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Role of Intensive Glucose Control in Development
of Renal End Points in Type 2 Diabetes Mellitus

Systematic Review and Meta-analysis

Steven G. Coca, DO, MS; Faramarz Ismail-Beigi, MD, PhD; Nowreen Haq, MD, MPH;
Harlan M. Krumholz, MD, SM; Chirag R. Parikh, MD, PhD

Background: Aggressive glycemic control has been hy-
pothesized to prevent renal disease in patients with type
2 diabetes mellitus. A systematic review was conducted
to summarize the benefits of intensive vs conventional
glucose control on kidney-related outcomes for adults
with type 2 diabetes.

Methods: Three databases were systematically searched
(January 1, 1950, to December 31, 2010) with no lan-
guage restrictions to identify randomized trials that com-
pared surrogate renal end points (microalbuminuria and
macroalbuminuria) and clinical renal end points (dou-
bling of the serum creatinine level, end-stage renal dis-
ease [ESRD], and death from renal disease) in patients
with type 2 diabetes receiving intensive glucose control
vs those receiving conventional glucose control.

Results: We evaluated 7 trials involving 28 065 adults
who were monitored for 2 to 15 years. Compared with
conventional control, intensive glucose control reduced
the risk for microalbuminuria (risk ratio, 0.86 [95% CI,
0.76-0.96]) and macroalbuminuria (0.74 [0.65-0.85]),

but not doubling of the serum creatinine level (1.06
[0.92-1.22]), ESRD (0.69 [0.46-1.05]), or death from
renal disease (0.99 [0.55-1.79]). Meta-regression re-
vealed that larger differences in hemoglobin A1c be-
tween intensive and conventional therapy at the study
level were associated with greater benefit for both mi-
croalbuminuria and macroalbuminuria. The pooled cu-
mulative incidence of doubling of the serum creatinine
level, ESRD, and death from renal disease was low
(�4%, �1.5%, and �0.5%, respectively) compared
with the surrogate renal end points of microalbumin-
uria (23%) and macroalbuminuria (5%).

Conclusions: Intensive glucose control reduces the risk
for microalbuminuria and macroalbuminuria, but evi-
dence is lacking that intensive glycemic control reduces the
risk for significant clinical renal outcomes, such as dou-
bling of the serum creatinine level, ESRD, or death from
renal disease during the years of follow-up of the trials.
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E PIDEMIOLOGIC STUDIES1,2

have demonstrated an asso-
ciation between poor glyce-
mic control and microvas-
cular complications in

patients with type 2 diabetes mellitus
(T2DM). Randomized controlled trials3-5

have demonstrated that intensive glyce-
mic control reduces albuminuria. Less
clear, however, is whether intensive gly-
cemic control prevents clinical renal end
points (eg, progressive decrease in glo-
merular filtration rate) beyond albumin-
uria in patients with T2DM. Despite the

lack of strong evidence, expert panels and
guidelines continue to recommend a tar-
get hemoglobin A1c (HbA1c) of less than
7.0% for prevention of renal disease and

other microvascular complications. The
2007 National Kidney Foundation Kid-
ney Disease Outcomes Quality Initiative
Clinical Practice Guidelines and Clinical
Practice Recommendations for Diabetes
and Chronic Kidney Disease (CKD)6

endorse intensive glycemic control, and

these recommendations are reinforced by
the 2011 American Diabetes Association
guidelines.7 As stated in the guidelines, rec-
ommendations for intensive glycemic con-
trol for prevention of renal disease are
based on studies that have demonstrated
an improvement in albuminuria, a surro-
gate end point.

Furthermore, in light of the fact that in-
tensive glycemic control increased the risk
for death by 22% in the Action to Control
Cardiovascular Risk in Diabetes (ACCORD)

See Invited Commentaries
at end of article

CME available online at
www.jamaarchivescme.com
and questions on page 758

Author Affil
Department
Medicine (D
and Parikh)
Public Healt
Yale Univers
Medicine, an
Johnson Clin
Program and
Outcomes R
Evaluation,
Hospital (Dr
Haven, Conn
Epidemiolog
Veterans Aff
West Haven
Parikh); Dep
Internal Med
Western Res
Veterans Aff
Cleveland, O
(Dr Ismail-B
Department
Medicine, Jo
University, B
(Dr Haq).

Author Affiliations:
Department of Internal
Medicine (Drs Coca, Krumholz,
and Parikh) and School of
Public Health (Dr Krumholz),
Yale University School of
Medicine, and Robert Wood
Johnson Clinical Scholars
Program and Center for
Outcomes Research and
Evaluation, Yale-New Haven
Hospital (Dr Krumholz), New
Haven, Connecticut. Clinical
Epidemiology Research Center,
Veterans Affairs Connecticut,
West Haven (Drs Coca and
Parikh); Departments of
Internal Medicine, Case
Western Reserve University, and
Veterans Affairs Medical Center,
Cleveland, Ohio
(Dr Ismail-Beigi); and
Department of Internal
Medicine, Johns Hopkins
University, Baltimore, Maryland
(Dr Haq).

ARCH INTERN MED/ VOL 172 (NO. 10), MAY 28, 2012 WWW.ARCHINTERNMED.COM
761

©2012 American Medical Association. All rights reserved.
Corrected on June 14, 2012DDownloaded from jamanetwork.com by josh reich on 07/15/2024

 EX2603

Exhibit #:

Coca 9
07/16/24

ex
h

ib
it

st
ic

ke
r.c

o
m

Novo Nordisk Exhibit 2603 
Mylan Pharms. Inc. v. Novo Nordisk A/S 

IPR2023-00724 
Page 00001



trial,8 and pooling the data from all
studies did not reduce cardiovascular-
related death or all-cause mortality,9

it is increasingly problematic for cli-
nicians to continue aggressive glyce-
mic control for the treatment of re-
nal outcomes related to T2DM. The
reasons for the lack of clinical ben-
efits are unclear. A recent study10

demonstrated that, despite substantial
increases in the use of glucose-
lowering medications (and inhibi-
tors of the renin-angiotensin-
aldosterone system) from 1988 to
2008, the prevalence of CKD in in-
dividuals with diabetes increased.

The recent publication of sev-
eral large, randomized, controlled,
multicenter trials of intensive gly-
cemic control in T2DM8,11,12 may al-
low an assessment of the effects of
intensive glycemic control on clini-
cal renal end points. Thus, in the
context of strategies used in these
studies, we sought to examine
whether this form of therapy was as-
sociated with benefits on clinically
relevant renal outcomes among pa-
tients with T2DM via a systematic
review and meta-analysis.

METHODS

DATA SOURCES
AND SEARCHES

In collaboration with an expert librar-
ian, we searched MEDLINE, EMBASE,
and the Cochrane Central Register of
Controlled Trials to identify random-
ized controlled trials that compared the
effects of intensive glucose control and
conventional glucose control on renal
events in patients with T2DM. Inclu-
sion criteria and methods of analysis were

specified in advance and documented in
a protocol available on request. Investi-
gators searched the PubMed central da-
tabase for publications (January 1, 1950,
through December 31, 2010) using the
Medical Subject Headings chronic kid-
ney disease, diabetes mellitus type 2, hy-
poglycemic agents, and creatinine, as well
as the key words chronic kidney disease,
albuminuria, proteinuria, protein to cre-
atinine ratio, albumin to creatinine ratio,
glucose control, and glycemic control. The
search was restricted to randomized con-
trolled trials conducted among human
adults (age, �19 years), with no journal
group, language, or sex restrictions. We
also checked the reference lists of iden-
tified articles, previous meta-analyses, and
original studies identified by the elec-
tronic search to find other potentially eli-
gible studies. We searched review ar-
ticles and the Web of Science database to
find all relevant follow-up articles.

STUDY SELECTION

Two investigators (S.G.C. and N.H.) in-
dependently reviewed the contents of
751 abstracts or full-text manuscripts
identified through the literature search
to determine whether they met the eli-
gibility criteria. The predefined inclu-
sion criteria required the clinical trials
to (1) randomly assign individuals with
T2DM either to an intensive lowering of
glucose vs a standard regimen (pla-
cebo, standard care, or glycemic con-
trol of reduced intensity), (2) address the
progression or development of kidney
disease either as a primary or surrogate
outcome and report complete informa-
tion about effect measures or provide in-
formation to allow calculation of effect
estimates for progression or new diag-
nosis of kidney disease, and (3) involve
patients with stable disease in the out-
patient setting only, excluding studies
in an acute hospital setting. The risk of

bias was assessed by using the compo-
nents recommend by The Cochrane Col-
laboration: sequence generation by al-
location; allocation concealment;
blinding of participants, staff, and out-
come assessors; incomplete outcome
data; selective outcome reporting; and
other sources of bias.

DATA EXTRACTION
AND RISK OF BIAS

IN INCLUDED STUDIES

We entered data from the trials into an
electronic database with validity
checks. The data abstraction and data
entry were confirmed by a second
reviewer (C.R.P.) who cross-checked
all selected articles.

Variables including details of the
trials, details of the intervention, and re-
nal end points were abstracted. The cor-
responding primary author of the ar-
ticle was contacted to clarify details or
confirm outcomes for 2 trials.8,11

The surrogate end points were devel-
opment of microalbuminuria and mac-
roalbuminuria. The clinical end points in-
cluded doubling of the serum creatinine
level, end-stage renal disease (ESRD), and
death from renal disease.

STATISTICAL ANALYSIS

We examined the relationship between
intensive glucose control and risk for all
study outcomes using risk ratio (RR) and
risk difference (RD) measures. Forest
plots were created to determine pooled
measures. Heterogeneity was assessed
with I2 statistics, ranging from 0% to
100%. The I2 value demonstrates the per-
centage of total variation across studies
resulting from heterogeneity and was
used to judge the consistency of evi-
dence. Any I2 values of 50% or more in-
dicate a substantial level of heteroge-
neity.13 Random effects models were used
to combine data on outcomes in Review
Manager 5.0 (The Cochrane Collabora-
tion). The meta-analysis was performed
in line with recommendations from The
Cochrane Library. P�0.05 was consid-
ered statistically significant. Analyses were
stratified by risk of bias in subsequent
analyses. We also performed meta-
regression using commercial software
(SAS 9.1; SAS Institute, Inc) on the 5
study-level variables (median date of en-
rollment, years since T2DM diagnosis,
duration of therapy, difference in achieved
HbA1c, and median achieved HbA1c) to de-
termine the relationship between these
variables and the RR for each end point.
Regression lines were plotted and bubbles
were weighted for the inverse of the vari-
ance of the individual RRs of each end

Reports identified in literature search751

Reports retrieved for full-text review39

Included detailed evaluation of the trials11

Trials included in meta-analysis7

Reports excluded after title and abstract 
screening using inclusion criteria

712

Duplicate reports excluded28

Trials excluded4
Used inhaled insulin1
No renal outcome reported1
Used intensive glycemic control
concomitantly with other interventions

2

Figure 1. Literature search and selection.
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point in each trial (Microsoft Excel 2007;
Microsoft Corporation).

RESULTS

Figure 1 depicts the study selec-
tion process. The meta-analysis in-
cluded 7 trials conducted among
28 065 participants.

DESCRIPTION OF STUDIES

Table 1 presents the characteris-
tics of the 7 randomized controlled
trials and trial participants.4,5,8,11,12,14-17

The number of participants in each
trial ranged from 110 to 11 140.
Mean baseline serum creatinine lev-
els ranged from 0.9 to 1.0 mg/dL (to

convert to micromoles per liter, mul-
tiply by 88.4) in the trials. Mean du-
ration of T2DM before enrollment
ranged from 6.5 to 12 years, with the
exception of United Kingdom Pro-
spective Diabetes Study (UKPDS) 33
and UKPDS 34, which enrolled pa-
tients with newly diagnosed T2DM.
The interventions to achieve glyce-

Table 1. Characteristics of Randomized Controlled Trials of Intensive Glucose Control

Characteristic Kumamoto4,15 UKPDS 3316 UKPDS 3417
VA Diabetes

Feasibility Trial5 ACCORD8,14 ADVANCE12 VADT11

Year of publication 1995 1998 1998 2000 2008 2008 2009
Participants, No. 110 3867 753 153 10 251 11 140 1791
Country Japan United

Kingdom
United

Kingdom
United

States
United

States and
Canada

Multinational United States

Year of enrollment, median 1991 1984 1984 1991 2003 2002 2002
Age, mean, y 49 53.3 53 60.1 62.2 66 60.4
Race/ethnicity, %

Non-Hispanic white 0 81 85 NR 64 NR 62
Hispanic white 0 NR NR NR 7 NR 16
Black 0 8 10 NR 19 NR 17
Asian 100 10 4 NR NR NR NR

Duration of diabetes, mean, y 6.5/10.2a 0 0 8 10 8 12
Male sex, % 45 61 46 100 61 58 97
Current smoker, % NR 31 39 26 14 14 17
Hypertension, % NR 12 16 NR 85 NR 72
History of CVD, % NR NR NR 13 35 32 40
SBP, mean, mm Hg 120/122a 135 140 135 136 145 132
DBP, mean, mm Hg 70/70a 82 85 81 75 80 76
LDL-C, mean, mg/dL 104 135 143 NR 104 120 108
Body weight, mean, kg NR 77.5 87 NR 94 78 97
BMI, mean 21.4/19.3a 27.5 31.6 31.0 32.2 28.0 31.3
HbA1c, % 9.1/9.2a 7.0 7.3 9.7 8.3 7.2 9.4
Serum creatinine,

mean, mg/dL
NR 0.9 0.9 0.9 0.9 1.0 1.0

Macroalbuminuria, mean, % 0 1.6 2.0 NR 6.0 3.6 NR
Microalbuminuria, mean, % 0 10.5 �7.6 38 27 25.6 NR
Urine albumin to creatinine

ratio, mean
13/43a NR NR 0.042 1.54 NR NR

FPG, mean, mg/dL NR 144 146 198 168 142 NR
GFR, mean, mL/min NR NR NR NR 90 NR NR
ARB/ACEI, %b NR NR NR 37 53 NR NR
Statins, % NR NR NR NR 62 28 NR
Target HbA1c in intensive

glucose group, %
�7 FPG �6

mg/dL
FPG �6

mg/dL
7.1 �6 �6.5 �6 and 1.5 less than

conventional
Target HbA1c in conventional

glucose group, %
NRc FPG 6.1-15

mg/dL
FPG 6.1-15

mg/dL
Avoidance

of excessive
hyperglycemia

7-7.9 Local standards �9 and 1.5 higher
than intensive

Primary agent
in intensive arm

Insulin Sulfonylurea
or insulin

Metformin
plus
sulfonylurea

Insulin Multiple
drugs

Gliclazide BMI �27: metformin
and rosiglitazone;
BMI �27:
glimepiride and
rosiglitazone

Duration of treatment,
median, y

6 11.1 10.7 2 3.7 5.0 5.6

Follow-up, median, y 8 11.1 10.7 2 5.0 5.0 5.6

Abbreviations: ACCORD, Action to Control Cardiovascular Risk in Diabetes; ACEI, angiotensin-converting enzyme inhibitor; ADVANCE, Action in Diabetes and
Vascular Disease: Preterax and Diamicron MR Controlled Evaluation; ARB, angiotensin receptor blocker; BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); CVD, cardiovascular disease; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GFR, glomerular filtration rate;
HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; NR, not reported; SBP, systolic blood pressure; UKPDS, United Kingdom Prospective Diabetes
Study; VA, Veterans Affairs; VADT, Veterans Affairs Diabetes Trial.

SI conversion factors: To convert LDL-C to millimoles per liter, multiply by 0.0259; HbA1c to a proportion of total hemoglobin, multiply by 0.01; serum creatinine
to micromoles per liter, multiply by 88.4; and FPG to millimoles per liter, multiply by 0.0555.

aThe first value represents the result in the primary-prevention cohort; the second value, in the secondary-prevention cohort.
bData indicate the percentage of patients taking an ARB or an ACEI.
cTwo separate numbers reported for primary prevention arm (55 patients in each). The clinical and glycemic goals for the intensive therapy group in the Kumamoto

study was to maintain the blood glucose control as close to the fasting blood glucose concentration of less than 140 mg/dL; 2-hour postprandial blood glucose
concentration, less than 200 mg/dL; HbA1c, less than 7.0%; and mean amplitude of glycemic excursions, less than 100 mg/dL. The goals in the conventional arm were
to show no symptoms of hyperglycemia or hypoglycemia, and glycemic control as close to the fasting glucose concentration of less than 140 mg/dL.
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mic control varied across studies
(Table 1). The HbA1c (or fasting
plasma glucose) targets also varied
in all studies. The highest HbA1c tar-
get in the intensive arms of the trials
was 7.1%,5 and the lowest HbA1c tar-
get was less than 6% in the ACCORD
study8,14 and VADT (Veterans Af-
fairs Diabetes Trial).11

The median HbA1c values dur-
ing the trials were lower in the in-
tensive group in all studies, and 4
studies4,5,8,11 achieved an HbA1c dif-
ference of more than 1% compared
with the control group (Table 2).
Three studies8,11,12 achieved me-
dian HbA1c of less than 7% in the in-
tensive glycemic control group. Fol-
low-up time was shortest in the VA
Diabetes Feasibility Trial (2 years),5

and was 5 years or more in all other
studies. The UKPDS 33 and 34 trials
had the longest follow-up times (up
to 15 years).16,17 The cumulative in-
cidence of renal end points was as
follows: microalbuminuria, range

11.5% to 44%; macroalbuminuria,
3.5% to 8.5%; doubling of the se-
rum creatinine level, 1.0% to 8.8%;
and ESRD, 0.5% to 2.8% (Table 3).
The cumulative incidence of mor-
tality was lowest in ACCORD (5.0%
and 3.9% in the intensive and stan-
dard therapy groups, respectively),
and highest in UKPDS 34 (14.6%
and 21.7%, respectively).

OUTCOMES

Figure 2 presents the individual
and pooled RRs of microalbumin-
uria (Figure 2A) and macroalbu-
minuria (Figure 2B). Figure 3 pre-
sents the same for the clinical renal
end points of doubling of the se-
rum creatinine level (Figure 3A), re-
nal failure/ESRD (Figure 3B), and
death from renal disease (Figure 3C).
Overall analyses indicated that pa-
tients randomly assigned to inten-
sive glucose control had reduced risk
for microalbuminuria (7 studies: RR,

0.86 [95% CI, 0.76 to 0.96]; RD,
−0.04 [95% CI, −0.08 to −0.01]) and
macroalbuminuria (6 studies: RR,
0.74 [95% CI, 0.65 to 0.85]; RD,
−0.01 [95% CI, −0.02 to −0.01]), but
not doubling of the serum creati-
nine level (4 studies: RR, 1.06 [95%
CI, 0.92 to 1.22]; RD, 0.0 [95% CI,
0.0 to 0.1]), ESRD (5 studies: RR,
0.69 [95% CI, 0.46 to 1.05]; RD, 0.0
[95% CI, −0.01 to 0.0]), or death
from renal disease (3 studies: RR,
0.99 [95% CI, 0.55 to 1.79]; RD, 0.0
[95% CI, 0.0 to 0.0]) compared with
participants in the conventional
treatment groups. We identified pos-
sible heterogeneity for the end point
of microalbuminuria (I2 = 64%),
whereas statistical heterogeneity was
low for all other analyses.

SENSITIVITY ANALYSES
AND META-REGRESSION

To determine the reasons for hetero-
geneity for our analyses of the ef-

Table 2. Risk Factors for Renal Disease in Trial Participants After the Intervention

Characteristic Kumamoto4 UKPDS 3316 UKPDS 3417
VA Diabetes

Feasibility Trial5 ACCORD8 ADVANCE12 VADT11

HbA1c, median, %
Intensive 7.1 7.0 7.4 7.1 6.4 6.5 6.9
Standard 9.4 7.9 8.0 9.1 7.5 7.3 8.4

LDL-C, mean, mg/dL
Intensive NR 126 130 NR 100 102 80
Standard NR 126 129 NR 101 102 80

SBP, mean, mm Hg
Intensive NR 139 141 135 135 135.5 127
Standard NR 138 139 142 135 138 125

DBP, mean, mm Hg
Intensive NR 77 78 82 75 73.5 68
Standard NR 77 77 82 75 74.3 69

Abbreviations: See Table 1.
SI conversion factors: See Table 1.

Table 3. Cumulative Incidence of Renal Outcomes in the Trialsa

Characteristic

%

Kumamoto4 UKPDS 3316 UKPDS 3417
VA Diabetes

Feasibility Trial5 ACCORD8 ADVANCE12 VADT11

Length of follow-up, median, y 6 10 10.7 2 5 5 6
Microalbuminuria 15.6 21.0b 23 44 23.5 24.7 11.5
Macroalbuminuria 3.9 5.0b NR 8.5 4.6 3.5 4.0
Doubling of serum creatinine level NR 1.0b NR NR 7.4 1.1 8.8
ESRD NR 0.6c 0.5 NR 2.8 0.5 1.0
Death from renal failure NR 0.3c 0.4 NR NR 0.5 NR

Abbreviations: ESRD, end-stage renal disease. For other abbreviations, see Table 1.
aCombined incidence in treatment and control arms.
bAt 9-year follow-up.
cAt study’s end (median follow-up, 11.1 years).
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fect on intense glucose therapy on
the outcome of microalbuminuria,
we excluded each study one by one.
Elimination of the VA Diabetes Fea-
sibility Trial5 from the microalbu-
minuria analysis reduced the I2 to
0%. This study was one of the small-
est and had a short duration of fol-
low-up (2 years). However, even af-
ter exclusion of the VA Diabetes
Feasibility Trial, the pooled RR was
not measurably different (RR, 0.91;
95% CI, 0.85-0.96).

We formally examined the rela-
tionship between the 5 study level
variables as continuous variables and
the risk for each of the renal end
points (eFigure 1; available at http:
//www.archinternmed.com). The
median year of enrollment, the years
since diabetes diagnosis, and the du-
ration of therapy (eFigure 1A-C)
were associated with only one end
point: risk for doubling of the se-

rum creatinine level. Furthermore,
these 3 meta-regressions were largely
driven by UKPDS 33, as this study
had the earliest median year (1984),
the shortest duration of years since
diagnosis (�1), and the longest du-
ration of therapy (11 years). The dif-
ference in achieved HbA1c was as-
sociated with greater benefit from
intensive glycemic control for both
microalbuminuria (�=−0.40 for ev-
ery percentage point of difference in
HbA1c, P=.01) and macroalbumin-
uria (�=−0.47, P=.008; eFigure 1D).
The median HbA1c achieved in
the intensive glycemic group was
not associated with magnitude of
the RR for any of the end points
(eFigure 1E).

RISK OF BIAS ASSESSMENT

The studies were generally of good
methodologic quality (eFigure 2 and

eFigure 3). The individual compo-
nents of The Cochrane Collabora-
tion’s tool for assessing risk of bias
are described in the subsections
that follow.

ALLOCATION

Two4,5 of the 7 trials did not clearly
state their methods for allocation
concealment. The results were not
quantitatively or qualitatively
changed when those trials were ex-
cluded from the analyses.

BLINDING

None of the studies were blinded; all
were open label after randomiza-
tion. Blinding of outcome assess-
ment was reported in all but one4 of
the included studies.

0.01 1001 100.1

Favors Intensive Favors Standard

Risk Ratio
M-H, Random (95% CI)Weight, %

27.3
29.3

1.3
19.6
12.2

7.6
2.5

100.0

Risk Ratio
M-H, Random (95% CI)

0.88 (0.80-0.96)
0.92 (0.86-0.98)
0.44 (0.16-1.17)
0.88 (0.75-1.04)
1.00 (0.77-1.30)
0.74 (0.51-1.07)
0.26 (0.13-0.52)

0.86 (0.76-0.96)

Standard Therapy

Study or Subgroup

ACCORD8,14

ADVANCE12

Kumamoto4,15

UKPDS 3316

UKPDS 3417

VADT11

VA Feasibility Trial5

Total events

Heterogeneity: τ 2 = 0.01; χ 2 = 16.71; P = .01; I 2 = 64%
Test for overall effect: z = 2.60; P = .009

Total (95% CI)

6

Intensive Therapy

Events

2540

720
1318

5
368
79
43
7

Total

3250
5571

52
2277
342
442
42

11 976

Events

2631

828
1434

11
172

95
61
30

Total

3273
5569

50
938
411
463

46

10 750

A Microalbuminuria

0.01 1001 100.1

Favors Intensive Favors Standard

Risk Ratio
M-H, Random (95% CI)Weight, %

39.3
42.5

0.2
10.4

6.2
1.4

100.0

Risk Ratio
M-H, Random (95% CI)

0.72 (0.60-0.86)
0.79 (0.67-0.93)
0.11 (0.01-1.94)
0.90 (0.60-1.35)
0.56 (0.33-0.96)
0.35 (0.11-1.13)

0.74 (0.65-0.85)

Standard Therapy

Study or Subgroup

ACCORD8,14

ADVANCE12

Kumamoto4,15

UKPDS 3316

VADT11

VA Feasibility Trial5

Total events

Heterogeneity: τ 2 = 0.00; χ 2 = 5.73; P = .33; I 2 = 13%
Test for overall effect: z = 4.24; P = .001

Total (95% CI)

5

Intensive Therapy

Events

520

195
230

0
72
20
3

Total

4397
5571

52
2277
693
24

13 014

Events

647

272
292

4
33
36
10

Total

4424
5569

50
938
703

28

11 712

B Macroalbuminuria

Figure 2. Pooled risk ratios (RRs), with 95% CI, by trial for end points of microalbuminuria and macroalbuminuria. Data on the incidence of microalbuminuria and
macroalbuminuria from United Kingdom Prospective Diabetes Study (UKPDS) 33 was reported in 3-year intervals. Because of the marked drop-off of patients with
outcomes reported at 9 years and beyond, data from the 6-year time point were chosen for the end points of microalbuminuria and macroalbuminuria. The incidences of
microalbuminuria at 9, 12, and 15 years were 19.2%, 23.0%, and 27.1% in the intensive group and 25.4%, 34.2%, and 39.0% in the conventional group, respectively.
The incidences of macroalbuminuria at 9, 12, and 15 years were 4.4%, 6.5%, and 7.9% in the intensive group and 6.5%, 10.3%, and 12.6% in the conventional group,
respectively. Intensive therapy was stopped earlier than planned in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial. Data on renal outcomes were
reported at transition to standard therapy (median follow-up, 3.5 years) and at study end (median follow-up, 5 years). The incidence of outcomes was taken from study
end for the main analyses. Use of data from transition did not significantly change the results for macroalbuminuria (pooled RR, 0.83; 95% CI, 0.72-0.95; I 2=68%) or
macroalbuminuria (pooled RR, 0.74; 95% CI, 0.65-0.84; I 2=17%). Bars represent the 95% CIs, the squares are proportional to the study weight, and the diamond is the
summary measure, with the lateral points indicating the 95% CI for this estimate. ADVANCE indicates Action in Diabetes and Vascular Disease: Preterax and Diamicron
MR Controlled Evaluation; M-H, Mantel-Haenszel; VA, Veterans Affairs; and VADT, Veterans Affairs Diabetes Trial.
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INCOMPLETE
OUTCOME DATA

There was a significant amount of in-
complete outcome data from sev-
eral of the studies. For example,
between 20% and 40% of the par-
ticipants were not assessed for the
end points of microalbuminuria and
macroalbuminuria in ACCORD,
UKPDS 33, UKPDS 34, and VADT.
However, the proportions with as-
sessment of these end points were

equal in both arms of each of these
studies, indicating low risk of bias.
Sensitivity analyses with exclusion of
the 4 aforementioned studies re-
sulted in similar results for microal-
buminuria and macroalbuminuria.

The proportion of missing
serum creatinine values during
follow-up was less than 5% in
ACCORD and VADT but was 45%
at 9 years in UKPDS 33. Again,
however, the proportion of studies
that were missing values was equal

in both arms; thus, the risk of bias
was low. Because patients were
unaware of either subnephrotic
proteinuria levels or serum creati-
nine values and because of the
equal proportions of missingness,
we believed that the missing data
occurred at random and were not
the result of differences in the out-
comes in the patients without the as-
sessments. Nevertheless, a sensitivity
analysis excluding UKPDS 33 did not
change the results qualitatively or
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Figure 3. Pooled risk ratios (RRs), with 95% CI, by trial for clinical renal end points (doubling of the serum creatinine level and end-stage renal disease [ESRD]).
Data on the incidence of doubling of the serum creatinine level from United Kingdom Prospective Diabetes Study (UKPDS) 33 was reported in 3-year intervals.
Because of the marked drop-off of patients with outcomes reported at 9 years and beyond, the data from the 6-year time point (n=3045) were chosen for
inclusion in the summary data. There was no significant difference in the magnitude or direction of effect at 9 and 12 years. At 9 years (n=2172), 0.71% vs 1.76%
(RR, 0.40; 95% CI, 0.14-1.20) and at 12 years (n=1054), 0.91% and 3.50% (RR, 0.25; 95% CI, 0.07-0.91) patients had doubling of the serum creatinine level in
the intensive vs conventional groups. At 15 years (n=170), 3.52% of patients in the intensive group and 2.80% of those in the convention group had doubling of
the serum creatinine level (RR, 1.25; 95% CI, 0.16-9.55). Data on the incidence of ESRD and death from renal disease are reported from the end of the study
period. Intensive therapy was stopped earlier than planned in ACCORD. Data on renal outcomes were reported at transition to standard therapy (median follow-up,
3.5 years) and at study end (median follow-up, 5 years). The incidence of outcomes was taken from study end for the main analyses. Use of data from transition
did not significantly change the results for doubling of the serum creatinine level (pooled RR, 1.08; 95% CI, 0.95-1.23; I 2=19%) or ESRD (pooled RR, 0.70;
95% CI, 0.45-1.08; I 2=45%). Other abbreviations and the graph elements are defined in the legend to Figure 2.
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quantitatively. The ascertainment for
the outcome of ESRD was com-
plete in all the studies that re-
ported the end point.

SELECTIVE REPORTING

There was evidence of selective re-
porting only by the UKPDS 34 study.
The UKPDS 34 study did not report
on the end point concerning the dou-
bling of the serum creatinine level,
whereas the UKPDS 33 study did so.

OTHER POTENTIAL
SOURCES OF BIAS

There was evidence of publication
bias by funnel plot analysis. This was
shown for the outcomes of microal-
buminuria, macroalbuminuria, and
doublingof the serumcreatinine level,
as small studies with a risk ratio
greater than the summary estimates
were missing for these outcomes.

COMMENT

In this systematic review and meta-
analysis of 7 RCTs of intensive gly-
cemic control in T2DM, a statisti-
cally significant reduction in
microalbuminuria and macroalbu-
minuria occurred with intensive
therapy. However, the data were in-
conclusive regarding the effect of in-
tensive glycemic control on clini-
cal renal outcomes defined as
doubling of the serum creatinine
level, ESRD, or death from renal dis-
ease. Our analysis demonstrates that,
after 163 828 patient-years of fol-
low-up in the 7 studies examined,
intensive glycemic control lessens al-
buminuria, but data are lacking for
evidence of a benefit for clinically
important renal end points. There
was a nonsignificant trend toward re-
duction of the end point of ESRD, a
surprising observation given the very
tight precision and null findings for
the end point of doubling of the se-
rum creatinine level that must pre-
cede ESRD. However, the absolute
rate of clinical renal outcomes in the
published studies was relatively low:
the pooled cumulative incidence of
doubling of the serum creatinine
level in the standard treatment group
of all trials that measured these out-
comes was only 4.1%,11,12,14,16 and for

ESRD, it was only 1.6%.11,12,14,16,17 The
low incidence of these end points
may render the number needed to
treat too large to justify intensive in-
sulin therapy (even assuming a treat-
ment effect) given the risks of se-
vere hypoglycemia and minimal
benefit for cardiovascular out-
comes and potential for increased
risk of death.8

As further detailed in the sec-
tion, multiple reasons may underlie
the lack of evidence for a beneficial
effect of tight glycemic control on
clinically significant renal end points
(ie, doubling of the serum creati-
nine level or ESRD) in this setting.
These include (1) intensive glyce-
mic control may have started too late
in the course of the disease;
(2) the duration of glycemic treat-
ment may have been insufficient,
(3) HbA1c levels were not reduced to
normal; (4) there may be a “ceiling
effect” that once HbA1c is reduced to
a moderate degree (eg, �7%), fur-
ther reduction does not benefit the
patient, especially in the setting of
other interventions, including use of
statins and antihypertensive medi-
cations; (5) competing risk of death;
and (6) inadequate statistical power
to detect a significant difference.

Is it possible that the glycemic in-
terventions started too late in the dis-
ease process to prevent the devel-
opment of clinical renal outcomes?
More years since diagnosis of T2DM
at time of enrollment trended to-
ward less reduction of doubling of
the serum creatinine level. In fact,
the only randomized controlled trial
that did not have an RR of 1 or more
for doubling of the serum creati-
nine level enrolled only patients with
newly diagnosed T2DM (UKPDS
33).16 Participants in the other stud-
ies had a mean duration of diabetes
of 8 to 12 years at the time of en-
rollment.11,12,14 Thus, it is possible
that, despite normal glomerular fil-
tration rate at the time of enroll-
ment, there was already a signifi-
cant amount of subclinical kidney
damage that occurred during the 8
or more years of “nonintensive” gly-
cemic control, making it too late to
change the usual progression of kid-
ney disease despite aggressive gly-
cemic management.

Alternatively, is it possible that the
durationof intensiveglycemic therapy

(or the duration of follow-up) was too
short to witness improvement in pro-
gressive CKD? Because the duration
of therapy was not exceedingly long
in any of the randomized controlled
trials that enrolled patients with
prevalent T2DM (generally approxi-
mately 5 years), it is impossible to an-
swer this question with any degree of
certainty. It is conceivable that a lon-
ger duration of intensive therapy is re-
quired to demonstrate an effect on
CKD or ESRD. Longer duration of
therapy was associated with a reduc-
tion in doubling of the serum creati-
nine level; however, this was again
driven by UKDPS 33, which en-
rolled patients with newly diag-
nosed T2DM. Furthermore, there was
no reduction in ESRD in UKPDS 33
or 34, despite the long duration of
treatment. Regardless, given that a
small and nearly equal percentage of
participants in both glycemic treat-
ment arms of all the studies exam-
ined developed CKD or ESRD, it can
be surmised that any potential differ-
ential benefit from intensive treat-
ment must be small. In contrast, data
from patients with type 1 diabetes
from the Diabetes Control and Com-
plications Trial/Epidemiology of Dia-
betes Interventions and Complica-
tions follow-up study18 demonstrate
that intensive glycemic control for 6.5
years reduced the incidence of im-
paired glomerular filtration rate by
50% over a median follow-up period
of 22 years. An analysis at 14 years af-
ter the start of The Diabetes Control
and Complications Trial was not able
to demonstrate a significant differ-
ence in the number of patients with
doubling of the serum creatinine
level.19 Thus, it may take 20 or more
years to witness the effect of inten-
sive glycemic control on clinical re-
nal outcomes.

Was the reduction in HbA1c

achieved in the trials of sufficient
magnitude? Four randomized con-
trolled trials4,5,11,14 achieved a differ-
ence in HbA1c of more than 1% with
intensive therapy vs standard
therapy. Although there was a strong
association between the difference
in HbA1c in the intensive vs stan-
dard groups and the risk of both mi-
croalbuminuria and macroalbumin-
uria, there was no association for the
end points of doubling of the se-
rum creatinine level or ESRD. Fur-
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thermore, although median HbA1c

achieved in the intensive care group
was not significantly associated with
any of the renal end points, there was
no greater qualitative benefit for de-
velopment of microalbuminuria and
macroalbuminuria and a trend to-
ward harm for the end point of dou-
bling of the serum creatinine level
in studies with lower achieved me-
dian HbA1c values. This suggests that
avoidance of excessive hyperglyce-
mia is necessary, but aggressive gly-
cemic control offers little advan-
tage and may be deleterious when
one accounts for the risk of severe
hypoglycemic events. Further-
more, given the multifactorial na-
ture and complexity of mecha-
nisms underlying the pathogenesis
of T2DM, it is important to investi-
gate whether control of other patho-
genic mechanisms—in addition to
intensive treatment of hyperglyce-
mia, hypertension, and dyslipid-
emia—might help prevent progres-
sive CKD in patients with T2DM.

Could the lack of apparent con-
vincing benefit for definite renal out-
comes be the result of competing risk
of death? For this to be operative, it
would presume that patients at risk
of developing the renal end point are
the same as those who are dying pre-
maturely, and thus when outcomes
are examined at the study level, the
higher rate of death in one group vs
the other does not allow for more par-
ticipants in that group sufficient time
to manifest the renal end point of in-
terest. However, the pooled risk of
death was not significantly different
between the 2 groups (RR, 0.98; 95%
CI, 0.84-1.15).9 If mortality was
higher in the standard treatment
group, there may have been a chance
for competing risk of death to mask
the renal benefit.

Finally, despite nearly 30 000 pa-
tients included in this meta-analysis,
we may have lacked adequate statis-
tical power to detect a significant dif-
ference inclinical renalendpointsbe-
tween the 2 groups. The incidence of
doublingof theserumcreatinine level
was503events in12 383participants
(4.1%)inthestandardtherapygroup.
Given the number of patients and a
2-sided�valueof .05,wewouldhave
been able to detect at least a 16% dif-
ference in the RR of the outcome be-
tween the 2 groups with 80% power

if there had been a significant differ-
ence.The incidenceofESRDwas204
in 13 117 patients (1.6%) in the stan-
dardtherapygroupand147in14 643
participants (1.0%) in the intensive
therapygroup,yielding98%powerat
a 2-sided � value of .05 to detect
whether this 31% RR reduction was
statisticallysignificant.Regardless,with
a baseline rate of ESRD so low in the
standard therapygroupand theover-
all lackofbenefit forcardiovascularor
all-cause mortality,9 it does not seem
prudent to expose patients to this
therapytoachieveanabsolute riskre-
ductionforESRDthatwillbe less than
1% in a best-case scenario.

In conclusion, results of our sys-
tematic review and meta-analysis sug-
gest that intensive glycemic control
reduces albuminuria, but evidence is
lacking that it prevents clinically
meaningful renal outcomes, such as
CKD, ESRD, and renal-related death,
in patients with T2DM measured dur-
ing the 3.5 to 10.7 years of the pub-
lished trials. Acknowledging the low
incidence of clinical renal outcomes
coupled with the apparent lack of
convincing benefit of intensive gly-
cemic control to prevent CKD and
ESRD in patients with newly diag-
nosed or existing T2DM, there is little
compelling reason to initiate inten-
sive glycemic control in midstage of
the disease with the aim of prevent-
ing renal failure.
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INVITED COMMENTARY

Understanding the Long-term Benefits and Dangers
of Intensive Therapy of Diabetes

O ne of the major challenges
of studying and treating
diabetes mellitus, a chronic

degenerative disease, is the ex-
tremely long time horizon involved
in the development of its complica-
tions. Our understanding of this time
course has largely been through the
study of type 1 diabetes mellitus
(T1DM), in which the onset of ab-
normal glycemia can be accurately
timed and there are relatively few co-
incident mediators of disease.

The earliest clinically detectable
signs of retinopathy, such as micro-
aneurysms, do not usually occur un-
til at least 5 years after development
of T1DM. More advanced stages of
retinopathy, including preprolifera-
tive retinopathy, require at least 10
years, and macular edema and pro-
liferative retinopathy, which can lead
to loss of vision, do not usually oc-
cur until 15 to 20 years of T1DM du-
ration. Similarly, nephropathy and
neuropathy usually manifest ini-
tially subclinically, with microalbu-
minuria and abnormal electrophysi-
ologic findings, respectively.1 They
advance over time to albuminuria and
physical findings including dimin-
ished thresholds for vibration and
light touch sensation. These subclini-
cal and early clinical findings are by
themselves not clinically significant;
however, with time they can pro-
gress to further injury and loss of
function with severe clinical conse-
quences. The development of end-
stage kidney disease requiring dialy-

sis or a transplant usually takes 25
years or more of T1DM duration.

Incontrast toT1DM, type2diabe-
tes mellitus (T2DM) often has an on-
set that is difficult to pinpoint, with
a duration that is frequently at least 5
yearslongerthanthatreflectedbyclini-
cal history, a surfeit of nonglycemic
riskfactorsforthemicrovascularcom-
plicationsandnonspecific cardiovas-
cular complications, and competing
comorbidities.1Nevertheless,theclini-
cal courseof the long-termmicrovas-
cular complications is largely similar
in T2DM as in T1DM, with the ma-
jor shared risk factors being the level
of chronic glycemia and duration of
exposure to hyperglycemia.2,3 Diabe-
tes is themajorcauseofblindness, re-
nal failure,andamputations inadults.

The introduction of intensive
therapy, with the goal of achieving
near-normal HbA1c levels and usual
achievement of a levelof approxi-
mately7%, has altered the clinical
course of retinopathy, nephropathy,
and neuropathy. The vast majority of
the clinical trials that established the
worth of intensive therapy in T1DM
and T2DM have been too brief to pro-
vide more than a snapshot of the rela-
tively early stages of diabetes compli-
cations. The 2 seminal studies, the
Diabetes Control and Complica-
tions Trial (DCCT) in T1DM4 and the
UKPDS in T2DM,5 reported average
follow-up periods of 6.5 and 11 years,
respectively. The DCCT included pri-
mary prevention and secondary in-
tervention cohorts (mean diabetes du-

rations of 3 and 9 years, respectively),
and the UKPDS included patients
with “newly-diagnosed” diabetes.
Both studies demonstrated consis-
tent major salutary effects of inten-
sive therapy on microvascular
complications compared with con-
ventional therapy, with the benefits
roughly proportional to the degree of
HbA1c separation achieved. In the
DCCT, the relative benefits of inten-
sive therapy for all complications were
greater in the primary prevention co-
hort, reinforcing the notion that in-
tensive treatment should be initi-
ated as early in the course of diabetes
as practical.4 Moreover, long-term fol-
low-up of the DCCT6 and UKPDS7 co-
horts has shown durable effects of
early intervention even after the dif-
ferences in glycemia between the
original intervention groups had dis-
sipated, referred to as metabolic
memory (DCCT) and legacy effect
(UKPDS). Finally, and most impor-
tantly from the clinical point of view,
long-term follow-up of the DCCT and
UKPDS cohorts (for a total ofapproxi-
mately 25 and 22 years, respec-
tively) has shown beneficial effects of
intensive therapy on the develop-
ment of more advanced clinical out-
comes, including cardiovascular
events.6-8 These data are the most per-
suasive argument that intensive
therapy, especially when initiated
early in the course of diabetes, is ef-
fective in reducing the otherwise com-
mon clinical consequences of long-
term complications.
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