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Characteristics Associated With
Maintenance of Mean A1C ,6.5%
in People With Dysglycemia in the
ORIGIN Trial
THE ORIGIN TRIAL INVESTIGATORS*
OBJECTIVEdTo assess the success and baseline predictors of maintaining glycemic control
for up to 5 years of therapy using basal insulin glargine or standard glycemic care in people with
dysglycemia treated with zero or one oral glucose-lowering agents.
RESEARCH DESIGN AND METHODSdData from 12,537 participants in the Outcome
Reduction with Initial Glargine Intervention (ORIGIN) trial were examined by baseline glycemic
status (with or without type 2 diabetes) and by therapeutic approach (titrated insulin glargine or
standard therapy) using an intention-to-treat analysis. Median values for fasting plasma glucose
(FPG) and A1C and percentages with A1C ,6.5% (48 mmol/mol) during randomized treatment
were calculated. Factors independently associated with maintaining updated mean A1C ,6.5%
were analyzed with linear regression models.
RESULTSdMedian A1C in the whole population was 6.4% at baseline; at 5 years, it was 6.2%
with glargine treatment and 6.5% with standard care. Of those with diabetes at baseline, 60%
using glargine and 45% using standard care had A1C ,6.5% at 5 years. Lack of diabetes and
lower baseline A1C were independently associated with 5-year mean A1C ,6.5%. Maintaining
mean A1C ,6.5% was more likely with glargine (odds ratio [OR] 2.98 [95% CI 2.67–3.32], P ,
0.001) than standard care after adjustment for other independent predictors.
CONCLUSIONSdSystematic intervention with basal insulin glargine or standard care early
in the natural history of dysglycemia can maintain glycemic control near baseline levels for at least
5 years, whether diabetes is present at baseline or not. Keeping mean A1C ,6.5% is more likely
in people with lower baseline A1C and with the glargine-based regimen.
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T

here is a strong epidemiologic relationship between hyperglycemia
and long-term complications of
type 2 diabetes (1–4), and intensive treatment studies have veriﬁed that improving
glycemic control can delay or prevent
some of these complications (5–8). However, interventional studies have shown
that diabetes is a progressive disorder,
and the treatments used often do not
prevent a gradual increase of hyperglycemia
over time (9–11). The Outcome Reduction
with Initial Glargine Intervention (ORIGIN;
NCT00069784) trial compared the medical outcomes of two different glycemic

treatment approaches for people with dysglycemia either with or without a diagnosis of diabetes who were taking no more
than one oral glucose-lowering drug (12).
The 12,537 participants were randomized to treatment with either basal insulin
glargine, which was systematically titrated to maintain fasting plasma glucose
(FPG) #5.3 mmol/L (#95 mg/dL), or to
standard care based on oral therapy. Cardiovascular and other medical outcomes
of ORIGIN and the glycemic control results for the whole population have been
reported previously (13,14). Here we
report the glycemic control results
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separately for the subgroups with and
without diabetes at enrollment and assess
the independent associations of glycemic
status and other baseline characteristics,
and the treatment regimen used, with
maintenance of updated mean A1C below
,6.5% for up to 5 years of follow-up.
RESEARCH DESIGN AND
METHODS
Participants
The rationale and design of the ORIGIN
trial were reported previously (9). In
brief, it was a multinational randomized
trial with a 2 3 2 factorial design that
tested two pairs of interventions. Titrated
basal insulin glargine was compared with
standard stepwise oral therapy, and an
omega-3 fatty acid supplement with placebo. Participants were required to have a
prior cardiovascular (CV) event or other
evidence of high CV risk together with
documented dysglycemia, deﬁned as either impaired fasting glucose, impaired
glucose tolerance (or the two together),
or newly detected or previously diagnosed type 2 diabetes. Participants with
diabetes could be treated with lifestyle
alone or accompanied by no more
than a single oral glucose-lowering agent.
The present analysis concerns the glycemic
intervention, with use of omega-3 fatty
acids included only as a covariate. Data
from all 12,537 individuals in 40 countries were assessed.
Interventions
Participants assigned to standard care
continued their prior glucose-lowering
treatment and were managed according
to the investigators’ judgment and local
guidelines for glycemic control and therapeutic approaches. Investigators were
advised not to prescribe insulin for standard participants unless they were on full
doses of two or more oral agents, and if
insulin was added, glargine was not to
be used. Participants assigned to basal
insulin glargine who were taking a thiazolidinedione prior to randomization

DIABETES CARE, VOLUME 36, OCTOBER 2013

2915

Sustained A1C <6.5% in ORIGIN
stopped this medication but continued to
take other glucose-lowering agents. Insulin
glargine (Lantus; Sanoﬁ) was added to their
regimen starting at 2–6 units daily, based
on fasting glucose levels. Participants
were advised to inject the glargine in the
evening and to self-titrate the dosage
using a simple algorithm supported by
the site investigators. Self-measured,
plasma-referenced fasting capillary blood
glucose tests were done at least twiceweekly to guide titration, with the goal
of achieving and maintaining fasting
glucose at #5.3 mmol/L (#95 mg/dL).
Other oral agents could be continued, reduced, or discontinued as judged appropriate during treatment with insulin
glargine. The only oral agent that could
be added (if not previously used) was
metformin, which the site investigator
initiated for individual participants if
judged necessary to limit the risk of hypoglycemia. The importance of lifestyle
management was periodically reinforced
in both treatment groups.
Measurements
In addition to self-measured glucose tests,
venous blood for measurement of FPG
and A1C at local laboratories was collected at intervals during treatment.
Measurements of A1C were done at baseline, yearly thereafter, and at the end of
treatment for all participants. All participants in the glargine treatment group and
the nondiabetic participants in the standard care group had FPG levels measured
at baseline, annually, and at the end of
treatment. Participants with diabetes in
the standard care group had FPG measurements at baseline, after 2 years, and at
the end of treatment. Historical information about participants (such as smoking
and alcohol habits, prior CV events, depression, and other medical problems)
was systematically collected at baseline by
participant self-report.
Statistical analysis
Summary statistics were computed for
baseline characteristics of the whole population and for subgroups by glycemic
treatment allocation and by glycemic status
at enrollment (diabetes absent or present).
Median FPG and A1C with interquartile
ranges were computed for each subgroup
for all time points. Percentages of participants in each subgroup having A1C ,6.5
and ,7.0% (two levels commonly identiﬁed as targets for glycemic control) (15,16)
were calculated for each time point from
the beginning to the end of the trial.
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To determine the relationships between baseline characteristics and glycemic
outcomes, ﬁndings for all randomized
participants during the ﬁrst 5 years of
treatment were analyzed. Maintenance of
an A1C ,6.5% during treatment was deﬁned as having the mean of all available
annual measurements, including the
1-year value, up to and including the
5-year value (i.e., the updated mean A1C)
below those levels. Univariable analyses of
the relationships between clinical characteristics and a maintained A1C ,6.5%
were performed using linear regression
models. Characteristics with a P , 0.1 in
univariate analyses were entered into multivariable models. Model 1 included all
baseline characteristics meeting this criterion, including baseline glycemic status (diabetes vs. no diabetes), but not glycemic
treatment allocation. The independent effect of allocation to basal insulin glargine
versus standard care was assessed by adding this variable to model 2, which included all variables statistically signiﬁcant
at P , 0.05 in model 1. The unadjusted
effect of allocation to insulin glargine
within subgroups was estimated using logistic regression and statistical tests for interactions between allocation and these
subgroups. The results of these analyses
were displayed as a forest plot.
RESULTS
Baseline characteristics
The characteristics of the ORIGIN population at enrollment, divided by treatment assignment and glycemic status, are
shown in Table 1. Of 12,537 subjects randomized, 6,264 were assigned to treatment with insulin glargine and 6,273 to
standard care. For the whole population,
the mean age was 63.5 years, median FPG
6.9 mmol/L (125 mg/dL), and median
A1C 6.4% (46 mmol/mol). The two randomized treatment groups were alike in
baseline characteristics. Eighty-eight percent of participants had either a prior diagnosis of diabetes (of mean duration of
5.4 years) or newly detected diabetes. The
12% without diabetes clearly differed
from those with diabetes in FPG and
A1C levels and also in other ways, including more frequent prior CV events, use of
alcohol, depression, and use of statins and
b-blockers.
Glycemic responses of participants
with and without diabetes
Median FPG. The median period of
follow-up on randomized treatment was
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6.2 years. The effect of treatment allocation on the responses of FPG and A1C
during treatment is shown in Fig. 1. For
participants without diabetes, the median
FPG (interquartile range) was 6.1 mmol/L
(5.5–6.4) prior to randomized treatment
(Fig. 1A). Standard care led to little
change of FPG in this subgroup, but insulin glargine caused a sustained decrease
to median values of 5.0 (4.5–5.5), 4.9
(4.4–5.5), 5.0 (4.5–5.7), and 5.1 mmol/L
(4.5–5.8) at 1, 2, 5, and 7 years. For participants with diabetes, the median baseline FPG was 7.2 mmol/L (6.2–8.4). With
standard care, the values at 2 years and
the end of treatment were 6.8 (5.9–8.1)
and 7.0 mmol/L (5.9–8.4) (Fig. 1B).
Treatment with glargine reduced median
FPG to 5.2 (4.6–5.9), 5.0 (4.4–5.8), 5.1
(4.5–6.1), and 5.3 mmol/L (4.5–6.4) after
1, 2, 5, and 7 years.
Median A1C. For participants without
diabetes, A1C changed little from baseline
with either regimen (Fig. 1C and Supplementary Table 1). With standard therapy,
the median A1C was 5.7% (5.4–6.1)
at baseline, 5.7% (5.4–6.1) at 1 year,
and 6.0% (5.6–6.4) after 5 years. For
glargine-treated participants, median
A1C was 5.7% (5.4–6.0) at baseline,
5.6% (5.3–5.9) at 1 year, and 5.8%
(5.5–6.1) at 5 years. For participants
with diabetes, the median A1C at baseline
was 6.6% (6.0–7.3) (Fig. 1D). During
standard care, the median A1C values at
1, 2, 5, and 7 years were 6.3 (5.8–7.0), 6.4
(5.9–7.0), 6.6 (6.1–7.3), and 6.6% (6.1–
7.3). Corresponding values during treatment with glargine declined to 6.0 (5.5–
6.5), 6.0 (5.6–6.6), 6.3 (5.8–6.9), and
6.3% (5.8–6.9). For comparison with
these median values, mean A1C during
treatment is also provided in Supplementary Table 1.
Percentages <7.0 and 6.5% A1C. Of
participants without diabetes at entry,
.90% sustained A1C levels ,7.0% (53
mmol/mol), and .75% achieved an A1C
,6.5% (48 mmol/mol) throughout randomized treatment with both regimens
(Fig. 2A and C). Of participants with diabetes, 66% had an A1C ,7.0% and 47%
had A1C ,6.5% before starting treatment
(Fig. 2B and D). During glargine treatment, the percentage in the diabetic subgroup achieving an A1C ,7.0% increased
to 88% at 1 year and 77% at 5 years, and
the percentage achieving an A1C ,6.5%
was 74% at 1 year and 60% after 5 years.
With standard care, the percentages in the
diabetic subgroup were 76% with A1C
,7.0% at 1 year and 66% at 5 years, and
care.diabetesjournals.org
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Table 1dBaseline characteristics of participants
Overall
All
Randomized
Age (years)
Females
Prior CV event
Hypertension
Current smoker
.2 drinks/week
.12 years education
Depression
ABI #0.9
FPG (mmol/L)
2-h PG (mmol/L)
A1C (%)
A1C (mmol/mol)
SBP (mmHg)
DBP (mmHg)
Grip strength (kg)
Weight (kg)
BMI (kg/m2)
Waist-to-hip, male
Waist-to-hip, female
Urine ACR (mg/g)
eGFR (mL/min)
ALT (units/L)
Total cholesterol
LDL (mmol/L)
HDL (mmol/L)
TG (mmol/L)
Statin
Thiazide
b-Blocker
ACE-I/ARB
Omega-3 FA

12,537
63 (8)
4,386 (35%)
7,378 (59%)
9,963 (79%)
1,552 (12%)
2,848 (23%)
4,739 (38%)
1,134 (9.0%)
971 (7.8%)
6.94 (6.06–8.20)
9.50 (8.17–11.56)
6.40 (5.81–7.18)
46 (40–55)
145.79 (21.77)
84.13 (12.07)
32.97 (13.29)
83.24 (17.03)
29.83 (5.25)
0.98 (0.09)
0.90 (0.09)
0.58 (0.28–2.11)
77.30 (21.29)
23.58 (13.24)
4.90 (1.20)
2.90 (1.03)
1.19 (0.32)
1.58 (1.10–2.20)
6,740 (54%)
2,371 (19%)
6,598 (53%)
8,681 (69%)
6,281 (50%)

Glargine
No diabetes

Diabetes

737
5,527
64 (8)
63.53 (7.77)
206 (28%)
1,876 (34%)
532 (72%)
3,180 (58%)
555 (75%)
4,419 (80%)
101 (14%)
680 (12%)
243 (33%)
1,175 (22%)
271 (37%)
2,111 (38%)
82 (11%)
481 (8.7%)
50 (6.8%)
420 (7.6%)
6.10 (5.50–6.40) 7.20 (6.20–8.40)
8.60 (7.80–9.61) 12.18 (10.45–14.13)
5.70 (5.40–6.00) 6.55 (6.00–7.29)
39 (36–42)
48 (42–56)
142.46 (20.32)
146.36 (21.67)
83.90 (11.77)
84.21 (12.03)
35.01 (14.07)
33.11 (13.47)
84.98 (15.30)
83.12 (16.94)
29.88 (4.85)
29.75 (5.21)
0.99 (0.09)
0.99 (0.09)
0.89 (0.08)
0.90 (0.09)
0.44 (0.24–1.00) 0.62 (0.28–2.40)
75.19 (17.43)
77.76 (21.19)
24.22 (14.19)
23.49 (13.02)
4.75 (1.11)
4.93 (1.21)
2.78 (1.02)
2.92 (1.04)
1.20 (0.31)
1.18 (0.32)
1.50 (1.10–2.20) 1.60 (1.12–2.22)
527 (72%)
2,846 (51%)
150 (20%)
997 (18%)
493 (67%)
2,780 (50%)
505 (69%)
3,825 (69%)
371 (50%)
2,753 (50%)

Standard therapy
P
0.661
0.001
,0.001
0.003
0.280
,0.001
0.455
0.031
0.430
,0.001
,0.001
,0.001
,0.001
,0.001
0.509
,0.001
0.002
0.516
0.535
0.055
,0.001
,0.001
0.205
,0.001
,0.001
0.300
0.207
,0.001
0.127
,0.001
0.705
0.787

No diabetes

Diabetes

719
5,554
63.77 (7.95)
63.51 (7.84)
240 (33%)
2,064 (37%)
510 (71%)
3,156 (57%)
528 (73%)
4,461 (81%)
84 (12%)
687 (12%)
216 (30%)
1,214 (22%)
276 (38%)
2,081 (37%)
89 (12%)
482 (8.6%)
37 (5.2%)
464 (8.4%)
6.10 (5.42–6.40) 7.17 (6.20–8.40)
8.70 (7.90–9.80) 12.20 (10.50–14.30)
5.71 (5.38–6.10) 6.51 (5.95–7.28)
39 (35–43)
48 (42–56)
142.56 (21.31)
146.08 (22.04)
83.15 (11.71)
84.20 (12.19)
33.27 (13.12)
32.53 (13.00)
83.89 (16.53)
83.04 (17.38)
29.60 (5.10)
29.92 (5.36)
0.97 (0.07)
0.99 (0.09)
0.89 (0.09)
0.90 (0.10)
0.43 (0.22–0.86) 0.61 (0.28–2.37)
75.83 (18.23)
77.31 (22.19)
24.23 (13.30)
23.51 (13.32)
4.70 (1.12)
4.92 (1.21)
2.70 (1.00)
2.92 (1.03)
1.22 (0.33)
1.19 (0.32)
1.50 (1.02–2.10) 1.60 (1.12–2.22)
500 (70%)
2,867 (52%)
137 (19%)
1,087 (20%)
485 (67%)
2,840 (51%)
479 (67%)
3,872 (70%)
343 (48%)
2,814 (51%)

P
,0.001
0.406
0.048
,0.001
,0.001
0.598
,0.001
0.632
0.001
0.003
,0.001
,0.001
,0.001
,0.001
,0.001
0.024
0.156
0.197
0.118
0.002
0.105
,0.001
0.046
0.188
,0.001
,0.001
0.047
,0.001
,0.001
0.742
,0.001
0.090
0.135

Clinical characteristics of participants at enrollment, by randomized treatment groups (insulin glargine or standard therapy), and by subgroups according to glycemic
status (diabetes or not diabetes). Values are given as percentage, mean (SD), or median (interquartile range) as appropriate. P values for differences between subgroups
with and without diabetes are shown. ABI, ankle-brachial pressure index; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; eGFR, estimated
glomerular ﬁltration rate; FA, fatty acid; PG, plasma glucose; SBP, systolic blood pressure.

58% with A1C ,6.5% at 1 year and 45% at
5 years.
Predictors of success in maintaining
mean A1C <6.5%
Associations of various clinical factors
with maintaining a mean level of ,6.5%
for up to 5 years are shown in Table 2.
Univariate associations with this outcome
are shown for all baseline characteristics.
Multivariable model 1, which included
baseline characteristics with a univariate
P , 0.1 for this association, displays several factors with independent associations
with maintaining A1C ,6.5%. These
were greater age, reported use of alcohol,
diagnosis of depression, lower A1C,
lower waist-to-hip ratio, greater grip
care.diabetesjournals.org

strength, lower albumin-to-creatinine ratio (ACR), lack of diabetes at baseline, and
perhaps lack of statin use (P = 0.053).
Model 2 included the baseline characteristics independently associated with
mean A1C ,6.5% in model 1 with a
P value ,0.05 as well as the effect of allocation to insulin glargine versus standard care. In model 2, greater age, use of
alcohol, depression, lower A1C, lower
waist-to-hip ratio, greater grip strength,
lower ACR, and lack of diabetes were signiﬁcant independent predictors. The
adjusted odds ratio (OR) for success in
maintaining A1C ,6.5% when using
glargine compared with standard care
was 2.98 (P , 0.001). In a further multivariable analysis not reported in detail

here, independent predictors of maintaining mean updated A1C ,7.0% during
5 years of treatment were similar. Greater
age, use of alcohol, lower A1C at baseline,
and lack of diabetes at baseline were independent predictors, and the OR for glargine
versus standard care was 2.41 (P , 0.001).
In an unadjusted subgroup analysis,
the glargine-based regimen was more
effective than standard care in all subgroups, including those with and without
diabetes at baseline, with ORs close to 2
and no overlap of 95% CIs with unity
(Supplementary Fig. 1). Three subgroup
comparisons showed a nominally signiﬁcant interaction with treatment assignment; glargine may have been modestly
more effective in participants with higher
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Figure 1dMedian FPG values and median A1C values at baseline, yearly during randomized treatment, and at the end of treatment are shown
separately for participants without diabetes (A for FPG, C for A1C) and with diabetes (B for FPG, D for A1C) at baseline. The group assigned to use
basal insulin glargine is shown by solid lines and solid circles, and the group assigned to standard care by broken lines and open circles. The numbers
at the bottom of each panel show the number of observations included at each point in time.
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waist-to-hip ratios (P = 0.011), greater
grip strength (P , 0.001), and moderate
use of alcohol (P = 0.029).
Glucose-lowering therapies and
conﬁrmed hypoglycemia
The usage of oral glucose-lowering agents
prior to randomization is listed in Supplementary Table 2. Less than 2% of participants with dysglycemia not meeting the
criteria of diabetes had used such agents
prior to entry, and none at the time of oral
glucose tolerance testing during screening. Of the participants with diabetes at
enrollment, 33% were taking no oral therapy, 31% were taking metformin, and
33% were taking a sulfonylurea. Supplementary Table 3 displays usage of oral
agents and insulin at the end of treatment.
Of the participants without diabetes at entry, 69% of those assigned to glargine and
0.3% of those assigned to standard care
were taking insulin at the end of the
study. At the end of follow-up, 21% of
those randomized to glargine and 29%
of those randomized to standard care
were taking one or more oral agents,
most often metformin (18 and 24%; P ,
0.003). Of the participants with diabetes
at entry, insulin was used at the end by
82% of those who were assigned to glargine treatment and by 12% of those assigned to standard care (P , 0.001). Oral
therapies were used by 71% of participants with diabetes assigned to glargine
and 88% of those assigned to standard
care (P , 0.001). Metformin was taken
by 51 and 65% of subjects in the glargine
and standard groups, respectively, and
sulfonylureas were used by 28 and 52%
(each ,0.001). Two or more oral agents
were taken by 14% of the glargine-treated
group and 42% of the standard care
group. The percentages of people with diabetes at enrollment having one or more
hypoglycemic episodes conﬁrmed by a
glucose test of ,3 mmol/L (,54 mg/dL)
was 10.5 per 100 person-years with glargine and 3.0 per 100 person-years with
standard treatment. The corresponding
frequencies for those without diabetes at
enrollment were 5.7 and 0.3 per 100
person-years.
Figure 2dPercentages of participants with A1C values ,7.0 and ,6.5% at baseline and yearly
during randomized treatment are shown separately for those without diabetes (A for ,7.0%, C for
,6.5%) and with diabetes (B for ,7.0%, D for ,6.5%) at baseline. The group assigned to use
basal insulin glargine is shown by solid lines and solid circles, and the group assigned to standard
care by broken lines and open circles.
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CONCLUSIONSdAs previously reported, the methods of therapy used in
ORIGIN maintained excellent control of
both FPG and A1C for at least 5 years of
follow-up in the whole study population
with dysglycemia. The present analysis
expands this demonstration by examining the subpopulations with and without
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Table 2dOR (95% CI) of maintaining a cumulative 5-year mean A1C <6.5%
Unadjusted
Age (per year)
Females
Prior CV event
Current smoking
Education .12 years
Alcohol .2/week
Depression
FPG (mmol/L)
A1C (%)
SBP (mmHg)
BMI (kg/m2)
Waist-to-hip (units)
Grip strength (kg)
Urine ACR (mg/g)
eGFR (mL /min)
ALT (units/L)
Statin
Thiazide
ACE/ARB
Omega-3 FA
Diabetes
Glargine allocation

Model 1
a

Model 2
a

1.014 (1.008–1.019) 1.014 (1.007–1.022)
0.879 (0.808–0.957)b 1.036 (0.894–1.199)e
1.153 (1.062–1.252)a 0.933 (0.832–1.046)e
0.861 (0.759–0.977)c 0.877 (0.746–1.032)e
1.135 (1.044–1.234)b 1.026 (0.921–1.143)e
1.727 (1.561–1.911)a 1.585 (1.391–1.807)a
1.457 (1.256–1.691)a 1.439 (1.193–1.736)a
0.713 (0.696–0.731)a 0.993 (0.963–1.023)e
0.191 (0.179–0.205)a 0.213 (0.197–0.230)a
0.997 (0.995–0.999)b 1.000 (0.998–1.003)e
1.000 (0.997–1.003)d
Excluded
0.371 (0.244–0.565)a 0.323 (0.185–0.562)a
1.009 (1.006–1.012)a 1.008 (1.003–1.013)b
0.994 (0.992–0.996)a 0.997 (0.995–1.000)c
0.999 (0.997–1.001)d
Excluded
1.002 (0.999–1.006)d
Excluded
1.244 (1.147–1.350)a 0.895 (0.800–1.001)e
1.132 (1.019–1.257)c 1.060 (0.928–1.210)e
0.975 (0.893–1.064)d
Excluded
1.007 (0.929–1.093)d
Excluded
0.102 (0.081–0.128)a 0.314 (0.244–0.404)a
Not assessed in model Not assessed in model

1.014 (1.007–1.021)a
Excluded
Excluded
Excluded
Excluded
1.612 (1.414–1.838)a
1.428 (1.180–1.727)a
Excluded
0.193 (0.179–0.208)a
Excluded
Excluded
0.273 (0.159–0.467)a
1.005 (1.000–1.009)c
0.998 (0.995–1.000)c
Excluded
Excluded
Excluded
Excluded
Excluded
Excluded
0.309 (0.240–0.399)a
2.975 (2.671–3.315)a

Model 1, all variables signiﬁcant at P , 0.1 from the univariable model were included and the others were
excluded; model 2, all variables signiﬁcant at P , 0.05 in model 1 plus glargine vs. standard care allocation
were included and the others were excluded; unadjusted, the OR shown is for only the variable in that row
without adjustment of other variables. ALT, alanine aminotransferase; ARB, angiotensin receptor blocker;
eGFR, estimated glomerular ﬁltration rate; FA, fatty acid; SBP, systolic blood pressure. aP , 0.001. bP , 0.01.
c
P , 0.05. dP $ 0.1. eP $ 0.05.

diabetes at baseline separately. In the subgroup without diabetes at baseline, there was
a small increase of median A1C from 5.7% (39
mmol/mol) initially to 6.0% (42 mmol/mol)
with standard care and to 5.8% (40 mmol/
mol) with glargine after 5 years of follow-up.
In those with diabetes at entry, median A1C
decreased slightly from the 6.5% (48 mmol/
mol) baseline after initiation of either glargine
or standard care, and then it slowly increased
with both treatments. After 5 years, the
median A1C was 6.6% (49 mmol/mol)
with standard care and 6.3% (45 mmol/
mol) with glargine. Relative stability of A1C
levels over time was not unexpected for
the subpopulation without diabetes, but
the ﬁnding that both treatment regimens
had sustained success in people with overt
diabetes at entry is reassuring. In contrast,
glycemic control steadily worsened over
the course of 5–10 years in some other
long-term studies of type 2 diabetes
(9–11). Sustained glycemic control in
ORIGIN presumably was related to the
use in each treatment arm of “treat-to-target”
schemes, which called for intensiﬁcation
of treatment in response to evidence of
rising levels of glucose. The dosage of
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glargine was systematically adjusted, seeking FPG levels #5.3 mmol/L, and metformin could be added to mitigate the risk of
hypoglycemia. Similarly, during standard
therapy, oral medications were added and
their dosage increased, with the aim of
keeping A1C below either 6.5 or 7.0%, depending on locally accepted guidelines. At
the end of treatment, 42% of those using the
standard regimen were taking two or more
oral agents, and 14% of participants assigned
to glargine therapy were doing so. Treatment
in the Belfast (9), UK Prospective Diabetes
Study (UKPDS) (10), and A Diabetes Outcome Progression Trial (ADOPT) (11)
studies, in contrast, was based on assignment to monotherapy regimens, including
diet alone, metformin, sulfonylurea, thiazolidinedione, or basal insulin, with escalation
of therapy only under certain conditions.
The glycemic control attained in
ORIGIN resembled that achieved in
Action in Vascular Disease: Preterax and
Diamocron Modiﬁed Release Controlled
Evaluation (ADVANCE) (17), Action to
Control Cardiovascular Risk in Diabetes
(ACCORD) (18), and Veterans Affairs Diabetes Trial (VADT) (19), other trials in
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which glucose-lowering therapies in the
intensive treatment groups were systematically adjusted seeking near-normal glycemic control. However, compared with
the population in ORIGIN, participants in
these studies had a longer duration of diabetes and in many cases established therapy with multiple glucose-lowering agents
prior to enrollment. The A1C levels attained in ADVANCE (6.5% [48 mmol/
mol]) and ACCORD (6.4% [46 mmol/
mol]) were close to those at baseline in
ORIGIN (6.5%), whereas those in VADT
were slightly higher (6.9% [52 mmol/
mol]). In all three studies, these values
were achieved by strenuous efforts to improve control from higher A1C levels
at baseline. Hence, maintenance of A1C
at or below near-normal entry levels in
ORIGIN contrasts with the other trials’ efforts to restore previously inadequate glycemic control. Keeping glycemic control
below a level associated with increasing
risk of diabetes complications by advancing therapy as needed may be a more desirable approach than the historically
common practice of allowing marked hyperglycemia to occur and then attempting
to reduce levels to a lower target (20–22).
This concept is in keeping with the recent
adoption of A1C 6.5% as one option for
timely diagnosis of diabetes to allow intervention to minimize the risk of complications (23,24).
This analysis also identiﬁed baseline
characteristics of ORIGIN participants
that were predictive of maintaining an
updated mean A1C from the ﬁrst year of
treatment to the end of treatment or
5 years of follow-up at ,6.5%. This measure of treatment success was selected because it was close to the median value at
entry to the trial and also reﬂects a level of
control now endorsed as a threshold for
diagnosing diabetes. Data after 5 years of
treatment were not included because of
the smaller numbers of participants who
had been in the study long enough to
complete 6 or 7 years. Individuals with
diabetes at baseline were understandably
less likely than those without diabetes to
have this level of success in controlling
A1C, having an adjusted OR of 0.309
(P , 0.0001). An association of longterm treatment success with lower baseline A1C, independent of the presence of
overt diabetes, was also demonstrated,
consistent with other studies. Other predictive factors included greater age, use of
alcohol more than two times weekly,
depression, lower A1C, and lower waistto-hip ratio (all P , 0.001). Less clearly
care.diabetesjournals.org
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associated factors were greater grip
strength (P = 0.038) and lower urinary
albumin excretion (P = 0.035). Speculative
explanations may be offered for these associations. Better success for individuals who
were older at enrollment might reﬂect
slower progression of the underlying defects of diabetes in those with later onset.
Lower waist-to-hip ratio, greater grip
strength (25), and lower albumin excretion
might be markers for better physical ﬁtness
and a lower burden of microvascular complications of diabetes. Moderate use of
alcohol may be associated with favorable
physiological patterns and reduced risk of
type 2 diabetes and mortality (26), and
participants who reported depression
might have been more willing to make
changes to reduce depression or otherwise
improve health-related behavior. Several
of these associations support the assumption that various behavioral characteristics
of participants inﬂuenced the success of
these treatment regimens in maintaining
glycemic control.
Finally, allocation to basal insulin
glargine with titration of dosage seeking
normal FPG levels led to a nearly threefold increase in the likelihood of maintaining mean A1C ,6.5% for 5 years.
Moreover, this effect was observed in subgroups representing characteristics that
were associated with success in maintaining A1C ,6.5% for 5 years. This observation is not surprising given that an
ambitious glycemic target for glargine titration, fasting glucose ,5.3 mmol/L, was
systematically sought. Experience in
ORIGIN showed that early use of this
basal insulin was able to both attain and
maintain this level of control of FPG, and
thereby keep A1C from rising above baseline levels (median 6.5% [48 mmol/mol])
for a majority of people with overt diabetes at baseline for up to 5 years (5-year
median 6.3% [45 mmol/mol], 60% of
participants ,6.5%). However, the shortand long-term risks versus beneﬁts of this
method of treatment relative to standard
care in ORIGIN are not yet well-deﬁned.
As previously reported (13,27), the use
of systematically titrated glargine in
ORIGIN was associated with 1.6-kg gain
of weight and 0.7% increased incidence of
severe hypoglycemia. These unwanted effects of seeking nearly normal glycemic
control were less prominent in ORIGIN
than in the trials in which participants had a
longer duration of diabetes and more elevated A1C levels at baseline (18,19). For
example, the mean gain of weight with
the intensive treatment regimen in the
care.diabetesjournals.org

VADT was 8.2 kg (19). Also, the annual
incidence of severe hypoglycemia with intensive treatment in ACCORD was 3.1%
(27), whereas it was 1.0% with basal insulin and 0.3% with standard therapy in
ORIGIN (13). Although maintenance of
nearly normal glycemic control for 5 years
may be predicted to delay the development
of complications of diabetes, the present
analysis lacks information about the predictors and consequences of hypoglycemia
and other unwanted effects of insulin glargine relative to standard care. Therefore,
further examination of data from ORIGIN
is needed to clarify the balance of risks to
potential beneﬁts from early intervention
with insulin glargine.
In conclusion, early intervention with
basal insulin glargine or with standard
care kept median A1C near the starting
level for at least 5 years in both the
subgroup without diabetes and the subgroup with diabetes at entry. Maintaining
the mean of yearly A1C measurements at
,6.5% (48 mmol/mol) was more often
accomplished when the initial A1C was
lower and with titrated basal insulin glargine than with standard care. However,
the risks versus beneﬁts of this approach
remain to be determined by further analyses and additional follow-up of ORIGIN
participants.
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