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for the 4-T Study Group*

ABSTRACT

BACKGROUND
Evidence supporting the addition of specific insulin regimens to oral therapy in
patients with type 2 diabetes mellitus is limited.

METHODS
In this 3-year open-label, multicenter trial, we evaluated 708 patients who had sub-
optimal glycated hemoglobin levels while taking metformin and sulfonylurea ther-
apy. Patients were randomly assigned to receive biphasic insulin aspart twice daily,
prandial insulin aspart three times daily, or basal insulin detemir once daily (twice
if required). Sulfonylurea therapy was replaced by a second type of insulin if hyper-
glycemia became unacceptable during the first year of the study or subsequently if
glycated hemoglobin levels were more than 6.5%. Outcome measures were glycated
hemoglobin levels, the proportion of patients with a glycated hemoglobin level of
6.5% or less, the rate of hypoglycemia, and weight gain.

RESULTS
Median glycated hemoglobin levels were similar for patients receiving biphasic (7.1%),
prandial (6.8%), and basal (6.9%) insulin-based regimens (P=0.28). However, fewer
patients had a level of 6.5% or less in the biphasic group (31.9%) than in the pran-
dial group (44.7%, P=0.006) or in the basal group (43.2%, P=0.03), with 67.7%,
73.6%, and 81.6%, respectively, taking a second type of insulin (P=0.002). Median
rates of hypoglycemia per patient per year were lowest in the basal group (1.7),
higher in the biphasic group (3.0), and highest in the prandial group (5.7) (P<0.001
for the overall comparison). The mean weight gain was higher in the prandial
group than in either the biphasic group or the basal group. Other adverse event
rates were similar in the three groups.

CONCLUSIONS
Patients who added a basal or prandial insulin-based regimen to oral therapy had
better glycated hemoglobin control than patients who added a biphasic insulin-based
regimen. Fewer hypoglycemic episodes and less weight gain occurred in patients add-
ing basal insulin. (Current Controlled Trials number, ISRCTN51125379.)
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OST PATIENTS WITH TYPE 2 DIABETES

require insulin therapy when oral anti-

diabetic agents provide suboptimal gly-
cemic control, since long-term glycemic improve-
ment reduces the risks of both microvascular* and
macrovascular2 complications. However, differ-
ent insulin regimens have varying effects on gly-
cemic control, weight gain, and the risk of hypo-
glycemia.?

In the first phase of the Treating to Target in
Type 2 Diabetes (4-T) study, we evaluated patients
with type 2 diabetes who had suboptimal glyce-
mic control despite maximally tolerated doses of
metformin and sulfonylurea to see whether the
randomized addition of a biphasic, prandial, or
basal analogue insulin would lead to clinically
relevant improvement in glycated hemoglobin lev-
els during a 1-year period.* Although the intensi-
fication of insulin therapy reduces glycated he-
moglobin levels,> it is not clear which complex
regimen best achieves the glycemic targets.® The
choice of insulin regimen varies widely according
to country, but large-scale direct comparisons of
complex insulin regimens have not been per-
formed. Here we report 3-year results comparing
the three insulin regimens in which sulfonylurea
therapy was replaced by a second type of insulin
if glycated hemoglobin levels of 6.5% or less were
not achieved with a single type of insulin.

METHODS

PATIENTS
The study design and 1-year results have been re-
ported previously.* Briefly, men and women 18
years of age or older who had at least a 12-month
history of type 2 diabetes mellitus and who had
not been treated with insulin were recruited in 58
clinical centers in the United Kingdom and Ire-
land. All patients had glycated hemoglobin levels
of 7.0 to 10.0% while receiving maximally toler-
ated doses of metformin and sulfonylurea for at
least 4 months; 5% of the patients were taking only
one of these drugs, since the other was not toler-
ated. All patients had a body-mass index (the weight
in kilograms divided by the square of the height
in meters) of 40 or less. Exclusion criteria includ-
ed a history of thiazolidinedione therapy or triple
oral antidiabetic therapy.

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 the provisions of the Declaration
of Helsinki” and Good Clinical Practice guide-
lines.®

STUDY DESIGN
Patients were randomly assigned to receive twice-
daily biphasic insulin aspart (NovoMix 30), three-
times-daily prandial insulin aspart (NovoRapid),
or once-daily (twice if required) basal insulin de-
temir (Levemir). Patients injected doses of bipha-
sic and prandial insulin immediately before meals
and basal insulin at bedtime. All three preparations
were supplied by Novo Nordisk in 3-ml disposable-
pen devices (FlexPen).

During the first year of the study, sulfonylurea
therapy was replaced by a second type of insulin
if hyperglycemia became unacceptable (a glycated
hemoglobin level of >10.0% or two consecutive
values of >8.0% at or after 24 weeks of therapy)
or subsequently if glycated hemoglobin levels were
more than 6.5%.* For the biphasic-based regimen,
midday prandial insulin was added, starting with
10% of the current total daily biphasic insulin
dose and limited to a minimum of 4 units and a
maximum of 6 units. For the prandial-based regi-
men, basal insulin (10 units) was added at bed-
time. For the basal-based regimen, prandial in-
sulin was added at breakfast, lunch, and dinner,
starting with 10% of the current total daily dose
of basal insulin at each time point and limited to
a minimum of 4 units and a maximum of 6 units.

First-year visits with patients were scheduled
at 2, 6, 12, 24, 38, and 52 weeks, with interim
telephone contact. After the first year, visits were
scheduled every 3 months, with patients asked in
advance to perform three daily capillary glucose
profiles (Medisense Optium, Abbott).* Using these
profiles and data regarding self-reported hypogly-
cemia, the trial-management system* suggested
changes in the insulin dose, aiming for glucose
values before meals of 72 to 99 mg per deciliter
(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). Investigators and patients were
encouraged to vary suggested insulin doses, as
clinically appropriate, and to amend the doses be-
tween visits. Hypoglycemia was categorized as
grade 1 (symptoms only) 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,
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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.*

The trial steering committee consisted of five
academic members, one lay member, and three
representatives of Novo Nordisk, the sponsor. Only
academic members had access to the nonsafety
data. All authors vouch for the accuracy, integ-
rity, and completeness of the reported data, which
were collected and analyzed by the Diabetes Tri-
als Unit.

BIOCHEMICAL AND CLINICAL MEASUREMENTS
Glycated hemoglobin levels were measured at
baseline; at 12, 24, 38, and 52 weeks; and then
every 12 weeks. Plasma creatinine was measured
at baseline; at 2, 6, and 12 weeks; and then every
12 weeks. Blood pressure was measured and the
ratio of urinary albumin to creatinine was deter-
mined at baseline and then every 26 weeks. Plas-
ma lipid and alanine aminotransferase levels were
measured and a health-status questionnaire (Eu-
roQol Group 5-Dimension Self-Report Question-
naire) was administered at baseline, at 12 and 52
weeks, and then annually.®

PRIMARY AND SECONDARY OUTCOMES
The primary 3-year outcome was the glycated he-
moglobin level. Secondary outcomes were the pro-
portion of patients with a glycated hemoglobin
level of 6.5% or less, the proportion of patients
with a glycated hemoglobin level of 6.5% or less
but without hypoglycemia of grade 2 or more,
weight gain, self-measured capillary glucose pro-
files, the proportion of patients requiring a sec-
ond type of insulin, the ratio of albumin to crea-
tinine, and quality of life.

STATISTICAL ANALYSIS
Five imputations for missing data were performed
with the use of the Bayesian Markov chain Monte
Carlo multiple-imputation technique.® To account
for center-level clustering, the study center was in-
cluded as a random effect in all regression mod-
els. For normal continuous variables, mixed lin-
earregression models'! were used, with respective
baseline values, type of baseline oral antidiabetic
therapy, study group, and baseline glycated he-
moglobin level as covariates. Mixed-effect logistic
models were used for patients with glycated he-
moglobin levels of 6.5% or less or 7.0% or less.

Calculations were repeated for patients with base-
line glycated hemoglobin levels of 8.5% or less,
with the type of oral antidiabetic therapy and gly-
cated hemoglobin level at baseline as potential
covariates. The proportion of patients with hypo-
glycemia was analyzed with the use of a general-
ized binomial model without adjustment for co-
variates. For hypoglycemia rates, generalized mixed
models with negative binomial distributions were
used. Repeatedly observed, self-measured capillary
glucose profiles were analyzed with the use of an
unstructured covariance matrix and random study-
center effects, with the usual covariates.

The ratio of urinary albumin to creatinine and
insulin doses were analyzed with the use of gen-
eralized mixed-effect models with gamma distri-
bution, adjusted for baseline values, including
glycated hemoglobin level, and type of oral an-
tidiabetic therapy. Quality-of-life data are presented
as Winsorized means with 95% confidence inter-
vals, with treatment comparisons at median levels
based on quantile regression. For skewed data,
the median with 95% confidence intervals is pre-
sented.*?

A prespecified closed-test procedure allowed for
a pairwise comparison between groups. 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 ad-
justed for multiple testing.

RESULTS

PATIENTS
From November 1, 2004, to July 31, 2006, we re-
cruited 708 patients and randomly assigned 235
to the biphasic group, 239 to the prandial group,
and 234 to the basal group (Fig. 1). The patients’
mean (+SD) age was 61.7+9.8 years, and the me-
dian duration of disease was 9 years. Most of the
patients were white and overweight, without sig-
nificant differences in baseline variables among
the groups.# Overall 130 patients (18.4%) did not
complete the 3-year evaluation, with no significant
between-group differences in the biphasic group
(14.5%), the prandial group (21.3%), and the bas-
al group (19.2%) (P=0.15 for the overall com-
parison). However, the proportions of patients
who withdrew from the study differed signifi-
cantly among the groups (5.1%, 11.7%, and 8.5%
respectively; P=0.04). There were no significant
differences in baseline variables between patients
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936 Patients were assessed for eligibility

219 Were excluded (some had >1 reason)
126 Had glycated hemoglobin <7% or >10%
27 Had plasma creatinine =1.47 mg/dl (130 ymol/liter)
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 anti-
diabetic agents
6 Had had diabetes for <1 yr
5 Had received thiazolidinediones within 6 mo
5 Had uncontrolled hypertension
4 Had received oral therapy for <4 mo
4 Had received oral therapy with 3 or more drugs
within 6 mo
8 Had other reasons
9 Declined to participate
4 Were unwilling to inject insulin
3 Withdrew consent
2 Were unwilling to perform self-monitored capillary
glucose measurements

708 Underwent

randomization

235 Were assigned to receive

239 Were assigned to receive

234 Were assigned to receive

5 Had adverse event

3 Had protocol viola-
tion

3 Had insufficient
clinical response

3 Had other reasons

1 Was lost to follow-up

biphasic insulin prandial insulin basal insulin
34 Discontinued 51 Discontinued 45 Discontinued
12 Withdrew participa- 28 Withdrew participa- 20 Withdrew participa-
tion tion tion
7 Died 9 Died 3 Died

0 Had adverse event 9 Had adverse event

2 Had protocol viola- 2 Had protocol viola-
tion tion

1 Had insufficient 3 Had insufficient
clinical response clinical response

5 Had other reasons 4 Had other reasons

6 Were lost to follow-up

4 Were lost to follow-up

201 (86%) Completed 3 yr

188 (79%) Completed 3 yr

189 (81%) Completed 3 yr

Figure 1. Enrollment and Outcomes.

who withdrew from the study and those who com-
pleted the study.

PRIMARY OUTCOME

The median glycated hemoglobin levels converged
after 1 year and remained stable in all groups,
with an overall value at 3 years of 6.9% (95% con-
fidence interval [CI], 6.8 to 7.1); these values did
not differ significantly in the three groups (P=0.28

for the overall comparison) (Table 1 and Fig. 2A).
At 3 years, the mean reduction from baseline was
1.3% in the biphasic group, 1.4% in the prandial
group, and 1.2% in the basal group (Fig. 2A
and 2B).

SECONDARY OUTCOMES
Fewer patients in the biphasic group (31.9%)
achieved glycated hemoglobin levels of 6.5% or
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Figure 2. Primary and Secondary Outcomes at 3 Years.

Panel A shows median levels of glycated hemoglobin in the three study groups, with a kernel-density plot of the dis-
tribution of values for patients in each group at 3 years, as compared with the distribution of values for all patients
at baseline, shown in Panel B. Panel C shows mean body weight, with a kernel-density plot of the distribution of val-
ues for patients in each group at 3 years, as compared with the distribution of values for all patients at baseline,
shown in Panel D. Panel E shows median insulin doses. Panel F shows the proportions of patients in the three study
groups reporting grade 2 or grade 3 hypoglycemic events over time. The I bars indicate 95% confidence intervals.

less than in either the prandial group (44.7%,
P=0.000) or the basal group (43.2%, P=0.03) (Ta-
ble 1). The corresponding proportions of patients
with a glycated hemoglobin level of 7.0% or less
also differed significantly between the biphasic
group (49.4%) and each of the two other groups,
with 67.4% in the prandial group (P<0.001) and
63.2% in the basal group (P=0.02).

Among patients with a baseline glycated he-

moglobin level of 8.5% or less, those in the bi-
phasic group were less likely to achieve values of
6.5% or less, as compared with either the prandial
group (odds ratio, 0.48; 95% CI, 0.28 to 0.82;
P=0.007) or with the basal group (odds ratio, 0.46;
95% CI, 0.27 to 0.78; P=0.004).

The proportions of patients who replaced sul-
fonylurea with a second type of insulin differed
significantly among the three groups, with 67.7%
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in the biphasic group, 73.6% in the prandial
group, and 81.6% in the basal group (P=0.002 for
the overall comparison).

Self-measured capillary glucose levels at all time
points except 3 a.m. were significantly lower in
the prandial group than in the biphasic group
(P=0.001) but were not significantly lower than
in the basal group (P=0.06). No significant dif-
ferences were seen in fasting glucose values in
the three groups (Fig. 3A). However, a greater
mean reduction in postprandial glucose values
was seen in the prandial group than in either
the biphasic group (P<0.001) or the basal group
(P=0.007), with a greater reduction in the basal
group than in the biphasic group (P=0.04). The
reduction in 3 a.m. glucose values was signifi-
cantly greater in the basal group than in the
prandial group (P=0.02)

Patients gained weight in all three groups; in-
creases in the biphasic group and the prandial
group were similar and were more than those in
the basal group (Fig. 2C and 2D and 3A). Waist
circumference increased less in the basal group
than in either the biphasic group or the prandial
group.

The median daily insulin dose per kilogram of
body weight increased steadily during the second
and third years of the study (Fig. 2E). The dose
was similar at 3 years in the prandial group and
the basal group but lower in the biphasic group
(P=0.02 for the overall comparison). Patients who
required a second type of insulin had higher me-
dian daily insulin doses, with a similar pattern but
substantially different ratios of prandial insulin
to total insulin.

Rates of hypoglycemia of grade 2 or more
converged among the groups during the second
and third years of the study and did not differ
significantly in the third year (P=0.44) (Fig. 2F).
However, the overall hypoglycemia rates remained
highest in the prandial group and lowest in the
basal group (Fig. 3B). The median number of hy-
poglycemic events per patient per year during the
trial was 3.0 in the biphasic group, 5.5 in the pran-
dial group, and 1.7 in the basal group; among
patients with a glycated hemoglobin level of 6.5%
or less, the corresponding numbers were similar,
with 3.0, 5.5, and 2.0 events, respectively (P<0.001
for the overall comparison).

At 3 years, no clinically relevant between-group
differences were seen in changes from baseline
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Figure 3. Changes from Baseline to 3 Years in Glycated Hemoglobin, Fast-
ing Plasma Glucose, Postprandial Glucose, and Body Weight and the Rate

Panel A shows the mean (+SE) percentage changes in key outcome mea-
sures, with P values adjusted for baseline values (except hypoglycemia),
study center, baseline glycated hemoglobin level, and type of oral antidia-
betic therapy, where appropriate. Missing data were imputed with the use
of a multiple-imputation technique.*® To convert values for glucose to milli-
moles per liter, multiply by 0.05551. Panel B shows the median number of
hypoglycemic events per patient per year in the three groups. The I bars in-

in either systolic or diastolic blood pressure, high-
density lipoprotein or low-density lipoprotein cho-
lesterol, triglycerides, or the ratio of urinary al-
bumin to creatinine, although the differences in
high-density lipoprotein cholesterol were signifi-
cant (P=0.03). In addition, no significant differ-
ences were seen in changes from baseline with
respect to Winsorized mean scores on the EuroQol
Group 5-Dimension Self-Report Questionnaire.
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Table 2. Adverse Events.*
Biphasic Insulin Prandial Insulin Basal Insulin
Event (N=235) (N=239) (N=234) Overall P Valuey
number (percent)

Serious adverse event 105 (44.7) 79 (33.1) 78 (33.3) 0.01
Abdominal pain 5(2.1) 1(0.4) 1(0.4) 0.10
Accidental overdose of any kind 0 0 3(1.3) NA
Angina

Pectoris 8 (3.4) 0.8) 4 (1.7 0.13

Unstable 0 4) 3(L3 0.37
Cardiac failure

Any 2(0.9) 3(1.3) 1(0.4) 0.88

Congestive 4(1.7) 1(0.4) 3(1.3) 0.37
Carpal tunnel syndrome 3(1.3) 1(0.4) 0.37
Cellulitis 6 (2.6) 1(0.4) 0 0.05
Stroke 3(1.3) 0 2 (0.9) 1.00
Chest pain 3(1.3) 1(0.4) 5(2.1) 0.25
Circulatory collapse 0 4(1.7) NA
Dyspnea 3 (1.3) 3 (1.3) 3 ) 1.00
Femoral-neck fracture 3(13 1(0.4) 1 0.54
Gastroenteritis 4(1.7) 0 2 (0.9) 0.69
Hypoglycemia

Any 12 (5.1) 13 (5.4) 5 (2.1) 0.15

With loss of consciousness 1(0.4) 0 3(1.3) 0.37
Iron deficiency anemia 4(1.7) 1(0.4) 0 0.21
Lower respiratory tract infection 3 (1.3) 2 (0.8) 0 0.68
Myocardial infarction 2 (0.9) 4(1.7) 6 (2.6) 0.36
Myocardial ischemia 2 (0.9) 4 (1.7) 1(0.4) 0.52
Osteoarthritis 6 (2.6) 1(0.4) 4 (1.7) 0.17
Pulmonary edema 0 2 (0.8) 3(1.3) 0.68
Urinary tract infection 3(1.3) 1 (0.4) 1 (0.4) 0.54
Adverse event 228 (97.0) 235 (98.3) 227 (97.0) 0.58
Abdominal discomfort 27 (11.5) 16 (6.7) 14 (6.0) 0.06
Arthralgia 26 (11.1) 24 (10.0) 16 (6.8) 0.26
Back pain 30 (12.8) 38 (15.9) 31 (13.2) 0.57
Cough 38 (16.2) 51 (21.3) 49 (20.9) 0.29
Diarrhea 47 (20.0) 55 (23.0) 62 (26.5) 0.25
Headache 26 (11.1) 36 (15.1) 32 (13.7) 0.43
Hypertension 28 (11.9) 24 (10.0) 28 (12.0) 0.75
Infection 59 (25.1) 55 (23.0) 50 (21.4) 0.63
Influenza 33 (14.0) 30 (12.6) 38 (16.2) 0.51
Injection-site hematoma 34 (14.5) 34 (14.2) 39 (16.7) 0.72
Nasopharyngitis 99 (42.1) 97 (40.6) 108 (46.2) 0.45
Nausea 37 (15.7) 35 (14.6) 28 (12.0) 0.48
Oropharyngeal pain 27 (11.5) 31 (13.0) 35 (15.0) 0.54
Limb pain 38 (16.2) 31 (13.0) 31(13.2) 0.54
Upper respiratory tract infection 27 (11.5) 28 (11.7) 33 (14.1) 0.64
Urinary tract infection 32 (13.6) 26 (10.9) 32 (13.7) 0.58
Vomiting 43 (18.3) 45 (18.8) 45 (19.2) 0.97

* The listed serious adverse events occurred in more than 1% of patients in any study group. Listed adverse events oc-
curred in more than 10% of patients in any study group. NA denotes not applicable.
7 P values are for all comparisons.
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ADVERSE EVENTS

During the study period, 19 patients died (7 in the
biphasic group, 9 in the prandial group, and 3 in
the basal group; P=0.23); of these patients, 14 died
from cardiovascular disease (4 in the biphasic
group, 9 in the prandial group, and 1 in the bas-
al group; P=0.002). The proportion of patients
with any type of serious adverse event differed
among the groups, with the highest proportion
in the biphasic group (P=0.01). No significant be-
tween-group differences were seen in the propor-
tion of patients with individual serious adverse
events or in the numbers of nonserious adverse
events (Table 2).

No clinically relevant changes occurred in lev-
els of plasma creatinine or alanine aminotrans-
ferase in any group. According to the protocol, 14
patients discontinued metformin therapy (4 in the
biphasic group, 6 in the prandial group, and 4 in
the basal group) after two successive plasma crea-
tinine measurements of more than 1.7 mg per
deciliter (150 wmol per liter).3

DISCUSSION

In our 3-year evaluation of three different ana-
logue insulin regimens, the median achieved gly-
cated hemoglobin was similar in all three groups,
but the distributions differed, with fewer patients
achieving glycemic targets in the biphasic group
than in either the prandial group or the basal
group. The substantially improved glycated hemo-
globin levels that were achieved at the beginning
of the trial were generally maintained, although
a majority of patients required intensification to
a more complex insulin regimen.

There were important clinical differences
among the three strategies. There was less weight
gain and a smaller increase in waist circumfer-
ence in the basal group than in either the bipha-
sic group or the prandial group. Rates of hypo-
glycemia also differed and were lowest in the
basal group and highest in the prandial group.

We used a clinically relevant, pragmatic proto-
col with clinic visits every 3 months, a schedule
that was commensurate with routine management
in primary care; the 3-year retention rate was 82%.
Insulin titration to glycemic targets, which was
guided by a computerized algorithm on the basis
of self-monitored glucose profiles, was consistent
among the three groups. We believe that our find-
ings may be generalizable, since short- and long-

acting analogues have efficacies similar to those
of human insulin,***” and meta-analysis has dem-
onstrated only a minor benefit for short-acting
analogues.*®

A strength of our trial was its long duration,
with overall maintenance of glycemic control with
low rates of hypoglycemia. In routine clinical prac-
tice, even moderate glycemic control remains an
elusive goal, characterized by delays in intensify-
ing oral therapies and in the initiation of insu-
lin, as evidenced by a retrospective study between
1995 and 2005.%°

The results of our trial support current guide-
lines, which suggest that basal and prandial in-
sulin regimens should be considered if adequate
glycemic control is not achieved with initial regi-
mens.2%2t Although there is evidence for the ad-
vantages of the present approach in patients with
type 1 diabetes, data supporting such a strategy
in those with type 2 diabetes have been sparse,
apart from a recent nonrandomized subgroup ob-
servational analysis of the effects of transferring
from a biphasic regimen to various basal-prandi-
al regimens.?2

The achieved glycated hemoglobin level> and
the proportions of patients who had glycated he-
moglobin levels of 7.0% or less and those who had
levels of 6.5% or less?3 are consistent with previ-
ous trials of complex insulin regimens. Approxi-
mately two thirds of patients in the two groups
in which intensification led to a basal-prandial
regimen reached the 7.0% glycated hemoglobin
target, which showed that the tight glycemic con-
trol that was achieved in short-term studies of
treat-to-target insulin initiation'>2* can be main-
tained. The lower success rate for the biphasic-
based regimen and the lower median insulin dose
achieved may reflect the decreased flexibility of
a fixed-ratio insulin formulation, as compared
with a basal-prandial regimen.

During a 3-year period, the median daily insulin
doses rose progressively to become higher than
those reported in short-term insulin trials>#2> and
greater in the basal and prandial regimens than
in the biphasic regimen. Although daily insulin
doses were similar in the basal and prandial
groups, our findings suggest that the initiation
of insulin with a basal formulation, as compared
with a prandial formulation, is of benefit before
intensification to a basal-prandial regimen. It is
likely that the greater ratio of prandial to total
insulin in the prandial group explains the great-
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er reduction in postprandial glucose levels and
the higher rate of hypoglycemia than in the basal
group. The lower weight gain in the basal group
may be persistence of the difference observed at
1 year or may reflect a continuing need to cor-
rect the higher rates of hypoglycemia, as seen in
the biphasic and prandial groups, with a higher
carbohydrate intake. The higher rate of hypogly-
cemia and weight gain in the prandial group than
in the basal group was consistent with the find-
ings in other trials.325

Recent trials of intensive glycemic control have
shown risks of severe hypoglycemia.?%2? In our
trial, we found that reasonable levels of glycemic
control could be achieved with a low rate of major
hypoglycemia, particularly when therapy was ini-
tiated with basal insulin. However, the possible
association between hypoglycemia and death
from cardiovascular causes supports continuing
research in this area. Reassuringly, the rate of
hypoglycemia in our study was no greater in
patients reaching the 6.5% target than in those
who did not reach this target.

Future research will need to explore the rela-
tive inability of a minority of patients to achieve
an adequate reduction in glycated hemoglobin
levels, regardless of the insulin regimen used, and
to examine whether this outcome is associated

with physiological or behavioral factors in either
patients or health care professionals.?®

In conclusion, our findings comparing three
different insulin strategies provide an evidence
base to guide the addition of insulin to oral an-
tidiabetic therapy and its intensification in clini-
cal practice. The results support the initial addi-
tion of basal insulin to oral therapy, with subsequent
intensification to a basal-prandial regimen, con-
sistent with consensus recommendations.?* Us-
ing this approach, a majority of patients were able
to achieve glycemic targets safely, with rates of
hypoglycemia and weight gain that were lower
than those in either the biphasic group or the
prandial group.
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