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ABSTRACT

BACKGROUND

Adding insulin to oral therapy in type 2 diabetes mellitus is customary when glyce-
mic control is suboptimal, though evidence supporting specific insulin regimens is
limited.

METHODS

In an open-label, controlled, multicenter trial, we randomly assigned 708 patients with
a suboptimal glycated hemoglobin level (7.0 to 10.0%) who were receiving maxi-
mally tolerated doses of metformin and sulfonylurea to receive biphasic insulin
aspart twice daily, prandial insulin aspart three times daily, or basal insulin de-
temir once daily (twice if required). Outcome measures at 1 year were the mean
glycated hemoglobin level, the proportion of patients with a glycated hemoglobin
level of 6.5% or less, the rate of hypoglycemia, and weight gain.

RESULTS

At 1 year, mean glycated hemoglobin levels were similar in the biphasic group
(7.3%) and the prandial group (7.2%) (P=0.08) but higher in the basal group (7.6%,
P<0.001 for both comparisons). The respective proportions of patients with a gly-
cated hemoglobin level of 6.5% or less were 17.0%, 23.9%, and 8.1%; respective
mean numbers of hypoglycemic events per patient per year were 5.7, 12.0, and 2.3;
and respective mean weight gains were 4.7 kg, 5.7 kg, and 1.9 kg. Rates of adverse
events were similar among the three groups.

CONCLUSIONS
A single analogue-insulin formulation added to metformin and sulfonylurea resulted
in a glycated hemoglobin level of 6.5% or less in a minority of patients at 1 year.
The addition of biphasic or prandial insulin aspart reduced levels more than the
addition of basal insulin detemir but was associated with greater risks of hypogly-
cemia and weight gain. (Current Controlled Trials number, ISRCTN51125379.)
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ADDITION OF INSULIN TO ORAL THERAPY IN TYPE 2 DIABETES

YPE 2 DIABETES MELLITUS IS A PROGRES-
sive condition in which the glycated hemo-
globin level rises inexorably over time and
the function of beta cells declines.»2 The mainte-
nance of nearly normal glycemic levels reduces
the risk of diabetic complications3- but is diffi-
cult to achieve, despite the administration of es-
calating doses of oral antidiabetic drugs, such as
metformin, sulfonylureas, and thiazolidinedi-
ones.®® Most patients eventually require insulin,®
which usually is added when glycemic control
with a regimen of oral antidiabetic agents be-
comes suboptimal.® The addition of insulin can
result in a clinically relevant improvement in a
patient’s glycated hemoglobin level.® However,
many patients do not reach targets for glycated
hemoglobin® with conventional insulin regimens,
and there is often concern regarding hypoglyce-
mia and weight gain. Large-scale, direct compari-
sons of various regimens of insulin analogues in
combination with oral antidiabetic agents have
been lacking.
Treating to Target in Type 2 Diabetes (4-T) is
a 3-year, multicenter, open-label, randomized, con-
trolled clinical trial. We report the results of the
first year, which compared the efficacy and
safety of adding analogue biphasic, prandial, or
basal insulin to the treatment of patients with
type 2 diabetes who had suboptimal glycemic con-
trol while receiving maximally tolerated doses of
metformin and sulfonylurea.

METHODS

PATIENTS

From November 1, 2004, to July 31, 2006, we re-
cruited men and women 18 years of age or older
who had had type 2 diabetes mellitus for at least
12 months and who had not been treated with
insulin. Recruitment took place in 58 clinical
centers in Ireland and the United Kingdom. All
patients had suboptimal glycemic control (a gly-
cated hemoglobin level of 7.0 to 10.0%) while re-
ceiving maximally tolerated doses of metformin
and sulfonylurea for at least 4 months (or one
agent if the other was not tolerated) and had a
body-mass index (the weight in kilograms divid-
ed by the square of the height in meters) of 40.0 or
less. Exclusion criteria were a history of thiazoli-
dinedione therapy or triple oral antidiabetic treat-
ment within the previous 6 months, sight-threat-
ening retinopathy, a plasma creatinine level of

1.47 mg per deciliter (130 wmol per liter) or more,
cardiac disease (a history of unstable angina or
myocardial infarction within the previous 6 months
or New York Heart Association class III or IV con-
gestive heart failure), hepatic disease or an ala-
nine aminotransferase level at least two times as
high as the upper limit of the normal range, un-
awareness of hypoglycemia or recurrent major hy-
poglycemia, anticipated changes in concomitant
medication affecting glucose regulation, uncon-
trolled hypertension (systolic pressure >180 mm Hg
or diastolic pressure 2105 mm Hg), and the likeli-
hood of pregnancy.

All patients provided written informed consent
and confirmed their willingness to inject insulin
and perform glucose self-monitoring. The proto-
col was approved by local and national ethics and
regulatory agencies and was implemented in ac-
cordance with provisions of the Declaration of
Helsinki and Good Clinical Practice guidelines.

STUDY DESIGN
The Diabetes Trials Unit ran the study with the
use of an online trial-management system, Macro,
version 3 (Infermed), which was configured to
validate data on entry, acquire laboratory results
electronically, and track adherence to the proto-
col. Randomization was performed in permuted
blocks of six according to center with the use of
an interactive voice-response system. A total of
235 patients were assigned to receive twice-daily
biphasic insulin aspart 30 (NovoMix 30), 239 to
receive thrice-daily prandial insulin aspart (Novo-
Rapid), and 234 to receive once-daily (twice if
required) basal insulin detemir (Levemir). All
three preparations were supplied by Novo Nor-
disk in 3-ml disposable-pen devices (FlexPen).

The steering committee that supervised the
study consisted of five academic members who
designed the trial, one lay member, and three rep-
resentatives of the sponsor. Data (with the excep-
tion of data regarding safety) were held and ana-
lyzed only by the Diabetes Trials Unit. All authors
had full access to the data and vouch for its ac-
curacy and integrity.

INSULIN INITIATION AND TITRATION
The trial-management system estimated start-
ing doses of insulin according to the following
formulas**: for men, [(fasting plasma glucose
[mmol/liter] —5) x 2] x (weight [kg] + (14.3 x height
[m]) —height [m]); for women, [(fasting plasma
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glucose [mmol/liter] —5) x 2] x (weight [kg] + (13.2 x
height [m]) — height [m]).

Patients injected biphasic insulin twice daily,
prandial insulin immediately before meals, and
basal insulin at bedtime. Visits with patients were
scheduled at 2, 6, 12, 24, 38, and 52 weeks, with
interim telephone contact. For each visit and tele-
phone contact, patients were asked to perform in
advance three capillary glucose profiles (Medi-
sense Optium, Abbott) obtained before break-
fast and before the evening meal for patients in
the biphasic and basal groups and before meals
and 2 hours after meals and at bedtime in the
prandial group. Using these glucose readings and
self-reported hypoglycemia, the trial-management
system suggested changes in insulin doses, aiming
for values before meals of 72 to 99 mg per deci-
liter (4.0 to 5.5 mmol per liter) and values 2 hours
after meals of 90 to 126 mg per deciliter (5.0 to
7.0 mmol per liter). A morning basal dose was
advised, either when glucose readings were at tar-
get before breakfast but not before the evening
meal and when nocturnal hypoglycemia limited
dose increases at bedtime (for details, see Table
1 of the Supplementary Appendix, available with
the full text of this article at www.nejm.org).

Investigators and patients were encouraged to
vary suggested insulin doses if such a change was
deemed to be appropriate and to amend doses
between visits if necessary. Hypoglycemia was
categorized as grade 1 if a patient had symp-
toms with a self-measured capillary glucose level
of 56 mg per deciliter (3.1 mmol per liter) or more,
grade 2 (minor) if the patient had symptoms with
a self-measured capillary glucose level of less than
56 mg per deciliter, or grade 3 (major) if third-
party assistance was required.

If unacceptable hyperglycemia (a glycated he-
moglobin level of more than 10.0% or two con-
secutive values of 8.0% or more) occurred at or
after 24 weeks of therapy, a second type of insu-
lin was added and sulfonylurea (if the patient was
taking it) was discontinued. Aspart was added
with the midday meal to biphasic insulin, detemir
was added to prandial insulin at bedtime, and
aspart was added three times daily with meals to
basal insulin.

BIOCHEMICAL AND CLINICAL MEASUREMENTS
Investigators recorded any diabetic complications
and race (as reported by patients) at study entry.

Blood pressure was measured at baseline and at
24 and 52 weeks, waist circumference at baseline
and at 52 weeks, and body weight at all visits ex-
cept at week 2. Body-mass index was calculated
at baseline. A quality-of-life questionnaire, the
EuroQol Group 5-Dimension Self-Report Ques-
tionnaire,'? was administered at baseline and at
12 and 52 weeks.

Glycated hemoglobin levels were measured,
eight-point glucose profiles were requested, and
the ratio of urinary albumin to creatinine was
calculated at baseline and at 12, 24, 38, and 52
weeks; plasma creatinine levels were measured
at baseline and at 2, 6, 12, 24, 38, and 52 weeks;
and lipid levels and alanine aminotransferase lev-
els were measured at baseline and at 52 weeks.
Plasma samples were sent by overnight surface
mail at ambient temperatures to a central labo-
ratory. Glycated hemoglobin was measured by
high-performance liquid chromatography (Biorad
Variant II, Biorad) (normal range, 4.5 to 6.2%),
and plasma insulin by enzyme-linked immuno-
sorbent assay (Dako). An Olympus AU400 analyzer
(Olympus Optical) was used to measure levels of
low-density lipoprotein cholesterol (Genzyme
kit, Biostat), high-density lipoprotein cholesterol
(Olympus HDL-cholesterol kit), and triglycerides
(glycerol phosphate oxidase-p-aminophenazone
[GPO-PAP]); urinary albumin was measured by
immunoturbidimetry, urinary creatinine by the
Jaffe method, and alanine aminotransferase by a
kinetic ultraviolet test.

PRIMARY AND SECONDARY OUTCOMES
The primary outcome was the glycated hemoglo-
bin level at 1 year. Secondary outcomes were the
proportion of patients with a glycated hemoglo-
bin level of 6.5% or less, the proportion of patients
with a glycated hemoglobin level of 6.5% or less
but without hypoglycemia (grade 2 or more) dur-
ing weeks 48 to 52, the rate of hypoglycemia,
weight gain, the eight-point self-measured capil-
lary glucose profile, the proportion of patients
requiring twice-daily detemir insulin, the propor-
tion of patients with unacceptable hyperglyce-
mia, the ratio of albumin to creatinine, and qual-
ity of life.

STATISTICAL ANALYSIS
We calculated that 198 patients per study group
would need to be enrolled to detect an absolute
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difference of 0.4% in the achieved glycated hemo-
globin level, assuming an SD of 1.1% on the basis
of trial data regarding detemir insulin,** with a
power of 95%. The recruitment target was 700 pa-
tients (233 per group), allowing for a discontinu-
ation rate of 15%.

Missing data were imputed with the use of
the Bayesian Markov chain Monte Carlo multiple-
imputation technique.** All analyses were ad-
justed according to clinical center. Mixed regres-
sion models'> were used for continuous data, with
baseline values, oral antidiabetic agents, and gly-
cated hemoglobin levels as covariates. Mixed-effect
logistic models were used for the proportion of
patients who had glycated hemoglobin levels of
6.5% or more or 7.0% or more, with calculations
repeated for patients with baseline glycated he-
moglobin levels of 8.5% or less or more than
8.5%, and with baseline values, oral antidiabetic
agents, and baseline glycated hemoglobin levels
as potential covariates. The proportion of patients
with hypoglycemia was analyzed in a similar
fashion without adjustment. Generalized mixed-
effect models with Poisson and negative bino-
mial distributions were used for rates of hypo-
glycemia, and an approach with unstructured
correlation was used for self-measured capillary
glucose profiles, with baseline values and oral
antidiabetic agents as covariates. Ratios of uri-
nary albumin to creatinine were analyzed with
the use of a generalized mixed-effect model with
gamma distribution, adjusted for baseline values,
oral antidiabetic agents, and glycated hemoglo-
bin levels. Quality-of-life data are presented as
Winsorized means with 95% confidence inter-
vals, with a Kruskal-Wallis analysis of variance
for treatment comparisons.

A prespecified closed-test procedure allowed
for a pairwise comparison of groups only if the
overall treatment effect was significant. A two-
sided P value of less than 0.05 was considered to
indicate statistical significance; all P values are
based on adjusted analyses but have not been
adjusted for multiple testing.

RESULTS

PATIENTS
Of 936 patients who underwent screening, 708
were assigned randomly at baseline to the three
study groups (Fig. 1). The patients had a mean

(£SD) age of 61.7+9.8 years and a median dura-
tion of disease of 9 years; most were white and
overweight, with no significant differences in
baseline variables among the groups (Table 1).

The total numbers of patients who did not
complete 52 weeks did not differ significantly
among the biphasic group (13 of 235, or 5.5%),
the prandial group (17 of 239, or 7.1%), or the
basal group (10 of 234, or 4.3%) (P=0.40 for all
comparisons). However, of these patients, 13 in
the prandial group (5.4%) withdrew from the
study, as compared with 4 in the biphasic group
(1.7%) and 3 in the basal group (1.3%) (P<0.002
for all comparisons). Demographic, anthropomet-
ric, and metabolic characteristics of the 40 pa-
tients who did not complete the study (Fig. 1)
differed from those of patients who continued
only in that they had a lower median triglyceride
level (113 vs. 137 mg per deciliter [1.3 vs. 1.6
mmol per liter], P=0.02).

Starting insulin doses were 2 to 76 IU per day.
In the subsequent 2 weeks, mean rates of grade
2 hypoglycemia were 0.045 event per patient per
week in the biphasic group, 0.031 event in the
prandial group, and 0.024 event in the basal group;
there were no grade 3 episodes. During the study,
the percentages of patients whose prescribed in-
sulin doses were within +10% of the recommen-
dation of the trial-management system averaged
89.7% in the biphasic group, 80.4% in the prandial
group, and 90.2% in the basal group. The median
number of capillary glucose readings before visits
were 9.5 (interquartile range, 6 to 12) in the bi-
phasic group, 14 (interquartile range, 9 to 18) in
the prandial group, and 9 (interquartile range, 6 to
12) in the basal group. Of patients assigned to re-
ceive basal insulin, 79 (33.8%) required additional
morning injections. The number of patients with
unacceptable hyperglycemia at or after 24 weeks
who required injection of a second type of insu-
lin differed according to the study group: 21 pa-
tients in the biphasic group (8.9%), 10 in the
prandial group (4.2%), and 42 in the basal group
(17.9%) (P<0.001 for all comparisons).

PRIMARY OUTCOME
The maximal reduction in the mean glycated he-
moglobin level occurred by 24 weeks and then
remained stable (Fig. 2A). At 52 weeks, the re-
duction from baseline was 1.3% in the biphasic
group, 1.4% in the prandial group, and 0.8% in
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936 Patients were screened

9 Declined to participate
3 Withdrew consent
4 Were unwilling to inject insulin

219 Were excluded (could have more than one reason)
126 Had glycated hemoglobin <7% or >10%
27 Had plasma creatinine =1.47 mg/d|
20 Had alanine aminotransferase >3 times the
upper limit of normal

11 Had body-mass index >40
8 Had previously received insulin
7 Were not receiving maximally tolerated oral

2 Were unwilling to perform self-
monitored capillary glucose
measurements

antidiabetes agents

6 Had had diabetes for <1 yr

5 Had received thiazolidinediones within 6 mo

5 Had uncontrolled hypertension

5 Had received oral therapy for <4 mo

4 Had received oral therapy with 3 or more drugs
within 6 mo

8 Had other reasons

708 Underwent randomization

235 Were assigned to

239 Were assigned to
biphasic insulin prandial insulin

234 Were assigned to
basal insulin

13 Discontinued
2 Had adverse

10 Discontinued

17 Discontinued 1 Had poor clinical

event

3 Died

2 Had protocol
violation

2 Were lost to
follow-up

4 Withdrew parti-

B response
1 Di
ed 4 Had adverse
2 Had protocol
violation event
1 Had protocol
1 Was lost to 'ad p
violation
follow-up

13 Withdrew parti-

cipation

1 Lost access to
center
3 Withdrew parti-

cipation

cipation

222 Completed 1 yr

222 Completed 1 yr

224 Completed 1 yr

Figure 1. Enrollment and Outcomes.

the basal group (Fig. 2A and 2B). At that time,
the difference between the levels of 7.3% in the
biphasic group and 7.2% in the prandial group
were not significant (P=0.08), but the level was
higher (7.6%) in the basal group (P<0.001 for both
comparisons with the basal group) (Table 2 and
Fig. 2A and 3A).

SECONDARY OUTCOMES
The proportion of patients with a glycated hemo-
globin level of 6.5% or less at 1 year differed
among the groups (P<0.001 for all comparisons).

The proportions of patients in the biphasic group
(17.0%) and the prandial group (23.9%) did not
differ significantly (P=0.08), but the proportion
in the basal group was lower (8.1%) than that in
either other group (P=0.001 for the comparison
with the biphasic group and P<0.001 for the com-
parison with the prandial group). The corre-
sponding proportions of patients with a glycated
hemoglobin level of 7.0% or less also differed
significantly between the basal group (27.8%) and
each of the two other groups (biphasic group,
41.7%; prandial group, 48.7%; P<0.001 for both
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comparisons). Among patients with a glycated he-
moglobin level of 6.5% or less, proportions with-
out hypoglycemia (grade 2 or more) during weeks
48 to 52 were 21 of 40 (52.5%), 25 of 57 (43.9%),
and 15 of 19 (78.9%) in the biphasic, prandial, and
basal groups, respectively (P=0.001).

Among patients with a baseline glycated he-
moglobin level of 8.5% or less, there was no
significant difference in the likelihood of achiev-
ing values of 6.5% or less between the prandial
group and the biphasic group (odds ratio for the
prandial group, 1.76; 95% confidence interval
[CI], 0.96 to 3.26; P=0.07) or between the basal
group and the biphasic group (odds ratio for the
basal group, 0.50; 95% CI, 0.24 to 1.03; P=0.00).
Patients with a baseline glycated hemoglobin
level of more than 8.5% were less likely to have
values of 6.5% or less in the basal group than in
the biphasic group (odds ratio for the basal group,
0.21; 95% CI, 0.07 to 0.65; P=0.007), but patients
in the prandial group did not differ significantly
from those in the biphasic group (odds ratio for
the prandial group, 1.24; 95% CI, 0.62 to 2.51;
P=0.54).

Patients generally gained weight on all regi-
mens, with a greater increase in the prandial
group than in the biphasic group and in the bi-
phasic group than in the basal group (Fig. 2C
and 3A and Table 2). Results were similar among
patients with a glycated hemoglobin level of 6.5%
or less at 52 weeks.

Self-measured capillary glucose profiles im-
proved on all regimens (Fig. 2D and 3A), but over-
all mean values and those recorded at 3 a.m. did
not differ significantly (Table 2). The reduction
in the mean fasting plasma glucose value was
greater in the basal group than in the biphasic
group and greater in the biphasic group than in
the prandial group. Conversely, the reduction in
the mean postprandial glucose level was greater
in the prandial group than in the biphasic group
and greater in the biphasic group than in the
basal group.

Median insulin doses increased steadily over
the year (Fig. 2E). At 52 weeks, the doses were
similar in the biphasic group and the basal group
but higher in the prandial group (Table 2).

Median rates of hypoglycemia (grade 2 or more)
varied little during the 52-week period but were
higher in the prandial group than in the biphasic
group and higher in the biphasic group than in

the basal group (Fig. 2F and 3B and Table 2). The
mean numbers of hypoglycemic events per patient
per year were 5.7 in the biphasic group, 12.0 in
the prandial group, and 2.3 in the basal group.

ADVERSE EVENTS
Four patients died during the first year of the
study, three in the biphasic group (from heart
failure, myocardial infarction, and ischemic heart
disease) and one in the prandial group (from myo-
cardial infarction). The proportions of patients
with serious adverse events did not differ among
the study groups (P=0.25 for all comparisons),
nor did the number of adverse events (P=0.37)
(Table 3). No clinically relevant changes occurred
in levels of plasma creatinine or alanine amino-
transferase, although the difference in creatinine
was statistically significant (Table 2). At 1 year,
elevated levels of fasting plasma insulin (more than
three times the upper limit of the normal range)
occurred more frequently in the biphasic group
(16 of 167 patients, or 9.6%) than in either the
prandial group (5 of 179 patients, or 2.8%) or the
basal group (3 0of 167 patients, or 1.8%) (P=0.004),
although no discernible effects on glycemic con-
trol or hypoglycemia were observed. Two patients
discontinued metformin therapy according to the
study protocol after two successive measures of
plasma creatinine showed values of more than
1.7 mg per deciliter (150 umol per liter).

DISCUSSION

At 1 year, the first phase of the 3-year 4-T trial
showed that three different analogue insulin regi-
mens, when added to metformin and sulfonyl-
urea therapy in patients with type 2 diabetes mel-
litus, were associated with clinically relevant and
sustainable reductions in glycated hemoglobin
levels. However, target levels were achieved in a
minority of patients overall, with 16% having a
level of 6.5% or less and 39% having a level of
7.0% or less. Biphasic and prandial regimens
lowered glycated hemoglobin to the same extent
and to a greater degree than the basal regimen,
although no significant differences were seen
among the groups for patients with a baseline
glycated hemoglobin level of 8.5% or less. Glu-
cose lowering was achieved at the expense of
weight gain and an increased risk of hypoglyce-
mia, particularly with the biphasic and prandial
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Table 1. Characteristics of the Patients at Baseline.*
Biphasic Insulin  Prandial Insulin Basal Insulin All Patients
Characteristic (N=235) (N=239) (N=234) (N=708)
Demographic
Male sex — no. (%) 159 (67.7) 152 (63.6) 143 (61.1) 454 (64.1)
Age —yr 61.7+8.9 61.6+10.5 61.9+10.0 61.7+9.8
Duration of diabetes — yr
Median 9 9 9 9
Interquartile range 6-12 6-14 6-12 6-13
Race — no. (%)t
White 221 (94.0) 214 (89.5) 218 (93.2) 653 (92.2)
Mixed 1(0.4) 4(1.7) 2(0.9) 7 (1.0)
Asian 11 (4.7) 15 (6.3) 9 (3.8) 35 (4.9)
Black 2(0.9) 5(2.1) 2(0.9) 9 (1.3)
Other 0 1(0.4) 3(13) 4(0.6)
Current smoker — no. (%) 33 (14.0) 43 (18.0) 33 (14.1) 109 (15.4)
Alcohol consumption (units/wk)
Median 6 5 4 5
Interquartile range 2-12 2-12 2-12 2-12
Clinical
Use of oral antidiabetic medication — no.
Metformin only 4 0 2 6
Sulfonylurea only 10 12 8 30
Both metformin and sulfonylurea 221 227 224 672
Blood pressure — mm Hg
Systolic 139+17 138+17 138+17 138+17
Diastolic 80+9 78+10 78+9 79+10
Coexisting conditions — no. (%)
Retinopathy 34 (14.5) 45 (18.8) 43 (18.4) 122 (17.2)
Neuropathy 41 (17.4) 55 (23.0) 39 (16.7) 135 (19.1)
Macroangiopathy 52 (22.1) 42 (17.6) 44 (18.8) 138 (19.5)
Nephropathy 21 (8.9) 24 (10.0) 23 (9.8) 63 (9.6)
EuroQol Group 5-Dimension Self-Report
Questionnaire scoref
Winsorized mean 0.81 0.79 0.78 0.79
95% Confidence interval 0.78-0.84 0.76-0.82 0.75-0.82 0.78-0.81
Anthropometric
Weight — kg 86.9+16.8 84.9+14.4 85.5+16.3 85.8+15.9
Body-mass index 30.2+4.8 29.6+4.5 29.7+4.6 29.8+4.6
Waist circumference — cm
Men 104+12 102+11 104+12 103+12
Women 98+13 100+11 97+12 98+12
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Table 1. (Continued.)

Variable (N=235)
Biochemical
Glycated hemoglobin — % 8.6+0.8
Self-measured capillary glucose — mg/d|
All time points excluding 3 a.m. 202+47
Fasting plasma 175£50
Postprandial 229+54
At3am. 171+58

Cholesterol — mg/dl

High-density lipoprotein 39.8+9.7
Low-density lipoprotein 97+27
Triglycerides — mg/dI
Median 139
Interquartile range 103-189
Ratio of albumin to creatinine
Men
Median 133
Interquartile range 7.1-44.2
Women
Median 12.4
Interquartile range 6.2-66.3
Starting insulin dose
Recommended dose — U/day
Median 16
Interquartile range 10-26

Biphasic Insulin  Prandial Insulin

Basal Insulin All Patients
(N=239) (N=234) (N=708)
8.6+0.8 8.4+0.8 8.5+0.8
200+49 196+43 200+47
173+49 171+47 173+49
227456 223+50 227+54
164+59 164+56 166+58
39.1+9.3 39.8+9.7 39.4+9.7
93+27 89+27 93+27
133 135 135
102-201 101-195 102-196
18.6 10.6 13.3
7.1-48.6 4.4-46.0 6.2-45.1
11.5 9.7 11.5
4.4-345 5.3-26.5 5.3-354
18 16 16
9-24 10-24 10-24

* Plus—minus values are means +SD. To convert the values for glucose to millimoles per liter, multiply by 0.05551. To
convert the values for cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for triglycerides to
millimoles per liter, multiply by 0.01129. To convert the values for the ratio of albumin to creatinine to milligrams per
millimole, multiply by 0.113. The body-mass index is the weight in kilograms divided by the square of the height in meters.

7 Race was reported by the patient.

1 The presence of retinopathy, neuropathy, macroangiopathy, or nephropathy was determined by the investigator.
§ Scores on quality of life, as assessed by the patient, range from -0.59 to 1.00, with lower scores indicating a poorer

quality of life.

regimens. Prandial insulin lowered glycated he-
moglobin to the same extent as biphasic insulin
but with twice the number of episodes of hypo-
glycemia and an increase in weight gain of 21%.
This information might help clinicians choose a
regimen for individual patients.

Our trial compared three distinct insulin-ini-
tiation regimens, including a prandial regimen
that is popular in some countries and supported

by trial evidence.*®1” In addition, our trial will
continue for 3 years, whereas most similar stud-
ies have been of shorter duration.'®?5 Short-term
trial results can be transient and misleading, as
shown in the LANMET study?® (comparing insu-
lin glargine [Lantus] plus metformin with neutral
protamine Hagedorn [NPH] insulin plus metfor-
min), in which a lower hypoglycemic rate at 12
weeks was not seen at 36 weeks.
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Figure 2. Primary and Secondary Outcomes at 1 Year.

Panel A shows mean levels of glycated hemoglobin in the three study groups. Panel B shows the proportion of pa-
tients in each group whose glycated hemoglobin values were below various levels, as compared with the distribution
of values for all patients at baseline. Panel C shows mean body weight. Panel D shows eight-point self-measured
capillary glucose values, with box-and-whisker plots representing medians and interquartile ranges and the 10th
and 90th percentiles. Horizontal lines represent titration targets for fasting plasma glucose (99 mg per deciliter)
and 2-hour postprandial levels (126 mg per deciliter). Panel E shows median insulin doses. Panel F shows the pro-
portion of patients who reported grade 2 or grade 3 hypoglycemic events. I bars denote 90% confidence intervals.

Starting insulin doses in our trial that were
patient-specific and algorithm-derived were not
associated with major hypoglycemia. In our study,
the three regimens of single-insulin formulations
showed a limited ability to achieve targets for
glycated hemoglobin, though the results in the
biphasic group were similar to the results in

other studies.'>2%27 Adherence to the recom-
mended insulin doses was uniformly good for
all regimens, but the algorithm used in our study
(Table 1 of the Supplementary Appendix) did
not increase the insulin doses if hypoglycemia
(grade 2 or more) was reported during a clinical-
ly relevant time period. However, insulin doses

N ENGL J MED 357;17 WWW.NEJM.ORG OCTOBER 25, 2007

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



ADDITION OF INSULIN TO ORAL THERAPY IN TYPE 2 DIABETES

100°0>
VN

100°0>

VN

VN
100°0>
100°0>

100°0>
100°0>

100°0>

|eseq

‘SA |elpueld

100 2000
VN VN
10°0 ¢00°0
VN VN
VN VN
100°0> 100°0>
100°0> 80°0
1000 80°0
100°0> 80°0
100°0> 800
|eseq |elpueld
'snoiseydig 'snoiseydig

anjeA d

¥0°0
01’0

¥0°0

[44]

00
100°0>
100°0>

100°0>
100°0>

100°0>

0co10

0co10

09010
0¢

(1) v
(2'8v) v11
(67€2) €L1

(T'g) 61

(822 59

0'T+8'0—
0'TF9L

(rez=N)
ulnsu| |eseg

081 010°¢
08

0
LLT0Y 6T
08

761 910°¢
08

(£'9) o1
(£°06) ST
(z'96) 67T

0'TF¥' 1~
60FC’L

L(ggz=N)
ulnsuj |eipueid

060101
6'¢

0
060101
6'¢

TTIT90'T
0'S

(£9) 11
(9'92) 081
(6'16) 91T

T1+¢'T-
6°0F¢L

(sez=N)
unsuj oiseydig

a8ues aj1enbiayul
uelpa\

4o ZapeiD

€9peio
a3uels aj1uenbiayul
UeIpa

¢ 3peid
a3ues a|1uenbiayul
ueIpa

T9pesd

sjuaned ||y

1k [1uaned/ ou — sjuana o1wadA|3odAH

Aluo ¢ apeun
€10 Z apein
€10 ‘7 ‘T 9peID
(%) "ou — e1wadA|3odAH
%5°9>
%0°L>
(%) ~ou — uiqojBowiay pa3ek|
S9WO02IN0 JBYIO
aul|aseq wody a5ueyd anjosqy
SI9IM 76 1Y
9% — u1qo|3oway pajedf|H

awodino Kiewd

d|qeue

%' 1e9 T 1€ duljdseg woly saduey) pue sewodINQ z d|qeL

1725

N ENGLJ MED 357;177 WWW.NEJM.ORG OCTOBER 25, 2007

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.
Copyright © 2007 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

VN
100°0>
100°0>

VN

VN

00

800°0

VN
VN

VN

VN

|eseq

"SA |elpueId

VN VN
100°0> 100°0>
100°0> 100°0>

VN VN

VN VN

6¥°0 9000

¥6°0 900°0

VN VN

VN VN

VN VN

VN VN
|eseg |elpueld

'snoiseydig ‘snoiseydig

anjeA d

L¥'0

100°0>

100°0>

€9°0

87°0

¥0°0

8000

660
150

860

090

T|lesan0

0£F0v—
YSFLY-
CSF6S-
EvFey—

18°003162°0
8.0
€£°0017¢°0
6¥°0
(AR 14

[44

67010
0t

67010

0t

[ARN
6'¢

(rez=N)
uijnsuj |eseg

65FYe-
ySFE]-
6yFeC-
EVFG9-

6£°001¢€L0
9.0

88°001£€0
190

8L 03 y¢
9s

00C016C
L8

0
00C010C
08

0'1Z010¢C
8L

L(ggz=N)
uljnsuj |eipuelid

0LFCS- ‘W'e €y
£9¥89- |eipuedisod
9GFSy- Sunseq
ySF6S- ‘w-e ¢ Suipnpxa sjurod awiy ||y
|p/8w — as0on|3 Aie|jided painseaw-jjas ul aguey)
08°001¢L0 |BAISIUI @DUBPIUOD) 966
90 UBSW pP3aZLIOSUIA
{1005 asreuuonsand
1oday-4|as uoisuawig-§ dnoin jodoing
0£0019¢°0 a3ueu sj1paenbisju)
€5°0 uelIpaj
B4/Aep/n
T£ 01 0€ a3ueu ajiuenbiaju|
8y uelIpajy
Aep/n
asop ulnsu|
8TI1016°1 a3uel a|14enbiayu|
oy uelpaN
€10 Z 9pesD
0 ¢ apein
PI1016T a3ueu aj1uenbiayu|
(V84 uelIpajy
(A0
8CI01GT a3ueu aj1uenbiayu|
'S uelIpaj
T9opeid
%695 |[2A9] ulqojSoway paiedA|3 e yum sjuaiied
(sez=N) 9|qeueA

unsuj oi1seydig

(‘panunuod) z s|qeL

N ENGLJ MED 357;177 WWW.NEJM.ORG OCTOBER 25, 2007

1726

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.
Copyright © 2007 Massachusetts Medical Society. All rights reserved.



ADDITION OF INSULIN TO ORAL THERAPY IN TYPE 2 DIABETES

*3)1] Jo Ayjenb uaiood e 3unedipur $2103s Jamo| yIm ‘00T 01 65°0- Woly a8ues ‘Juaned ay) Aq passasse se ‘)1 jo A1ljenb uo sai0ds §

Ut\_muftcm_m SEM 103)J° PCUEPNOH—

||e4aA0 a3 Ji Ajuo sdnoud jo uosiedwod asimiled e 1oj pamo||e ainpadoid 1s93-paso|d payidadsaid vy Jeak T 1e sdnoid usamiaq suosiiedwod ||eiano ay) 4oy aue A103a1ed SIY} Ul sanjeA d .

‘ejep 3uissiw jo uoreindwil ays Joj e1ep uapiynsul pey dnoad |eipueld ayi ul Jusned auQ L
*3|qeorjdde jou sajousp YN "€1T1°0 A9 A|diyjnwi ‘sjowijjiw ad stueadijji 03 aUIUIIE3D 0] UILUNG|E JO Ol By} 40 SAN|BA dY} LAAUOD O] $'88 Aq A|diynwi ‘4931 Jad sajowoiniw

01 dUIUIEID JOJ SAN|BA 3] LAUOD O] “6ZTTO°0 Aq A|diajnwi 4a11| Jad sajowl||iw 01 saplLadA|31i) 40} San|eA 3yl 1aAUOD 0] 985700 Aq A|dijnwi 4211 Jad SajoLul||iL 01 |0421S3|0YD 10} SaN
-|BA Y} H2AUOD 0] ‘16550°0 Aq A|diinwi 4a31| 4ad sajowij|iw 03 9500N|3 10 SAN|BA BY] UIAUOD O ,,'anbiuyda) uoneindwi-ajdinnw e Jo asn ays yum paynduwi aiam erep 3uissiy Adesayy
J119qeIpIUE [BJO PUEB ‘|A3| UIqo|oway paledA|3 aul|aseq ‘191uad Joj palsnipe aiam sanjeA d ‘4eak T 01 auljaseq woly sa3ueyd Se UAIZ San|eA || 104 ‘ST SUBIW dJe SAN|BA SNUILW-SN|d x

€00

VN

VN

VN
VN
100°0

¥00°0
2000

100°0>
100°0>

8000

VN

VN

VN
VN
Ly'0

10
LT°0

100°0>
100°0>

90

VN

VN

VN
VN
100°0>

010
010

690
S00°0

<00

€60

£0°0

S0°0<
910
2000

100
100

100°0>
100°0>

T1T°0¥20°0
€01 8-
-

L'T019°0T~
8'1-

6 0} vy~

€Ty

9v¥80+

0T+¢-
8TFy—

¢T°0¥S0°0
¥ 019-
-

7901 ¥CT-
60~

LT 0} G¢-
m|

£CF0+
IR WA

TT¥0+
9T¥0+

60°0FS0°0
¥ 019-
-

L'69010°8-
60~

8T O} -
m|

€CF8-
0'§Fy'0+

|p/Sw — auiuireasd ewse|d ur adueyd
a3uel aj1uenbiayul
UelIpay

M| — 9SeJajsueIjOUILIE SuUIUE|e Ul 93UBYD)
a3ues aj1uenbiayuy
UEeIp3\

aUIUIEaID 0} UIWING|e 4O Oljed Ul a8ueyD
a3ues a|1uenbiayul
UeIpa\

|p/8w — sapuad|3uy ur a8uey)
utaroadodi| Aysuap-mo
utazoadodi) Ausuap-ySiH

|p/8w — josa1sajoyd ul a3ueyd
dljo1sRIQ
21j015AS

8H ww — ainssaid poojq ul a3ueyd

WD — 3DU3J3JWiNdJId Isiem ul aguey)d

3 — yS1om ur a8ueyd

1727

N ENGLJ MED 357;17 WWW.NEJM.ORG OCTOBER 25, 2007

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.
Copyright © 2007 Massachusetts Medical Society. All rights reserved



The NEW ENGLAND JOURNAL of MEDICINE

A B
20+ 25
. [ Biphasic insulin [l Prandial insulin [l Basal insulin
J L
& 104 Z. 204
(5] -
2 . s
H 0 - --= - =
= S 154
U =3
g o]
= g 10
€ 20 b
£ °
1] i S 54
2 30 2
_40 0-
Glycated Fasting Plasma Postprandial Body Hypoglycemia
Hemoglobin Glucose Glucose Weight Grade 2 or 3
Baseline value 8.5% 173 mg/dl 227 mg/dl 85.8 kg

Figure 3. Mean (+SE) Percentage Change from Baseline to 1 Year in Glycated Hemoglobin, Fasting Plasma Glucose, Postprandial Glucose,
and Body Weight (Panel A) and Mean (+SD) Hypoglycemic-Event Rate (Panel B).
For all measures, P<0.001, with values adjusted for baseline values (except hypoglycemia), center, baseline glycated hemoglobin level,

and oral antidiabetic therapy where appropriate. Missing data were imputed with the use of a multiple-imputation technique.** To con-
vert the values for glucose to millimoles per liter, multiply by 0.05551.

Table 3. Adverse Events.*

Biphasic Insulin Prandial Insulin Basal Insulin Overall

Event (N=235) (N=239) (N=234) P Valuef
number (percent)

Serious adverse event 41 (17.4) 30 (12.6) 30 (12.8) 0.25
Gastrointestinal and abdominal pain 4 (1.7) 0 0 0.02
Lower respiratory tract and lung infection 4(1.7) 0 0 0.02
Ischemic coronary-artery disorder 3(1.3) 4(1.7) 3 (1.3) 0.99
Abdominal and gastrointestinal infection 3(1.3) 0 2 (0.9) 0.21
Other infection 1(0.4) 3(1.3) 1(0.4) 0.63
Adverse event 209 (88.9) 203 (84.9) 207 (88.5) 0.37
Upper respiratory tract infection 81 (34.5) (31 0) 91 (38.9) 0.19
Reaction at injection or infusion site 37 (15.7) 3 (13.8) 52 (22.2) 0.04
Musculoskeletal and connective-tissue symptom 43 (18.3) 37 (15.5) 35 (15.0) 0.59
Lower respiratory tract and lung infection 36 (15 3) (16 7) 29 (12.4) 0.40
Nausea and vomiting 6 (15.3) 2 (13.4) 32 (13.7) 0.83
Diarrhea 27 (11.5) 26 (10.9) 34 (14.5) 0.45
Headache 16 (6.8) 27 (11.3) 20 (8.5) 0.23
Upper respiratory tract symptom 17 (7.2) 20 (8.4) 26 (11.1) 0.33
Cough 22 (9.4) 26 (10.9) 17 (7.3) 0.39

* Listed serious adverse events are those that occurred in more than 1% of patients in any of the study groups. Listed adverse events are
those that occurred in more than 10% of patients in any of the study groups.

7 P values are for all comparisons.

1728

the basal group were less favorable than those in
the biphasic group and the prandial group and
also than those of regimens in several similar
studies. Most other trials of analogue basal
insulin have used insulin glargine,®19:21,26,28,29

continued to be increased during the year, ac-
companied by weight gain but with no increase in
hypoglycemic rates and stable glycated hemo-
globin levels.

Reductions in glycated hemoglobin levels in
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some using approximately double the titration
frequency, as compared with our trial.*#2%:22 Few
studies to date have used detemir in type 2 dia-
betes.1322:3% Our study was designed to evaluate
the recommended once-daily detemir regimen in
type 2 diabetes mellitus but included a protocol-
driven addition of a second dose when required.
A recent study using twice-daily detemir from the
outset achieved better glycemic outcomes,?? but
no trial has compared these two detemir regi-
mens. The few studies that have compared a
basal regimen with a biphasic regimen have
shown that biphasic insulin can result in lower
glycated hemoglobin levels. However, as in our
study, such regimens are associated with increased
episodes of hypoglycemia, more weight gain, or
both.2%:23:2731 The addition of insulin, despite
more frequent injections in the biphasic group
and the prandial group, did not affect the assessed
quality of life of patients in our study, as reported
in previous short-term studies.32

Our exclusion of thiazolidinediones might lim-
it the applicability of these results. However, con-
cern about heart failure,3® cardiovascular risk,3*
increased fracture rate in women,® and higher
cost (as compared with a basal-insulin regimen)3>
would suggest that these observations may be rel-
evant to a substantial number of patients receiv-
ing dual therapy with oral antidiabetic agents.

The three analogue-insulin regimens did not

differ in glycemic efficacy for patients with a
baseline glycated hemoglobin level of less than
8.5% but differed significantly for patients with
values above this level, perhaps reflecting the in-
creased prominence of postprandial glycemia as
glycemic control worsens.?° This finding, the low-
er rates of hypoglycemia, reduced weight gain,
simplicity, and convenience might be taken to sup-
port basal insulin as a first-line add-on to dual
therapy with oral antidiabetic agents in some
patients. However, rapid intensification of ther-
apy will be necessary for many of them.

The first phase of the 4-T study, which com-
pared three alternative analogue-insulin initia-
tion therapies, suggests that most patients are
likely to need more than one type of insulin to
achieve target glucose levels. The final 2 years of
the trial will examine specifically the use of
complex insulin regimens in these patients.

Supported by Novo Nordisk and Diabetes UK.

Dr. Holman reports receiving grant support from Novartis,
Bristol-Myers Squibb, Novo Nordisk, Pfizer, GlaxoSmithKline,
and Merck, consulting fees from Amylin, Novartis, Eli Lilly, Merck,
and Sanofi Aventis, and lecture fees from Ajinomoto, Astellas,
Servier, GlaxoSmithKline, Merck, Eli Lilly, and Sanofi-Aventis;
Dr. Davies, grant support from Pfizer, Sanofi-Aventis, and Servier
and consulting and lecture fees from Eli Lilly, Merck, Novo Nor-
disk, and Sanofi-Aventis; and Dr. Levy, consulting fees from Eli
Lilly, Merck, Novartis, and Novo Nordisk and lecture fees from Eli
Lilly, Merck Lipha, Merck, Novartis, and Novo Nordisk. No other
potential conflict of interest relevant to this article was reported.

We thank the patients, without whom this study and these
analyses would not have been possible.

APPENDIX

The following investigators participated in the 4-T trial: Steering Committee — R. Holman (chair), M. Davies, A. Farmer, M. Gall, J.
Keenan, J. Levy, G. Nelson, A. Rosenfalck, H. Schou; Data and Safety Monitoring Board — R. Heine (chair), I. Campbell, R. Gray, S. Mar-
shall, J. Scarpello; Policy Advisory Group — M. Davies (chair), A. Adler, P. Harvey, G. Neary, M. Bilous, J. Farmer, C. Kelly, A. Millward,
D. Russell-Jones, J. Nolan; Coordinating Center — B. Barrow, J. Darbyshire, C. Dudley, A. Gilligan, J. Hartweg, E. Harris, R. Holman, J.
Keenan, I. Kennedy, K. Macdonald, D. McLeod, S. Paul, I. Stratton, K. Thorne, A. Tse; Central Laboratory— R. Carter, K. Fisher, K. Islam,
R. Klyne, B. Shine; Novo Nordisk Study Team — A. Aggarwal, C. Carrington, B. Chubb, G. Compion, L. Crawshaw, N. Dunmore, J. Fenton,
M. Fitch, J. Fox, C. Gordon, J. Hauff, K. Hoppen, D. Hutchins, R. Lewis, D. Lighter, L. Lowe, S. McQuade, 1. Minns, A. Monk, N. Par-
ris, C. Pike, R. Polley, J. Shadbolt, S. Shamash, P. Snook-Smith, T. Sorensen, M. Stack, R. Taylor, E. Townshend, C. Westgarth, P.
Wilkinson, S. Williams. Investigators: England — A. Adler, A. Akintewe, S. Atkin, T. Barnett, S. Bennett, R. Bilous, C. Bodmer, L.
Borthwick, R. Davies, C. Fox, N. Furlong, 1. Gallen, G. Gill, R. Gregory, P. Harvey, A. Hassey, S. Heller, P. Home, D. Hopkins, A.
Johnson, E. Jude, D. Kerr, S. Kumar, J. Litchfield, J. Lorains, K. McLeod, P. McNally, M. Mansfield, D. Matthews, A. Millward, P. O’Hare,
S. Page, A. Panahloo, D. Robertson, M. Rossi, R. Rowe, D. Russell-Jones, M. Sampson, I. Scobie, W. Stephens, C. Strang, J. Vora, T.
Wheatley, D. Whitelaw, P. Winocour; Ireland — F. Dunne, B. Kinsley, J. Nolan, S. Sreenan; Northern Ireland — J. Andrews, W. Henry, S.
Hunter; Scotland — P. Abraham, A. Collier, S. Gray, A. Jaap, G. Leese, D. Matthews, J. Walker.
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