar descriptions of temporal trends in
diabetes treatment, particularly early in
the disease course, are needed for an
understanding of gaps in diabetes care.
We performed a retrospective observa-
tional cohort study to examine temporal
trends in early diabetes treatment pat-
terns for adults receiving care in the U.S.
Department of Veterans Affairs health
care system (VA), focusing on the
transition from monotherapy with met-
formin, the most common initial medica-
tion for type 2 diabetes in the U.S.
(30–32), to second-line treatment during
the first 5 years of diabetes treatment.
We describe trends in glycemic control at
the time of metformin and of second-line
treatment initiation, and in the time to
second-line treatment initiation, among
individuals initiating metformin monother-
apy between 2005 and 2013 with 5 years
of follow-up through 2018.

RESEARCH DESIGN AND METHODS

Study Population
We included individuals receiving routine
primary care across the national VA health
care system who were diagnosed with
diabetes and received initial treatment
with a diabetes medication between 2005
and 2013. We limited study entry at 2013
to permit analysis of up to 6 years of fol-
low-up data (through 2019), including the
primary 5-year outcome and assessments
of glycemia, death, and loss to follow-up
through 6 years after initial diabetes
treatment. We used a diabetes defini-
tion adapted from a validated algo-
rithm for the VA (33) and identified
newly diagnosed individuals initiating
oral monotherapy for diabetes using
an approach adapted from prior stud-
ies in the VA (34,35). Briefly, diabetes
status was defined as two or more
uses of ICD-9, Clinical Modification
(ICD-9-CM), diagnosis codes 250.xx or
one or more uses of 250.xx associated
with a primary care provider visit in
conjunction with an outpatient diabe-
tes medication prescription. To be
identified as newly diagnosed individ-
uals receiving initial diabetes treat-
ment, participants had to meet two
criteria occurring in the 2 years prior
to meeting the above diabetes diagno-
sis definition: 1) a minimum of two
clinical encounters in the VA, one of
which had to be a primary care pro-
vider encounter, without use of an
ICD-9-CM diagnosis code for diabetes;
and 2) at least one prescription medi-
cation filled in the VA for a nondiabe-
tes medication. Thus, those remaining
in the sample had data that suggested
active VA care with neither recognized
diabetes nor diabetes treatment in
the 2 years prior to meeting the dia-
betes diagnostic criteria for inclusion
in the study.

Initial diabetes treatment was based on
prescription medication fills occurring on
or after the first occurrence of a diabetes
ICD-9-CM diagnosis code. Supplementary
Table 1 lists medications by class that
were included in defining diabetes treat-
ment. Individuals prescribed metformin
prior to the first occurrence of a diabetes
diagnosis code were excluded. Initial met-
formin monotherapy was defined as a
filled prescription for metformin without
a filled prescription for any other diabetes
medication or metformin combination

medication within the subsequent 4
weeks. The date of the initial metformin
prescription fill was considered the date
of treatment initiation and served as the
baseline for the study. We focused on
individuals prescribed metformin for ini-
tial treatment of diabetes, as they repre-
sent 70% of VA patients with diabetes
(Supplementary Table 2). The Colorado
Multiple Institutional Review Board and
the Research & Development Committee
of the VA Eastern Colorado Healthcare
System provided human subjects over-
sight and approval.

Outcomes and Predictors
Initiation of a second diabetes medica-
tion was the primary outcome of this
study. The date of the first prescription
filled for a non-metformin diabetes
medication was considered the date of
second-line treatment initiation. A small
proportion of participants who received
add-on treatment with multiple medica-
tions (N = 1,771, 0.9%) were excluded.
Hemoglobin A1c (HbA1c) measurements
at baseline (occurring within 1 year
before or after metformin initiation), at
the time of second-line treatment initia-
tion, and at the end of follow-up were
secondary outcomes. HbA1c surveillance
during follow-up was an additional sec-
ondary outcome. HbA1c surveillance
was defined as achieving at least one
(“annual”) or two (“semiannual”) HbA1c
measurements per year of follow-up
between metformin initiation and sec-
ond-line medication initiation or the
end of follow-up—whichever occurred
first—among individuals with a mini-
mum of 6 months of follow-up.

The calendar year of metformin initia-
tion was the primary predictor in this
study, ranging from 2005 to 2013. For
analyses related to second-line treat-
ment initiation, age at baseline, sex,
race (classified as Black, White, Hispanic,
or other based on VA enrollment
records), HbA1c at baseline, BMI at
baseline, and creatinine at baseline were
included as covariates. The nearest val-
ues occurring within 1 year before or
after metformin initiation were consid-
ered baseline measurements. There was
<5% missing data for all of the variables
included in analyses (Supplementary
Table 3).
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Statistical Analysis
Study participant characteristics were
summarized with means for continuous
variables and proportions for categorical
variables. We used multivariable linear
regression to compare differences in
HbA1c at baseline, at second-line treat-
ment initiation, and at the end of follow-
up across metformin initiation years.
Analysis of residuals for multivariable lin-
ear regression analysis of HbA1c at sec-
ond-line treatment initiation can be
found in Supplementary Fig. 1. We used
multivariable Cox proportional hazards
regression to test associations of metfor-
min initiation year with time to second-
line treatment initiation. We examined
second-line treatment initiation within 5
years of metformin, censoring individuals
who died prior to second-line treatment
initiation. We considered the date of the
last HbA1c measurement occurring within
6 years of baseline as the end of fol-
low-up. We visually assessed the propor-
tional hazards assumption by examining
a plot of Schoenfeld residuals versus
time. The plot had a slope of near-zero
(Supplementary Fig. 2), satisfying the pro-
portional hazards assumption, though
the P value was < 0.0001 with the
Schoenfeld test, likely owing to the large
sample size.
All multivariable models were adjusted

for age at diabetes diagnosis, race, sex,
BMI at baseline, and creatinine at base-
line. Baseline HbA1c was an additional
covariate in models with examination of
HbA1c at and time to second-line treat-
ment initiation. As smoking status and
comorbidity burden may influence medi-
cation choice and intensity of glycemic
control, we performed sensitivity analyses
including smoking status and several
comorbidities (coronary artery disease,
stroke, congestive heart failure, kidney dis-
ease, liver disease, chronic obstructive pul-
monary disease, and cancer) as covariates
in multivariable models. We evaluated dif-
ferences in the cumulative incidence of
second-line treatment over 5 years by
metformin initiation year using a log-rank
test.
We repeated the multivariable Cox

proportional hazards regression including
a term for interaction between metfor-
min initiation year and age at diabetes
diagnosis (#55 or >55 years) and after
stratifying on age at diabetes diagnosis
of 55 years. We selected age 55 years
for stratification to capture a younger

population of individuals with diabetes
who would be <60 years of age at the
end of 5 years of follow-up and likely to
be eligible for lower individualized glyce-
mic goals for the duration of follow-up.
As a sensitivity analysis, we repeated the
age-stratified analyses and age interac-
tion term, stratifying at 50 years, 60
years, and 65 years. Finally, we per-
formed a sensitivity analysis including an
interaction term between metformin ini-
tiation year and cancer status at baseline
and after stratifying on presence/absence
of a history of cancer at baseline.

We considered P < 0.05 to imply sta-
tistical significance in each analysis. All
analyses were performed in R 4.0.3 (R
Foundation for Statistical Computing,
Vienna, Austria).

Data and Resource Availability
The data and all statistical code that
support this study are available on rea-
sonable request to the corresponding
author and on obtaining required regu-
latory approvals according to current
VA guidelines. Due to the sensitivity of
the clinical data collected for this study,
data requests must be from qualified
researchers with approved human sub-
jects research protocols, and all data
will be provided as a deidentified lim-
ited data set.

RESULTS

Study Participants and Second-line
Diabetes Treatment Patterns
A total of 206,841 individuals with dia-
betes were initially treated with metfor-
min monotherapy from 2005 to 2013,
of whom 199,042 individuals received
at most one second-line agent and
were included in the study. Median age
was 62.6 years, >95% of the sample
were men, and the majority were White
(69.2%) but with increasing proportions
of Black and Hispanic individuals over
the period examined (Table 1). At base-
line, participants had mildly adverse
metabolic characteristics based on BMI,
blood pressure, LDL cholesterol, HDL
cholesterol, HbA1c, and renal function,
and these cardiometabolic variables
were relatively stable across the years
of metformin initiation (Table 1). Base-
line prevalence of coronary artery dis-
ease declined from 31 to 24.9%, and
prevalence of cancer increased from
28.2 to 37.7%, across consecutive

annual cohorts of metformin initiators
(Supplementary Table 4). There were
smaller changes over time in congestive
heart failure, stroke, liver disease, and
chronic obstructive pulmonary disease
prevalence across consecutive annual
cohorts of metformin initiators (Supple-
mentary Table 4). Median follow-up
time was 270 weeks or just over
5 years, and 25% of participants had
<5 years of follow-up. Individuals who
died during follow-up or were lost to
follow-up were slightly older and were
more likely to have preexisting cardio-
vascular disease (coronary artery dis-
ease, stroke, or heart failure) and
chronic obstructive pulmonary disease
and less likely to have cancer at base-
line (Supplementary Table 5). Among
those in the study sample who initiated
second-line treatment within 5 years of
follow-up, thiazolidinedione medications
declined, insulin and dipeptidyl peptidase
4 inhibitor use as second-line diabetes
treatment increased, and sulfonylureas
were the most frequently used second-
line medication class over the study
period (Supplementary Fig. 3).

Temporal Trends in Glycemia
Mean HbA1c at baseline ranged from
7.19 ± 1.37% to 7.37 ± 1.33% (55 ± 10 to
57 ± 10 mmol/mol) with the lowest
occurring among metformin initiators in
2008 and the highest for counterparts in
2013. There was a gradual trend of
higher baseline HbA1c for each metfor-
min initiation year (0.014% per year
higher HbA1c, adjusted Ptrend < 0.0001)
(Fig. 1A). Mean HbA1c at initiation of a
second diabetes medication ranged from
7.74 ± 1.66% to 8.55 ± 1.92% (61 ± 13 to
70 ± 16 mmol/mol) among metformin
initiators in 2005 and 2013, respectively
(adjusted difference of 0.64%, P <
0.0001). Metformin initiation year was
associated with higher HbA1c at second-
line treatment initiation (0.086% per year
higher HbA1c, adjusted Ptrend < 0.0001)
(Fig. 1A). Among those #55 years old at
the time of metformin initiation, mean
HbA1c at second-line treatment initiation
increased from 8.36 ± 1.91% to 9.11 ±
2.01% (68 ± 16 to 76 ± 17 mmol/mol)
among metformin initiators in 2005 and
2013 (0.089% per year increase, adjusted
Ptrend < 0.0001) (Fig. 1B). Among those
>55 years old at the time of metformin
initiation, mean HbA1c at second-line
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treatment initiation increased from 7.52 ±
1.49% to 8.29 ± 1.82% (59 ± 12 to 67 ±
15 mmol/mol) among metformin initia-
tors in 2005 and 2013 (0.085% per year
increase, adjusted Ptrend < 0.0001) (Fig.
1C). Similar trends in mean HbA1c at the
time of second-line treatment initiation
were observed in sensitivity analyses
including a range of ages for stratification
from 50 years old to 65 years old
(Supplementary Table 6). In the full sam-
ple and in both age strata, HbA1c at initia-
tion of second-line treatment increased
more steeply over time than baseline
HbA1c across annual cohorts of metformin
monotherapy initiators (Fig. 1). Similar pat-
terns in HbA1c trends were observed in
sensitivity analyses with baseline HbA1c
defined as values occurring between 1
year before and 1 month after metformin
initiation (Supplementary Fig. 4).
On average, HbA1c at the end of fol-

low-up ranged from 6.94 ± 1.28% to
7.09 ± 1.42% (52 ± 10 to 54 ± 11 mmol/
mol) among individuals initiating met-
formin monotherapy in 2005 and 2013,
respectively (Ptrend < 0.0001) (Supp-
lementary Table 7). Metformin initiation
year was associated with higher mean
HbA1c at the end of follow-up for those
who received second-line treatment
and for those who did not receive sec-
ond-line treatment (Ptrend < 0.0001 for
both groups) (Supplementary Table 7).
Among individuals who did not receive
second-line treatment, the proportion
with HbA1c <7% at the end of follow-up
decreased from 85.6 to 77.1% among
metformin monotherapy initiators from
2005 to 2013 and the proportions with
HbA1c 7–8% (from 11.6 to 17.6%), HbA1c
8–9% (from 1.8 to 3.6%), and HbA1c
$9% (from 1.0 to 1.7%) increased
(Supplementary Table 7).

Temporal Trends in Time to
Second-line Diabetes Treatment
The year of metformin monotherapy ini-
tiation was associated with the 5-year
cumulative incidence of second-line dia-
betes treatment initiation, which declined
from 47% for metformin monotherapy
initiators in 2005 to 36% in 2013 (P <
0.0001) (Table 2, Fig. 2A, and Supple-
mentary Fig. 5). Relative to initiators of
metformin monotherapy in 2005, the
adjusted hazard ratio (HR) of 5-year sec-
ond-line treatment initiation declined for
each annual cohort of metformin initia-
tors (HR 0.90 [95% CI 0.87, 0.92] in 2006

to 0.68 [95% CI 0.66, 0.70] in 2013)
(Table 2). The temporal trends in 5-year
second-line diabetes treatment initiation
relative to metformin monotherapy initia-
tors in 2005 were similar in additional
multivariable models that include smok-
ing status and baseline comorbidities
(Supplementary Table 8). The prevalence
of cancer at baseline increased from
2005 to 2013 among metformin initia-
tors, providing a possible reason—
life-limiting illness—for less intensive
diabetes treatment. The temporal trends
in 5-year second-line diabetes treatment
initiation relative to metformin mono-
therapy initiators in 2005 were similar
for those without and with a history of
cancer at baseline (Supplementary
Table 9) (Pinteraction = 0.5 between
baseline cancer status and metformin
initiation year).

We found a significant interaction
between age-group and metformin initi-
ation year for the hazard of 5-year sec-
ond-line diabetes treatment initiation
(Pinteraction < 0.0001). The cumulative
incidence of 5-year second-line treat-
ment initiation was lower among those
ages >55 years (ranging from 44 to
32% of metformin monotherapy initia-
tors in 2005 and 2013, respectively)
than among those ages #55 years old
(ranging from 58 to 50% among metfor-
min monotherapy initiators in 2005 and
2013) (Table 2). The association of met-
formin initiation year with 5-year second-
line treatment initiation was observed in
both age strata (P < 0.0001 in both age-
groups) (Table 2 and Supplementary
Fig. 6). Similar trends in 5-year second-
line diabetes treatment initiation relative
to metformin initiators in 2005 were
observed in sensitivity analyses includ-
ing a range of ages for stratification
from 50 years old to 65 years old, and
interactions of dichotomized age with
year of metformin initiation were sig-
nificant irrespective of stratification
age (Supplementary Table 10).

Finally, we examined trends in glyce-
mic surveillance in the interval between
metformin monotherapy initiation and
end of follow-up or second-line treatment
initiation. The proportion of individuals
with at least one HbA1c measurement
per year in the interval between metfor-
min initiation and second-line treatment
initiation or end of follow-up was stable
among metformin initiators from 2005
(79.0%) to 2013 (79.2%) (Ptrend = 0.71),

while the proportion with at least two
HbA1c measurements per year declined
from 37.1 to 28.6% (Ptrend < 0.0001) (Fig.
2B). Temporal trends in HbA1c surveil-
lance were similar among individuals
#55 and >55 years old at baseline
(Supplementary Fig. 7).

CONCLUSIONS

In this retrospective observational study
examining second-line diabetes treat-
ment trends in the VA, we found signifi-
cant increases over time in glycemia at
the time of second-line treatment initia-
tion and decreases in cumulative inci-
dence of second-line treatment initiation
among individuals initially treated with
metformin monotherapy. Temporal varia-
tion in second-line treatment initiation
was unlikely to be explained solely by
changes in patient characteristics over
time, as glycemia, lipid levels, blood pres-
sure, and renal function within a year
before or after metformin monotherapy
initiation were mostly stable over time. In
addition, the proportion of individuals
with HbA1c <8% at the end of follow-up
who did not receive second-line diabetes
treatment was stable across consecutive
cohorts of metformin initiators, suggesting
that improvements in glycemic control on
metformin did not explain declines in sec-
ond-line diabetes treatment initiation.
Early glycemic control impacts long-term
diabetes-related complications (5,6,21,22).
The increases in HbA1c at metformin initi-
ation from 2005 to 2013, at second-line
treatment initiation, and in time to sec-
ond-line treatment initiation over succes-
sive years portend potentially adverse
long-term population health for veterans
with diabetes.

The temporal trend in younger individ-
uals was particularly striking, with the
mean HbA1c exceeding 9% at the time of
second-line treatment initiation among
metformin initiators in 2012 and 2013.
Professional society guidelines and the
VA clinical practice guidelines for diabetes
care recommend individualizing glycemic
control targets, including comorbidity
burden and life expectancy among the
factors used to guide individualization
(36–38). In combination with evidence
of long-term benefit of early glycemic
control (5,6), diabetes care guidelines
support more intensive glycemic con-
trol for younger patients, making the
adverse temporal trends in second-
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Figure 1—Trends in HbA1c at baseline and at time of initiation of second diabetes medication. Points and vertical bars represent the mean and SD
of HbA1c for each year in the full sample (A) and among individuals initially treated with metformin at ages#55 years (B) and>55 years (C). Base-
line values are shown in purple, and values nearest to the start of second-line diabetes treatment in those who were prescribed second-line treat-
ment within 5 years are shown in green. The mean and SD values corresponding to each plotted point are shown below the plots, along with
P values for temporal trends from models with adjustment for sex, race, and baseline age, HbA1c, creatinine, and BMI.
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line treatment initiation among youn-
ger individuals in our study a potentially
concerning indicator of suboptimal dia-
betes care.
Our findings complement prior descrip-

tions of therapeutic inertia in diabetes
care by providing real-world data on tem-
poral trends in treatment patterns early
in the diabetes course. Consistent with
prior studies of therapeutic inertia (11,12,
14,15,17,18,20), we observed second-line
treatment initiation at HbA1c levels that
exceeded diabetes care guidelines from
both the American Diabetes Association
and American College of Physicians during
the period of care described in our study
(39,40)—a pattern that worsened over
time. Our observation of consistent tem-

poral trends in glycemic control at all time
points and for all subgroups assessed
aligns with previous reports documenting
that poor glycemic control early persists
through the diabetes disease course
(16,17,19,20,24). Our results extend
recent work describing temporal trends in
achieving glycemic, lipid, and blood pres-
sure control in individuals with diabetes in
the National Health and Nutrition Exami-
nation Survey (NHANES) (28,29). Over the
time period examined in our study, data
in NHANES suggested stagnant, low rates
of risk factor control among people with
diabetes in the U.S. with fewer than one-
quarter of individuals achieving recom-
mended glycemic, lipid, and blood pres-
sure control goals (28,29).

One potential explanation for the tem-
poral trend is increasing caution with
regard to glycemic control after the pub-
lication of results of three randomized
trials that failed to demonstrate cardio-
vascular benefit of intensive glycemic
control (7–9), in one of which higher all-
cause mortality was found to be associ-
ated with intensive glycemic control (7).
This explanation would be supported by
the data showing increasing proportions
over time of individuals with HbA1c
7–8% without second-line treatment ini-
tiation; however, the temporal trends
preceded revised professional society
guidelines for diabetes care motivated
by the aforementioned trials (37,41).
While it is possible that the temporal

Table 2—Temporal trends in 5-year diabetes treatment intensification among those initially treated with metformin
monotherapy

Metformin start year

2005 2006 2007 2008 2009 2010 2011 2012 2013

All participants
n intensified treatment 8,245 8,831 9,347 9,000 9,005 8,899 8,971 8,286 8,547
Total N 17,445 20,237 22,082 22,424 22,595 23,195 24,476 23,074 23,514
% intensified treatment 47.3 43.6 42.3 40.1 39.9 38.4 36.7 35.9 36.3
Unadjusted model
HR Ref. 0.89 0.86 0.80 0.79 0.74 0.70 0.68 0.69
95% CI NA 0.87, 0.92 0.83, 0.88 0.78, 0.82 0.77, 0.82 0.72, 0.77 0.68, 0.72 0.66, 0.70 0.67, 0.71
P NA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Adjusted model*
HR Ref. 0.90 0.87 0.83 0.81 0.75 0.70 0.67 0.68
95% CI NA 0.87, 0.92 0.85, 0.90 0.80, 0.85 0.79, 0.84 0.73, 0.78 0.68, 0.72 0.65, 0.70 0.66, 0.70
P NA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

#55 years old

n intensified treatment 2,171 2,270 2,390 2,385 2,571 2,638 2,639 2,560 2,729
Total N 3,723 4,145 4,353 4,516 4,848 5,186 5,386 5,187 5,423
% intensified treatment 58.3 54.8 54.9 52.8 53.0 50.9 49.0 49.4 50.3
Unadjusted model
HR Ref. 0.91 0.90 0.86 0.87 0.81 0.76 0.76 0.78
95% CI NA 0.86, 0.96 0.85, 0.96 0.81, 0.92 0.82, 0.92 0.76, 0.85 0.72, 0.80 0.71, 0.80 0.74, 0.83
P NA 0.001 0.0008 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Adjusted model*
HR Ref. 0.91 0.90 0.86 0.87 0.80 0.76 0.74 0.77
95% CI NA 0.85, 0.96 0.85, 0.96 0.81, 0.91 0.82, 0.92 0.76, 0.85 0.72, 0.81 0.70, 0.78 0.73, 0.82
P NA 0.002 0.0005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

>55 years old

n intensified treatment 6,074 6,561 6,957 6,615 6,434 6,261 6,332 5,726 5,818
Total N 13,722 16,092 17,729 17,908 17,747 18,009 19,090 17,887 18,091
% intensified treatment 44.3 40.8 39.2 36.9 36.3 34.8 33.2 32.0 32.2
Unadjusted model
HR Ref. 0.89 0.85 0.78 0.77 0.72 0.68 0.65 0.64
95% CI NA 0.86, 0.92 0.82, 0.88 0.76, 0.81 0.74, 0.79 0.69, 0.74 0.65, 0.70 0.62, 0.67 0.62, 0.67
P NA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Adjusted model*
HR Ref. 0.89 0.87 0.81 0.79 0.74 0.68 0.65 0.64
95% CI NA 0.86, 0.93 0.84, 0.90 0.79, 0.84 0.76, 0.82 0.71, 0.76 0.66, 0.71 0.63, 0.67 0.62, 0.67
P NA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

*Adjusted models included adjustment for sex, race, baseline age, HbA1c, creatinine, and BMI. NA, not applicable; Ref., referent.
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Figure 2—Trends in time to second-line diabetes treatment initiation and in glycemic surveillance among patients initially treated with metformin
monotherapy in 2005–2013. A: Cumulative incidence of initiation of second diabetes medication over 5 years by year of initial metformin mono-
therapy for diabetes (2005, 2007, 2009, 2011, and 2013). Log-rank test P value for differences in cumulative incidence by initial metformin treat-
ment year is shown. For figure clarity, only odd-numbered years are shown; a similar plot with all years can be found in Supplementary Fig. 3.
B: Proportions of patients with diabetes initially treated with metformin with at least one (annual) or two (semiannual) HbA1c measurements per
year between metformin initiation and second-line medication initiation or end of follow-up.
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trends observed in this study reflect
time-dependent practice changes toward
more cautious individualized glycemic
targets, the trends were observed prior
to guideline emphasis on flexible glyce-
mic goals. Furthermore, we observed
similar trends in younger and older indi-
viduals, whereas updated care guidelines
emphasizing flexible, individualized glyce-
mic targets urge caution against overly
intensive glycemic control particularly for
older individuals with existing cardiovas-
cular disease or at high risk and those
with potentially life-limiting comorbid-
ities. These same guidelines emphasize
the outcomes benefits of tight glucose
targets in younger people with longer
life expectancy (36,38).
Unfortunately, our data preclude

examination of the causes of delays in
second-line treatment initiation, par-
ticularly whether the care patterns
observed reflect patient or provider
preferences, repercussions from national
VA policy or diabetes-specific guidelines,
or other barriers to optimal care. Assess-
ing treatment in the context of individual
glycemic goals is necessary to formally
evaluate therapeutic inertia, whereas we
describe population-level trends. While
our study described population patterns
that are consistent with therapeutic iner-
tia, we cannot draw firm conclusions
regarding inertia without an individual-
level analysis that exceeds the scope
of this study. That said, we found
adverse temporal trends in guideline-rec-
ommended semiannual HbA1c measure-
ments (36) that suggest progressive gaps
in surveillance may contribute to delays
in treatment modification. Irrespective
of the cause, the progressive increase in
HbA1c at second-line medication initia-
tion to levels exceeding guideline recom-
mendations and the declining rates of
recommended semiannual HbA1c surveil-
lance over successive annual cohorts of
metformin initiators suggest delayed rec-
ognition and treatment modification for
those individuals with insufficient glyce-
mic control on metformin monotherapy
who are most in need of a change in
treatment.
An important limitation of our study

pertains to generalizability. The conclu-
sions from our study are limited to indi-
viduals receiving care in the VA.
Comparisons of VA with non-VA diabe-
tes care have suggested comparable or
higher quality by several metrics for

individuals receiving care in the VA
(42,43), so we do not have reason to sus-
pect that our observations are specific to
the VA. Moreover, therapeutic inertia in
diabetes care has been described across a
diversity of contexts (10–17) and is not
specific to the VA. On the other hand, the
choice of second-line diabetes medica-
tions may differ between VA and non-VA
care, as the rates of sulfonylurea selection
in our data exceed what has been
described in other contexts (44–46). Fur-
thermore, the causes of temporal trends
in VA and non-VA samples may differ
given variations in access to care, medi-
cation cost, and other factors that
impact treatment decision-making.
Finally, our study sample was predomi-
nantly men, possibly limiting generaliz-
ability to women, though prior studies
do not suggest that women with diabe-
tes would be treated more aggressively
than men (47,48). With these factors
taken together, we urge caution in gen-
eralizing the results until replication in
independent non-VA study samples is
performed.

There are other limitations of note.
First, our study describes temporal trends
quantitatively but does not provide causal
explanations for the observed treatment
patterns. Second, overtreatment and
therapeutic inertia in treatment dein-
tensification have also previously been
described (49–52); for clarity, we lim-
ited our study to addition of second-
line therapy. Third, the paradigm of
type 2 diabetes treatment has pro-
gressed from glycemic targets to medi-
cation selection (particularly glucagon-
like peptide 1 receptor agonists and
sodium–glucose cotransporter 2 inhibi-
tors) informed by risk of specific diabetes
complications. The slow uptake of these
new classes of medications for indica-
tions with robust randomized trial evi-
dence may suggest delays in appropriate
treatment initiation and delayed adop-
tion of new therapeutic classes (53,54).
Whether there are delays in comorbid-
ity-triggered treatment initiation of glu-
cagon-like peptide 1 receptor agonist
and sodium–glucose cotransporter 2
inhibitor medications despite profes-
sional society recommendations will
need to be evaluated in future work.
Finally, we limited our study to individ-
uals initially treated with metformin
alone, as this represented most individu-
als with type 2 diabetes in the VA, and

this may limit generalizability to patients
with diabetes initially treated with other
agents.

We conclude that temporal trends in
glycemic control in the first 5 years after
type 2 diabetes treatment initiation, in
rates of second-line diabetes treatment
initiation, in glycemia at the time of sec-
ond-line treatment initiation, and in
rates of guideline-recommended HbA1c
surveillance all suggest progressive
worsening of management of diabe-
tes early in the disease course in a
national integrated health system.
Our findings are consistent with wors-
ening therapeutic inertia over time
early in the care of patients with dia-
betes. These trends were similar or
sometimes exaggerated among youn-
ger individuals, for whom aggressive
early glycemic control may be of greatest
benefit, indicating missed opportunities
for improving diabetes care and prevent-
ing long-term complications. Measures
are needed to promote earlier guideline-
directed diabetes treatment modification
in individuals without adequate glycemic
control on initial metformin monotherapy.
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