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Abstract
Objective To examine the benefits of adding
salmeterol compared with increasing dose of inhaled
corticosteroids.
Design Systematic review of randomised, double
blind clinical trials. Independent data extraction and
validation with summary data from study reports and
manuscripts. Fixed and random effects analyses.
Setting EMBASE, Medline, and GlaxoWellcome
internal clinical study registers.
Main outcome measures Efficacy and exacerbations.
Results Among 2055 trials of treatment with
salmeterol, there were nine parallel group trials of
>12 weeks with 3685 symptomatic patients aged >12
years taking inhaled steroid in primary or secondary
care. Compared with response to increased steroids,
in patients receiving salmeterol morning peak
expiratory flow was greater at three months
(difference 22.4 (95% confidence interval 15.0 to 30.0)
litre/min, P < 0.001) and six months (27.7 (19.0 to
36.4) litre/min, P < 0.001). Forced expiratory volume
in one second (FEV1) was also increased at three
months (0.10 (0.04 to 0.16) litres, P < 0.001) and six
months (0.08 (0.02 to 0.14) litres, P < 0.01), as were
mean percentage of days and nights without
symptoms (three months: days—12% (9% to 15%),
nights—5% (3% to 7%); six months: days—15% (12%
to 18%), nights—5% (3% to 7%); all P < 0.001) and
mean percentage of days and nights without need for
rescue treatment (three months: days—17% (14% to
20%), nights—9% (7% to 11%); six months: days—20%
(17 to 23%), nights—8% (6% to 11%); all P < 0.001).
Fewer patients experienced any exacerbation with
salmeterol (difference 2.73% (0.43% to 5.04%),
P = 0.02), and the proportion of patients with
moderate or severe exacerbations was also lower
(2.42% (0.24% to 4.60%), P = 0.03).
Conclusions Addition of salmeterol in symptomatic
patients aged 12 and over on low to moderate doses
of inhaled steroid gives improved lung function and
increased number of days and nights without
symptoms or need for rescue treatment with no
increase in exacerbations of any severity.

Introduction
The 1997 British Guidelines on Asthma Management1

acknowledged the landmark study of Greening et al2

and recommended salmeterol as an alternative to
increasing the dose of inhaled corticosteroids in symp-
tomatic patients on beclometasone dipropionate (or
budesonide) 100-400 ìg (or fluticasone 50-200 ìg)
twice daily. Little guidance was given as to which choice
would benefit patients most because of a lack of
published data on respective outcomes. The dilemma
remains today. Usually studies have measured
improvement in lung function (peak expiratory flow
(PEF) or forced expiratory volume in one second

(FEV1)) as the primary variable, but a recent study
looked at exacerbation rates as the primary outcome
measure.3 Exacerbation data had been collected in
studies that looked at the addition of salmeterol but
not formally reported. We reviewed studies that
compared the addition of salmeterol with an increased
(at least double) dose of inhaled steroid (in patients
who had symptoms on low to moderate doses of
inhaled steroids) to see how rates of exacerbation were
affected by the addition of salmeterol.

Methods
Searches
We searched EMBASE, Medline, and GlaxoWellcome
databases before the analysis started in January 1998.
All publications and abstracts from 1985 onwards in all
languages were considered. In a further search in Sep-
tember 1999 we identified no additional studies that
fulfilled the search criteria. Study search and selection
was conducted by SS.

Selection
Criteria for selection of studies for inclusion in the
review were randomised controlled trial; direct
comparison between addition of salmeterol to current
dose of inhaled steroid and increased (at least
doubling) dose of current inhaled steroid for a
minimum of 12 weeks; and adults or adolescents (age
12 years or over) with symptomatic asthma on current
dose of inhaled steroids.

Quality assessment
All included studies were sponsored by GlaxoWell-
come and all met company-wide minimum quality
thresholds. All were randomised by using PACT
(patient allocation for clinical trials), an in-house, com-
puter based randomisation package validated by the
Food and Drug Administration. In all studies,
maintenance of the treatment blind was carefully man-
aged with adherence to in-house standard operating
procedures. In all studies, treatment packs were
supplied numbered in non-identifiable packaging and
were dispensed by investigators to the next sequential
patient to be randomised in the trial. All studies were
conducted according to good clinical practice, and all
had received ethical approval. In all studies, appropri-
ate statistical methods were used for summarising and
comparing treatments, and methods for handling
missing data were preplanned.

Data abstraction
Data abstraction was based on reported summary sta-
tistics (means, SD and SE, proportions) for the
intention to treat population. Two independent
coworkers extracted data from study reports and
manuscripts, and their results were compared. Discrep-
ancies were resolved by consensus. Severity of
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exacerbation was not reported in all studies, and so
individual patient datasets were sought and obtained in
all but two studies. Severity of exacerbation was
assessed independently by two coworkers, without
knowledge of treatment allocation or results, who
applied the following criteria: severe—requiring oral
steroids or admission to hospital; moderate—requiring
an increase in inhaled steroid medication; mild—
requiring an increase in use of rescue medication.

Quantitative data synthesis
For all measures, treatments were compared each
month and for months one to six (when available), with
primary interest in the comparisons at three and six
months. For peak expiratory flow (recorded by patients
twice daily, morning and evening, on diary cards) and
forced expiratory volume in one second (FEV1)
(recorded at clinic visits) the measure of effect was the
difference in means. Previous experience with these
measures provided assurance that they have approxi-
mately normal distributions. We used reported
treatment means or medians for the week or month (as
reported) immediately before the next assessment,
with previous experience again suggesting approxi-
mate normality. For symptoms and use of rescue medi-
cation (recorded by the patients on their diary cards)
the measure was the difference in the mean percentage
of days and nights without symptoms or use of rescue
medication. For these measures treatment means were
obtained as the mean of the patient means (or
medians, as reported), which were calculated over the
interval of interest. For exacerbations (recorded in case
record forms) the measure was the difference in the
percentage of participants with one or more exacerba-
tions.

The primary method of combining results was by
using a fixed effect model weighting according to
inverse study variance. Random effects estimators were
also calculated to provide an assessment of the degree
of heterogeneity.4 Evidence for statistical heterogeneity
was formally tested and the potential for publication
bias assessed by funnel plot.5 All analyses were
conducted with SAS v6.12.

Results
Trial flow
The results of the searches are presented in figure 1.
The presentation follows the suggested format
provided in the QUOROM statement.6 Among the
nine included studies, seven have, to date, been fully
published. We did not exclude any study that
compared the addition of salmeterol to an increase in
the dose of inhaled steroid in the management of
asthma in adults.

Study characteristics
The inclusion criteria and designs (all were parallel
group) for the individual studies are given in tables 1

Studies of salmeterol/salmeterol
xinafoate/Serevent (up to 1 Jan 1998)

(n=2055)
Studies excluded if not randomised controlled
clinical trials
(n=1536)

RCTs excluded if no comparison made
between SX and inhaled steroid (IS)
(n=489)

RCTs excluded if no comparison between
adding SX to IS and increasing dose of IS
(n=19)

RCTs excluded if not in adults or adolescents
with asthma (n=2)

RCTs of salmeterol/salmeterol
xinafoate/Serevent (SX) in one treatment arm

(n=519)

RCTs reporting comparison
of SX v inhaled steroid

(n=30)

RCTs reporting comparison of addition
of SX to IS v increasing dose IS

(n=11)

RCTs reporting comparison of addition
of SX to IS v increasing dose IS in
adults or adolescents with asthma

(n=9)

Fig 1 Results of search of EMBASE, Medline, and GlaxoWellcome clinical studies databases
for work on salmeterol/Serevent

Table 1 Inclusion criteria from individual studies of asthma treatment

Reference
Age

(years)

Inhaled
steroid

(ìg/day)

PEF/FEV1

reversibility
(%)

Diurnal/period
PEFR variation

(%)

Absolute lung
function as %

predicted
Symptoms
or score*

Rescue
therapy

use
Oral steroid

use Exacerbation

Greening2 >18 400 >15% >15% FEV1 >50% Yes Not in past 6
weeks

Ind7 8 16-75 1000-1600 PEF <90% Score >1
on >4 of

past 7 days

Not if regular >2 in past 12
months, >1 in past

6 months

Woolcock 9 >18 800-1000 >15% >15% Yes Yes

Kelsen10 >18 400 (for >3
months)

>12% FEV1 45-80% Yes

Murray11 >18 400 (for >3
months)†

>12% FEV1 45-80% Yes

Kalberg12 >12 400 FEV1 40-80% Yes

Condemi13 >12 400 FEV1 40-80% Yes

Van Noord14 18-75 400-600 10% >15% FEV1 >50% Yes None in past
3 months

Van Noord14 18-75 800-1200 10% >15% FEV1 >50% Yes None in past
3 months

Vermetten15 18-66 200-400 >15% PEF >60% None recently

*Patients were asked to record presence (yes) or absence (no) of symptoms or else to score their severity; higher scores indicate greater severity.
†Or triamcinalone acetonide 800 ìg/day.

Papers

1369BMJ VOLUME 320 20 MAY 2000 bmj.com

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.320.7246.1368 on 20 M
ay 2000. D

ow
nloaded from

 

http://www.bmj.com/


and 2. Treatment duration was 12 weeks in two studies
and six months (24-26 weeks) in the others. To be ran-
domised patients had to have symptoms on their
current dose of inhaled steroids, defined as having
symptoms (yes or no) or a minimum total (day plus
night) symptom score of at least 2 on at least four of the
last seven days of the run in period (symptom scale: 0
(none) to 4 (causing severe discomfort and preventing

normal daily activity3). When rescue medication was
required, patients must have needed to take rescue
treatment four times or more within 24 hours on four
of the last seven days of the run in period.

Quantitative data synthesis
Mean morning PEF and FEV1 were greater in those who
received added salmeterol compared with those treated
with an increased dose of inhaled steroids (table 3). At
three months, morning PEF was 22.4 litre/min higher
with the addition of salmeterol than with increased
inhaled steroid (P < 0.001), and at six months (data from
only the seven studies in which treatment duration was
six months) the difference was 27.7 litre/min in favour
of salmeterol (P < 0.001). The results for FEV1 were also
in favour of salmeterol by 0.10 litre (P < 0.001) and 0.08
litre (P < 0.01) at three and six months respectively.
There was no evidence of heterogeneity between studies
for either morning PEF or FEV1.

All studies reported the percentage of days and
nights without symptoms, and all recorded the
percentage of days and nights without the need for
rescue treatment. The results at three and six months
are shown in table 4. For all measures, at both time
points, mean values were higher among patients
receiving salmeterol (P < 0.001). There was consistent

Table 2 Individual study designs for treatment of asthma

Reference Country
No of

patients
Run in
(weeks)

Duration
(weeks)

Definition of
ITT*

Inhaled
steroid

Baseline dose
(ìg/day)

Comparison dose
(ìg/day)

Greening2 UK 426 2 26 1† BDP 400 1000

Ind7 8 Europe, Canada 336 4 24 1 Fluticasone 500 1000

Woolcock9 Worldwide 494 1-5 24 1 BDP 1000 2000

Kelsen10 US 483 2 24 2 BDP 400 (336)‡ 800 (672)

Murray11 US 514 2 24 2 BDP 400 (336)‡ 800 (672)

Kalberg12 US 488 2-4 24 2 Fluticasone 200 (176)‡ 500 (440)

Condemi13 US 437 2-4 24 2 Fluticasone 200 (176)‡ 500 (440)

Van Noord14 Holland 60 4 12 1 Fluticasone 200 (LD) 400 (LD)

Van Noord14 Holland 214 4 12 1 Fluticasone 500 (HD) 1000 (HD)

Vermetten15 Holland 233 2 12 1 BDP 200-400 800

BDP=beclometasone dipropionate.
*1—all patients randomised to treatment; 2—all patients randomised to treatment who took at least a single dose of study medication.
†430 patients were randomised, but data for four patients were reported as “unverifiable” and so these patients were not included in ITT population.
‡UK equivalent dose (dose leaving valve), with US dose (dose leaving mouthpiece) in parentheses.
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Fig 2 Study difference in proportion of patients with one or more
exacerbations

Table 3 Mean difference (95% confidence interval) in lung function, measured by morning peak expiratory flow (PEF) and forced
expiratory volume in one second (FEV1), between treatment with salmeterol and increased dose inhaled steroids at three and six
months

No receiving
added

salmeterol

No receiving
increased inhaled

steroid

PEF (litre/min) FEV1 (litre)

3 6 3 6

Reference

Greening2 220 206 23 (−2 to 48) 36 (9 to 63) 0.04 (−0.15 to 0.23) 0.04 (−0.15 to 0.23)

Ind7 8 171 165 19 (−5 to 44) 18 (−7 to 43) 0.00 (−0.20 to 0.20) 0.00 (−0.21 to 0.21)

Woolcock9 243 251 25 (4 to 46) 27 (4 to 50) 0.04 (−0.13 to 0.21) −0.05 (−0.22 to 0.12)

Kelsen10 239 244 30 (11 to 49) 33 (13 to 53) 0.21 (0.07 to 0.35) 0.17 (0.02 to 0.32)

Murray11 260 254 26 (8 to 44) 29 (9 to 48) 0.14 (0.00 to 0.28) 0.14 (−0.01 to 0.29)

Kalberg12 246 242 22 (−1 to 46) 27 (2 to 51) 0.08 (−0.06 to 0.22) 0.05 (−0.09 to 0.19)

Condemi13 221 216 24 (0 to 48) 22 (−3 to 47) 0.14 (−0.01 to 0.29) 0.15 (0.00 to 0.30)

Van Noord14 30 30 34 (−23 to 91) NA 0.18 (−0.29 to 0.65) NA

Van Noord14 109 105 −8 (−36 to 21) NA −0.06 (−0.28 to 0.16) NA

Vermetten15 113 120 19 (−9 to 47) NA NM NA

Pooled results

Fixed effect 22.4 (15 to 30) 27.7 (19 to 36) 0.10 (0.04 to 0.16) 0.08 (0.02 to 0.14)

Random effects 22.4 (15 to 30) 27.7 (19 to 36) 0.10 (0.04 to 0.16) 0.08 (0.02 to 0.14)

Heterogeneity statistic; df
(P value)

5.508; 9 (0.79) 1.391; 6 (0.97) 6.971; 8 (0.54) 5.976; 6 (0.43)

NA Not applicable as duration of treatment only three months. NM Not measured or available for this study.
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evidence of statistical heterogeneity between studies
for these measures (P < 0.10 in all cases). Comparison
of the confidence intervals calculated under the
random effects model with those obtained under the
fixed effect model, however, shows that the impact of
this heterogeneity was small and almost certainly clini-
cally unimportant. The confidence intervals calculated
under the random effects model for these measures all
exclude zero, with P<0.002 in all cases, confirming the
interpretation of the fixed effects model.

Results for exacerbations are shown in table 5. Total
exacerbations (any severity) were reduced significantly
(P = 0.020) with added salmeterol (by 2.73%; number
needed to treat = 37) compared with increased dose of
inhaled steroids (figs 2 and 3). Similar results were
obtained for moderate or severe exacerbations only
(reduced by 2.42%, P = 0.029; number need to
treat = 41). There was no evidence of heterogeneity
between studies for these measures.

Discussion
Asthma is now defined as a chronic inflammatory dis-
ease of the airways, and anti-inflammatory therapy is

regarded as the cornerstone of treatment.1 Despite the
use of inhaled corticosteroids to treat the inflamma-
tion, however, many patients continue to suffer from
symptoms. Though the addition of salmeterol to

Table 4 Mean percentage (95% confidence interval) of days and nights without symptoms or use of rescue treatment at three and six months (salmeterol
minus increased dose steroids)

Days without symptoms Nights without symptoms Days without rescue treatment Nights without rescue treatment

3 months 6 months 3 months 6 months 3 months 6 months 3 months 6 months

Reference

Greening2 2 (−7 to 11) 5 (−5 to 15) −2 (−10 to 6) 3 (−6 to 12) 7 (−3 to 16) 2 (−8 to 12) −1 (−9 to 8) 2 (−7 to 11)

Ind7 8 12 (3 to 22) 18 (8 to 28) 8 (0 to 16) 11 (3 to 20) 13 (3 to 23) 21 (10 to 31) 13 (4 to 22) 16 (7 to 25)

Woolcock9 17 (9 to 25) 20 (12 to 28) 14 (7 to 21) 14 (6 to 22) 19 (12 to 26) 22 (15 to 29) 18 (12 to 24) 15 (9 to 21)

Kelsen10 11 (4 to 18) 15 (7 to 23) 5 (0 to 9) 4 (0 to 8) 17 (10 to 25) 20 (12 to 28) 9 (3 to 14) 7 (1 to 13)

Murray11 13 (7 to 20) 19 (11 to 26) 8 (2 to 13) 9 (4 to 14) 21 (14 to 27) 24 (16 to 31) 10 (3 to 16) 12 (6 to 18)

Kalberg12 20 (13 to 27) 18 (10 to 26) 5 (1 to 9) 4 (0 to 8) 24 (16 to 31) 22 (15 to 30) 7 (2 to 12) 6 (1 to 11)

Condemi13 10 (3 to 17) 7 (−1 to 15) 0 (−5 to 4) 1 (−3 to 5) 19 (11 to 26) 19 (11 to 27) 3 (−2 to 9) 3 (−2 to 9)

Van Noord14 8 (−16 to 32) NA −5 (−30 to 20) NA 13 (−10 to 35) NA 16 (−2 to 34) NA

Van Noord14 9 (−3 to 21) NA 5 (−6 to 17) NA 16 (4 to 28) NA 10 (−1 to 21) NA

Vermetten15 1 (−10 to 12) NA 0 (−11 to 11) NA 6 (−5 to 16) NA 6 (−4 to 17) NA

Pooled results

Fixed effect 12 (9 to 15) 15 (12 to 18) 5 (3 to 7) 5 (3 to 7) 17 (14 to 20) 20 (17 to 23) 9 (7 to 11) 8 (6 to 11)

Random effects 11 (8 to 15) 15 (11 to 19) 5 (2 to 8) 6 (3 to 9) 16 (13 to 20) 19 (14 to 24) 9 (5 to 12) 9 (5 to 13)

Heterogeneity statistic;
df (P value)

16.340; 9 (0.06) 10.76; 6 (0.10) 16.840; 9 (0.05) 13.855; 6 (0.03) 15.000; 9 (0.09) 13.644; 6 (0.03) 21.373; 9 (0.01) 16.540; 6 (0.01)

NA Not applicable as duration of study treatment only three months.

Table 5 Numbers (%) of participants with one or more exacerbations of asthma according to severity and difference (95% confidence
interval) between treatment with salmeterol and increased dose of inhaled steroid

Any (mild, moderate, or severe) exacerbation Moderate or severe exacerbation

Salmeterol Inhaled steroid Difference Salmeterol Inhaled steroid Difference

Reference

Greening2 78/220 (35) 68/206 (33) −2.45 (−11.46 to 6.57) 19/220 (9) 18/206 (9) 0.10 (−5.25 to 5.45)

Ind8 60/171 (35) 60/165 (36) 1.28 (−8.97 to 11.53) 47/171 (27) 51/165 (31) 3.42 (−6.30 to 13.15)

Woolcock9 49/243 (20) 50/251 (20) −0.24 (−7.31 to 6.82) 40/243 (16) 42/251 (17) 0.27 (−6.29 to 6.84)

Kelsen10 37/239 (15) 42/244 (17) 1.73 (−4.86 to 8.33) 18/239 (8) 26/244 (11) 3.12 (−1.99 to 8.24)

Murray11 40/260 (15) 44/254 (17) 1.94 (−4.46 to 8.33) 19/260 (11) 31/254 (12) 1.05 (−4.50 to 6.61)

Kalberg12 20/246 (8) 32/242 (13) 5.09 (−0.37 to 10.56) 15/246 (6) 27/242 (11) 5.06 (0.09 to 10.03)

Condemi13 21/221 (10) 31/216 (14) 4.85 (−1.22 to 10.92) 19/221 (9) 26/216 (12) 3.44 (−2.26 to 9.14)

Van Noord14 0/30 2/30 (7) 6.67 (−3.33 to 16.67) NA NA NM

Van Noord14 15/109 (14) 13/105 (12) −1.38 (−10.41 to 7.65) NA NA NM

Vermetten15 9/113 (8) 17/120 (14) 6.20 (−1.79 to 14.19) NA NA NM

Pooled results

Fixed effect 2.73 (0.43 to 5.04) 2.42 (0.24 to 4.60)

Random effects 2.73 (0.43 to 5.04) 2.42 (0.24 to 4.60)

Heterogeneity statistic;
df (P value)

5.477; 9 (0.79) 2.687; 6 (0.85)

NA Not applicable: study treatment duration only three months. NM Not measured or available for this study.

Ind7 8

Greening2

Woolcock9

Kelsen10

Murray11

Kalberg12

Condemi13

Van Noord (low dose)14

Van Noord (high dose)14

Vermetten15

Fixed effects
Random effects

-15 -10 -5 0 5 10 15 20

Treatment difference (%)

Fig 3 Difference in proportion of patients with one or more
exacerbations (with 95% confidence intervals). Positive differences
indicate treatment benefit with addition of salmeterol
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inhaled steroids improves lung function and sup-
presses symptoms, previous work has not reported the
effect on exacerbations, which may be regarded as a
marker of underlying airway inflammation.

In this review we have shown that, compared with
increased doses of steroids, additional treatment with
salmeterol for symptomatic asthmatic patients on low
to moderate doses of inhaled steroids leads to greater
improvements in lung function and symptoms and to
reduced need for rescue treatments. Moreover, we
found no evidence of any increase in exacerbations,
suggesting that control of airway inflammation is not
compromised by this choice. For all or moderate or
severe exacerbations the number needed to treat was
about 40, suggesting that, compared with increasing
the dose of inhaled steroid, the addition of salmeterol
to the treatment of 40 patients with symptoms would
prevent exacerbations in one additional patient. This
updates work presented in abstract by Jenkins et al,16

who showed that in six of the studies included in this
analysis in which the baseline dose of beclometasone
was 400 ìg/day,2 10–15 the exacerbation rates at 24 weeks
were reduced more by the addition of salmeterol than
by increasing the steroid dose.

The application of these results to general practice,
however, reveals a potential weakness in the analysis
because of the method used to select patients for the
individual studies. In six of the nine included studies, a
requirement for entry was a demonstrable, clinically
relevant, response to â agonist (among other
requirements, see table 1). In the three other studies
absolute lung function measurements and the pres-
ence of symptoms were required but airway lability was
not a prerequisite. This meta-analysis therefore
represents a comparison among a defined population
of adult or adolescent patients with asthma who were
mainly responsive to â agonist and who had symptoms
on their current dose of inhaled steroid. In this popu-
lation those receiving an increase in inhaled steroid
responded less well to this change in treatment than
did those receiving the addition of the long acting
bronchodilator. It might be argued, though, that this is
not a surprising finding.

The individual study entry criteria, however, were
chosen to reflect the evolving guidelines for the
management of asthma that currently highlight the
dilemma of what option to follow for stable patients
who, nevertheless, still have symptoms on low to moder-
ate doses of inhaled steroids. The analysis presented
therefore examines the common decision facing
physicians in daily practice as they manage patients
according to the current guidelines. Patients who fail to
improve with bronchodilator are commonly classified as
having chronic obstructive pulmonary disease and are
treated according to a different set of agreed guidelines.

The results of this meta-analysis are consistent with
those obtained in the large FACET study.3 This study
examined the effect of adding eformoterol (12 ìg twice
daily) to either low dose (200 ìg/day) or high dose
(800 ìg/day) budesonide in the treatment of patients
who were previously symptomatic but had been stabi-
lised over four weeks on budesonide 1600 ìg per day.
This trial did not meet our inclusion criteria in several
respects and so was not included in this meta-analysis.
The similarity in findings, however, seems to suggest
that the observed treatment benefits might represent a

class effect rather than being specific to the drugs used
in the studies included in this meta-analysis.

In conclusion, giving salmeterol to patients who
have symptoms on at least 400 ìg beclomethasone per
day will result in better lung function, better control of
symptoms, less need for rescue medication, and fewer
exacerbations than increased doses of inhaled steroid.
Healthcare professionals faced with the dilemma of
deciding which option to follow (in the British Guide-
lines on Asthma Management1 at step 3) may find this
review helpful when deciding on the appropriate treat-
ment choice.
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Cost effectiveness of an intensive blood glucose
control policy in patients with type 2 diabetes:
economic analysis alongside randomised controlled
trial (UKPDS 41)
Alastair Gray, Maria Raikou, Alistair McGuire, Paul Fenn , Richard Stevens, Carole Cull,
Irene Stratton, Amanda Adler, Rury Holman , and Robert Turner on behalf of the United Kingdom
Prospective Diabetes Study Group

Abstract
Objective To estimate the cost effectiveness of
conventional versus intensive blood glucose control in
patients with type 2 diabetes.
Design Incremental cost effectiveness analysis
alongside randomised controlled trial.
Setting 23 UK hospital clinic based study centres.
Participants 3867 patients with newly diagnosed type
2 diabetes (mean age 53 years).
Interventions Conventional (primarily diet) glucose
control policy versus intensive control policy with a
sulphonylurea or insulin.
Main outcome measures Incremental cost per
event-free year gained within the trial period.
Results Intensive glucose control increased trial
treatment costs by £695 (95% confidence interval
£555 to £836) per patient but reduced the cost of
complications by £957 (£233 to £1681) compared
with conventional management. If standard practice
visit patterns were assumed rather than trial
conditions, the incremental cost of intensive
management was £478 ( − £275 to £1232) per patient.
The within trial event-free time gained in the intensive
group was 0.60 (0.12 to 1.10) years and the lifetime
gain 1.14 (0.69 to 1.61) years. The incremental cost
per event-free year gained was £1166 (costs and
effects discounted at 6% a year) and £563 (costs
discounted at 6% a year and effects not discounted).
Conclusions Intensive blood glucose control in
patients with type 2 diabetes significantly increased
treatment costs but substantially reduced the cost of
complications and increased the time free of
complications.

Introduction
Improved blood glucose control is known to decrease
progression of microvascular disease in patients with

type 1 diabetes, and the cost effectiveness of this policy
has been reported using data from the diabetes control
and complications trial.1 Without information on clini-
cal treatments and their long term impact on disease
progression it has not been possible to assess the cost
effectiveness of similar strategies in patients with type 2
diabetes. Previous economic evaluations have used
existing knowledge of the disease epidemiology to
consider specific aspects of disease progression such as
retinopathy.2 3 Model-based evaluations have also been
reported, the most inclusive of which predicted rates of
microvascular complications, cardiovascular disease,
and mortality.4 5 The United Kingdom prospective
diabetes study provides, for the first time, the necessary
clinical information on both microvascular and
macrovascular complications to allow the cost effec-
tiveness of an improved glucose control policy in
people with type 2 diabetes to be analysed. The median
10 year follow up in the study makes it possible to esti-
mate long term resource implications of type 2
diabetes and its complications directly from trial data.6

Methods
Participants and comparisons
A total of 5102 newly diagnosed patients with type 2
diabetes, defined as fasting plasma glucose above
6 mmol/l on two occasions, aged 25-65 years (mean
age 53) were recruited in 23 centres. After initial
dietary treatment, 4209 patients had fasting plasma
glucose concentrations of 6.1-15 mmol/l without
symptoms of hyperglycaemia. Of these, 342 overweight
patients were randomised to metformin, leaving 3867
patients who entered the main randomisation and
were allocated either to conventional management
(mainly through diet, 1138 patients), or to intensive
management with insulin (1156) or sulphonylureas
(1573). The aim of the conventional policy was to
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