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A Cost-Effectiveness Analysis of
Angiotensin-Converting Enzyme Inhibitors
and Angiotensin Receptor Blockers in

Diabetic Nephropathy
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Anastasios N. Lasaridis, MD, PhD

The aim of this study was to estimate the cost-ef-
fectiveness of renin-angiotensin-aldosterone system
blockers in patients with diabetic nephropathy. A
cost-effectiveness analysis was performed based on
a meta-analysis of studies investigating the effect
of angiotensin-converting enzyme (ACE) inhibitors
and angiotensin receptor blockers (ARBs) as part
of a treatment regimen on the incidence of end-
stage renal disease (ESRD) in patients with dia-
betic nephropathy. The primary outcome was the
cost to prevent 1 patient from developing ESRD.
Cost analysis was performed from a third-party
payer perspective in 2006 US dollars. As part of a
treatment regimen, ARBs significantly reduced the
incidence of ESRD and doubling of serum creati-
nine concentration (P<.05) but not total mortal-
ity. The cost to prevent 1 patient from developing
ESRD was $31,729 (95% confidence interval,
$19,443-$85,442; P<.01), $189,190 (P=.13) and
$51,585 (P=.068) for patients receiving ARBEs,
ACE inbibitors, or either of them, respectively.
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This study demonstrates that blocking the RAAS,
which delays the progression to ESRD, appears to
be cost-effective. The current analysis favors ARBs
in terms of cost-effectiveness. (] Clin Hypertens.
2007;9:751-759) ©2007 Le Jacq

Diabetic nephropathy is the leading cause of
end-stage renal disease (ESRD), accounting
for about 30% of new cases in the European
Union! and more than 40% in the United States.?
The incidence of ESRD is increasing, and by
2004 some 1,783,000 persons worldwide were
estimated to be on treatment for ESRD.? Because
ESRD is associated with a substantial clinical and
economic burden that significantly impacts health
care systems, expenditures on ESRD will increase
and facilities that deliver health care for ESRD
may be overburdened. In the United States, ESRD
costs are projected to rise from $18.5 billion in
2004 (6.7 % of the total Medicare budget) to about
$28.3 billion in 2010.>*

In Greece, there has also been an increase in the
frequency of both diabetes and ESRD.%¢ The inci-
dence of ESRD has doubled over the past decade
and was estimated at 195 new patients per million
of the general population in 2004, one of the high-
est rates in Europe.! In 2003, the total economic
burden of renal replacement therapy (RRT) in the
Greek social insurance system accounted for about
1.03% of social insurance expenditures.”

The pathogenesis of diabetic nephropathy is
related to chronic hyperglycemia, and the mecha-
nisms by which the latter leads to ESRD include
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hypertension; complex interactions of growth fac-
tors, angiotensin II, and endothelin; hemodynamic
alterations in the renal microcirculation; and struc-
tural changes in the glomerulus.® Agents that block
the renin-angiotensin-aldosterone system (RAAS)
have been shown to interfere with many of the
above factors and may delay the progression to
ESRD.%? Pharmacologic blockade of the RAAS is
related to additional costs for the health care system;
these need to be balanced against treatment costs
for ESRD. Economic evaluations of angiotensin-
converting enzyme (ACE) inhibitors or angiotensin
receptor blockers (ARBs) based on single clinical
trials have recently been performed,”-'%13 suggest-
ing that treatment of patients with diabetic neph-
ropathy with these agents results in substantial cost
savings. The overall cost benefit of treatment with
RAAS blockers, based on a systematic review of
the effects of these drugs on ESRD incidence in dia-
betic nephropathy, has not been estimated, however.
Moreover, because of the huge structural differences
in health care systems, the costs associated with
ESRD cannot be extrapolated a priori and uncondi-
tionally to all countries; separate cost-effectiveness
analyses are necessary.'* This is particularly impor-
tant in Greece, which has a distinct public health
care system, a complex hybrid of “Beveridge” and
“Bismark” types, with fragmented funding and
delivery and unreasonably high expenditures.!'3-'¢
The primary aim of the current study was to esti-
mate the cost-effectiveness of RAAS-blocking agents
in patients with diabetic nephropathy in Greece,
based on a meta-analysis of the relevant studies.
Secondary objectives include estimating the cost sav-
ings per patient receiving RAAS blocker and investi-
gating the applicability of the results to US findings.

METHODS

A cost-effectiveness analysis was performed based on
a systematic review and meta-analysis of randomized
controlled trials investigating the effect of ACE inhib-
itor— or ARB-based treatment regimens compared
with treatment programs that did not include an
RAAS inhibitor on the incidence of ESRD in patients
with diabetic nephropathy. The number needed to
treat (NNT) to prevent 1 patient from developing
ESRD was estimated. The primary outcome of the
analysis was the cost to prevent 1 patient from devel-
oping ESRD and the secondary outcome was the cost
savings per patient receiving an RAAS blocker.

Systematic Review and Meta-Analysis

A systematic literature search of MEDLINE/PubMed
and EMBASE databases was performed to identify
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English-language original articles on the effects of
RAAS blockers in diabetic nephropathy in humans
published from 1977 (when ACE inhibitors were
approved by the US Food and Drug Administration
for clinical use in humans) through December 31,
2006. Medical subject heading terms and search
words used were “angiotensin-converting enzyme
inhibitors,” “captopril,” “enalapril,” “cilazapril,”
“enalaprilat,” “fosinopril,” “lisinopril,” “perindo-
pril,” “ramipril,” “saralasin,” “angiotensin recep-
tor antagonists,” “angiotensin receptor blockers,”
“losartan,” “irbesartan,” “valsartan,” “olmesar-
tan,” “candesartan,” “eprosartan,” and “telmis-
artan” combined with “diabetes” or “diabetic
nephropathy.” Reference lists of identified articles,
including previous relevant meta-analyses and nar-
rative reviews”!”1? were also evaluated for addi-
tional relevant studies and information.

Inclusion criteria for the meta-analysis were as
follows: eligible studies had to be randomized con-
trolled trials in adults and examine the effect of an
ACE inhibitor- or ARB-based treatment regimen
compared with regimens that did not include these
medications on the incidence of ESRD in patients
with diabetic nephropathy. The studies also had
to have a minimum follow-up of 1 year and had
to have been published as full-length articles in
peer-reviewed English-language journals. Studies
in both types of diabetes mellitus and all stages of
diabetic nephropathy were included.

The first 2 authors assessed each identified
trial independently. They extracted data on the
characteristics of the participants, interventions,
comparisons, and outcomes (ESRD, doubling of
serum creatinine concentration, all-cause mortal-
ity). Standard criteria to assess the quality of the
trials were used (allocation concealment, intent-
to-treat analysis, percentage of loss to follow-
up, blinding). Differences in data between the 2
authors were resolved by consensus.

The treatment effects were summarized as rela-
tive risks and risk differences (means with 95%
confidence intervals), using the DerSimonian and
Laird random effects model to pool the data. The
overall risk difference of ESRD was estimated just
for the trials that had reported >1 patients develop-
ing ESRD, to calculate the NNT. The assumption
of heterogeneity of treatment effects between stud-
ies was tested with chi-square tests, and P values
<.05 indicate heterogeneity across combined stud-
ies.?® Analyses were performed using SPSS 13.0
(SPSS Inc, Chicago, IL), Review Manager 4.2 for
Windows (Wintertree Software Inc, The Cochrane
Collaboration, Oxford, England), and EasyMA
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Treatment No Treatment RR (random) Weight RR (random)

ESRD n/N n/N 95% Cl % 95% Cl
01 ACE inhibitors vs p or no it

Ravid et al*' 0/49 0/45 Not estimable
Mathiesen et al*' 0/19 0/21 Not estimable
Katayama et al* 0/104 0/27 Not estimable
Capek et al® 0/9 0/6 Not estimable
Parving et al* 0/15 3/17 ¢ 0.25 0.16 [0.01, 2.88]
Lewis et al*® 20/207 31/202 _t 7.50 0.63 [0.37, 1.07]
Micro-HOPE*2 5/553 6/587 1.50 0.88 [0.27, 2.88]
DIABHYCAR study*s 11/2443 12/2469 _— 3.14 0.93 [0.41, 2.10]
Subtotal (95% CI) 3399 3374 - 12.39 0.70 [0.47, 1.06]
Total events: 36 (treatment), 52 (no treatment)
Test for heterogeneity: Chiz = 1.76, df = 3 (P = .62), 2= 0%
Test for overall effect: Z = 1.68 (P = .09)
02 ARBs vs placebo or no treatment

Parving et al* 0/389 0/201 Not estimable
Brenner et al? 147/751 194/762 - 58.39 0.77 [0.64, 0.93]
Lewis et al®® 82/579 101/569 —a— 29.22 0.80 [0.61, 1.04]
Subtotal (95% CI) 1719 1532 < 87.61 0.78 [0.67, 0.91]
Total events: 229 (treatment), 295 (no treatment)
Test for heterogeneity: Chi2 = 0.05, df = 1 (P =.82), I2=0%
Test for overall effect: Z=3.18 (P = .001)
Total (95% Cl) 5118 4906 L 2 100.00 0.77 [0.67, 0.89]
Total events: 265 (treatment), 347 (no treatment)
Test for heterogeneity: Chiz = 2.01, df =5 (P = .85), I2=0%
Test for overall effect: Z = 3.57 (P = .0004)

Figure 1. Effect of angiotensin-converting enzyme (ACE) inhibitor-based or angiotensin receptor blocker (ARB)-based ther-
apy compared with regimens without renin-angiotensin-aldosterone system (RAAS) inhibitors on renal outcomes (end-stage
renal disease [ESRD] and doubling of serum creatinine concentration). RR indicates relative risk; CI, confidence interval.

2001 Software (software for meta-analysis of clini-
cal trials, Department of Clinical Pharmacology,
Lyon, France).

Cost-Effectiveness Analyses

Cost-effectiveness analysis was performed from
the perspective of the Greek social security sys-
tem, which covers 100% of all direct costs for the
management of ESRD. The cost of pharmaceuti-
cal treatment was estimated based on the price
reported in the last edition of the Greek National
Formulary (updated in 2006)*! multiplied by the
mean days of therapy by daily dose in each study.
The daily doses and the duration of the treat-
ment were estimated from the included studies. A
weighted average cost of treatment was calculated
for each drug class. The lifetime ESRD direct cost
was calculated using the cost of RRT in Greece
as estimated in a recent study by our group’ and
the expected remaining lifetimes of the ESRD
patients.! All costs were discounted at a rate of 3%
per year and are reported in 2006 Euros (€) [1€ =
$1.34; 2007 values].

Total mortality and cardiovascular morbidity and
mortality were not included in the model because
there were no significant differences between the treat-
ment groups in 2 of the major studies (the Reduction
of Endpoints in NIDDM With the Angiotensin
Il Antagonist Losartan [RENAAL] study?’> and
Irbesartan in Diabetic Nephropathy Trial [IDNT]%3);
thus, these parameters did not affect the direct medi-
cal costs. Since there were no significant differences

THE JOURNAL OF CLINICAL HYPERTENSION

in the incidence of side effects (with the exception
of cough with ACE inhibitors) and use of non-
study medications between treatment groups in both
studies, 223 it was assumed that there was also no
difference in the cost related to side effects and non-
study medications between the groups.”!! Doubling
of serum creatinine (DSC) concentration was not
included in the model because it did not affect the
direct medical costs.”!! The costs associated with
the patient’s follow-up (eg, cost of clinical visits and
monitoring of urine protein excretion, serum crea-
tinine, and potassium) were not included because
this monitoring should be performed routinely in all
individuals with diabetes and renal disease?*; there-
fore, there should again be no difference between the
groups with regard to these costs.”!!

Sensitivity analyses tested the effect of modify-
ing the input parameters on the economic end
points. To examine the applicability of the findings
to the US setting, the epidemiologic data, prices,
and charges were substituted with the respective
levels of the US setting.>?’

RESULTS

Meta-Analysis of Studies With RAAS Blockers in
Diabetic Nephropathy

Of the 1028 originally identified articles, 1004 were
excluded because of nonrandomized design, lack
of diabetic nephropathy patients, no evaluation
of renal outcomes, follow-up <1 year, or dupli-
cate publication. Of the remaining 24 studies, 20
(7269 patients) compared an ACE inhibitor-based
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Outcome: ESRD
Study Treatment No Treatment RD (random) Weight RD (random)
or subcategory n/N n/N 95% ClI % 95% ClI
01 ACE inhibitors vs p or no tr
Parving et al® 0/15 3/17 —_— 2.85 -0.18 [-0.38, 0.03]
Lewis et al?® 20/207 31/202 —a] 13.73 -0.06 [-0.12, 0.01]
Micro-HOPE* 5/553 6/587 L 23.38 0.00 [-0.01, 0.01]
DIABHYCAR study* 11/2443 12/2469 [ 23.86 0.00 [0.00, 0.00]
Subtotal (95% CI) 3218 3275 4 63.82 -0.0030 [-0.0144, 0.0085]
Total events: 36 (treatment), 52 (no treatment)
Test for heterogeneity: Chiz = 11.23, df = 3 (P = .01), 2=73.3%
Test for overall effect: Z=0.63 (P =.13)
02 ARBs vs placebo or no treatment
Lewis et al® 82/579 101/569 - 18.05 -0.04 [-0.08, 0.01]
Brenner et al?? 147/751 194/762 - 18.13 -0.06 [-0.10, -0.02]
Subtotal (95% CI) 1330 1331 ’ 36.18 -0.0474 [-0.0773, -0.0176]
Total events: 229 (treatment), 295 (no treatment)
Test for heterogeneity: Chi2 = 0.58, df = 1 (P = .45), 12 = 0%
Test for overall effect: Z = 3.12 (P = .0018)
Total (95% Cl) 4548 4606 ‘ 100.00 -0.0153 [-0.0317, 0.0011]
Total events: 265 (treatment), 347 (no treatment)
Test for heterogeneity: Chi? = 95.88, df = 5 (P <.00001), I = 94.8%
Test for overall effect: Z = 1.64 (P = .068)

-0.5 -0.25 0 0.25 0.5

Favors treatment

Favors no treatment

Figure 2. Risk difference of angiotensin-converting enzyme (ACE) inbibitor-based or angiotensin receptor blocker
(ARB)-based treatment compared with regimens without renin—an;iotensin—aldosterone system (RAAS) blockade on

incidence of end-stage renal disease (ESRD). RD indicates risk dif]

regimen with treatment that did not include an
ACE inhibitor and 4 (3329 patients) compared ARB
treatment with non-ARB therapy, with a weighted
mean follow-up of 41.62 months (Table I).

Eight of the trials with ACE inhibitors reported
weak evidence of a reduced risk of ESRD and DSC
concentration, but 3 trials with ARBs showed a signif-
icantly reduced risk of ESRD and DSC concentration.
The overall treatment effect was in favor of the RAAS
blockade when compared with non-RAAS treatment
in reducing the risk of ESRD (10,024 patients; relative
risk, 0.77; 95% confidence interval [CI], 0.67-0.89;
P=.0004) and DSC concentration (10,005 patients;
relative risk, 0.75; 95% CI, 0.63-0.90; P=.002)
(Figure 1). Statistically significant reductions in total
mortality were not found in the 20 trials evaluating
ACE inhibitors (relative risk, 0.91; 95% CI, 0.71-
1.17; P=.48) or in the 4 trials with ARBs (relative risk,
0.99; 95% ClI, 0.85-1.17; P=.95).

The risk difference of ESRD was statistically
significant only for the RENAAL study?? and
for the overall effect of ARBs (RENAAL study
and IDNT) (Figure 2).?2?3 The risk difference
was not statistically significant in trials with
ACE inhibitors, which reported progression to
ESRD,26:294245 or for the overall effect of both
ACE inhibitors and ARBs, because these analy-
ses were dominated by the Microalbuminuria
Cardiovascular Renal Outcomes—Heart Outcomes
Prevention Evaluation (MICRO-HOPE)*? and the
Noninsulin-Dependent Diabetes, Hypertension,
Microalbuminuria, Proteinuria, Cardiovascular

VOL. 9 NO. 10 OCTOBER 2007

erence; Cl, confidence interval.

Events, and Ramipril (DIABHYCAR) studies,*
which contributed 23.38% and 23.86%, respec-
tively, to the weight of the summary estimate.

The NNT to prevent 1 patient from devel-
oping ESRD was 21 (95% CI, 12.94-56.82),
which means that only 21 patients with diabetic
nephropathy needed to receive ARBs for 3 years
(weighted mean follow-up) to prevent 1 patient
from developing ESRD. The mean NNT to pre-
vent 1 patient from developing ESRD was 333 for
patients receiving ACE inhibitors (P=.61) and 65
for patients receiving any of the agents that block
the RAAS (P=.068); these results were not statisti-
cally significant (upper 95% confidence limit could
not be estimated because the corresponding CI of
the risk differences included zero.)

Cost-Effectiveness Analyses
The weighted mean lifetime direct cost of ESRD
from the perspective of the public insurance sys-
tem organizations was estimated at $195,692
(€146,039) in Greece and $265,374 in the United
States for a 65-year-old diabetic patient (mean age
of the studies’ populations) (Table II). The mean
weighted acquisition cost per patient per year for
ACE inhibitors, ARBs, and the average of both
in Greece is $144.92, $763.50, and $291.39,
respectively, and in the United States is $355.15,
$1090.16, and $529.18, respectively.

The cost to prevent 1 patient from developing
ESRD was therefore $31,729 (95% CI, $19,443-
$85,442) for the patients receiving ARBs, and
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Table II. The Weighted Mean Lifetime Direct Cost of End-Stage Renal Disease (Discounted at 3%, in US $)
FirsT YEAR AvVerRAGE CosT  ExPECTED REMAINING EsTABLISHED
Cosr, $ PPPY, s LIFETIME, Y THERAPY, % LireTiME CoST, $

Greece®

Dialysis 46,796.34 42,585.89 4.40 81.80 191,588.36

Renal transplantation 36,026.07 21,720.55 9.20 18.20 214,134.62

ESRD 195,691.78
United States®

Dialysis 72,000.00 68,108.53 3.70 71.11 255,893.04

Renal transplantation 108,000.00 19,858.38 10.10 28.89 288,711.23

ESRD 265,374.22
Abbreviations: ESRD, end-stage renal disease; PPPY, per patient per year. *Data for Greece are available from European Renal
Association-European Dialysis and Transplant Association Annual Report 2004! and a relative study by Stafylas and colleagues.”
PData for the United States are available from US Renal Data System Annual Data Report 2006.

the net cost savings per patient over 3 years of
treatment was $7770 (95% CI, $1940-$13,631)
in Greece. The net cost savings per patient receiv-
ing ARBs was also statistically significant in the
United States (Table III). For patients receiving
ACE inhibitors, the cost to prevent 1 patient from
developing ESRD was $189,190 in Greece, but this
strategy was not cost-saving in the United States.
For patients receiving ACE inhibitors or ARBs, the
net cost savings per patient was more than $2000
in both settings, but these results did not reach
statistical significance (P>.05 for overall effect) and
there was heterogeneity among combined trials
(P<.05 for heterogeneity).

Results of sensitivity analyses consistently indi-
cated the benefits of ARBs. The modification of
inclusion criteria in the meta-analysis (inclusion of
trials reporting zero incidence of ESRD) did not
qualitatively change the results, but the risk differ-
ence of ARB-based regimens was not statistically
significant anymore (P=.64). Modification of the
economic parameters failed to change the outcome
of the analysis with respect to cost-effectiveness. The
increase in drug acquisition cost and the inclusion of
the cost of clinical and laboratory monitoring of the
patients with diabetic nephropathy reduced the net
cost savings per patient, but the results still favored
ARB:s. If the analysis was performed from a broader
social perspective, the net cost savings would be
even greater because of the substantially higher total
(direct and indirect) costs of ESRD. The applicabil-
ity of the conclusions to the US setting supports the
robustness of the current study.

DISCUSSION

The present study demonstrated that treatment of
patients with diabetic nephropathy with agents that
block the RAAS as part of the treatment regimen
is cost-effective, resulting in a 23% reduction of
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the incidence of ESRD and in net cost savings for
the insurance system organizations. The findings
appear to favor ARBs; the results are statistically
significant (P<.05) only for this drug class, with
net cost savings per patient of more than $7770
compared with $20 for ACE inhibitors (P=.61)
and $2205 for ACE inhibitors or ARBs (P=.068) in
Greece. The cost to prevent 1 patient from devel-
oping ESRD was $51,585 for the patients receiving
RAAS-blocking agents ($31,729 for ARBs com-
pared with $189,190 for ACE inhibitors).

In the United States, the main findings were
also applicable, but treatment with ACE inhibitors
did not result in cost savings. The net cost savings
per patient receiving ARBs were about $10,577
(P<.01). For patients receiving ACE inhibitors or
ARBs, the net cost savings per patient was more
than $2000, but these results did not reach statisti-
cal significance (P>.05 for overall effect) and there
was heterogeneity among combined trials (P<.05
for heterogeneity).

The weighted mean lifetime direct cost of ESRD
from the perspective of the insurance system orga-
nizations was estimated at $195,692 (€146,039)
in Greece and $265,374 in the United States for a
65-year-old diabetic patient (mean age of the study
population). The lower cost of ESRD in Greece is
due to lower physician fees and salaries of person-
nel in the Greek National Health Service, the lower
charges for blood tests, and the fact that the cost of
RRT embraces a different range of services.

In the current meta-analysis, RAAS blockers
were found to be renoprotective, with about a
23% reduction in risk of ESRD and 25% reduction
in risk of DSC. In contrast, the included studies
have not shown a reduction in all-cause mortal-
ity. ARBs significantly reduced the risk of ESRD
and DSC (22% and 21%, respectively). The point
estimates of effect of all outcomes favored ACE
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needed to confirm these findings before economic
evaluations are performed. It should be noted that
in all of the cited trials, a diuretic was used with the
RAAS inhibitors in a large number of cases.

Limitations

A major limitation of this study was the perspec-
tive of the cost analysis. Although economic
evaluations should ideally be conducted from a
societal perspective,®® this analysis was conducted
from the perspective of the Greek social security
system, which covers almost 100% of the popu-
lation.'® The estimated cost of ESRD is a good
approximation of the cost to the social security
system under current reimbursement policies and
it permits the generalization and comparability of
results across studies. It should be noted that the
results of this analysis are particularly relevant
to the cost-containment efforts initiated through
the recent reform of the Greek National Health
Service.!® If we needed to perform this study from
the societal perspective, this method would have
underestimated the real cost of ESRD and conse-
quently the net cost savings per patient, given that
the costs do not include patient out-of-pocket costs
or productivity losses. The costs of the clinical and
laboratorial monitoring before the development
of ESRD were also not included in the analysis,
because these were performed routinely in all
patients with diabetes and nephropathy.?* The
acquisition cost of nonstudy medications was not
included in the study because there was just a small
but not significantly greater use in the non-RAAS
treated groups!'2%234245; this would obviously
augment the cost-effectiveness ratio. Other limita-
tions were the small number of included trials and
the indirect comparison between ACE inhibitors
and ARBs by using other agents as a common
comparator; there were no trials directly compar-
ing the 2 agents and reporting incidence of ESRD.
Another possible limitation was the heterogeneity
of the included studies, mainly concerning the type
of diabetes and the level of albuminuria. Therefore,
the results favoring ARBs should be interpreted
with caution.

CONCLUSIONS

Treatment of patients with diabetic nephropathy
with RAAS-blocking agents is a cost-effective strat-
egy that resulted in a reduction in the incidence of
ESRD and in net cost savings for the insurance sys-
tem of more than $2000 per patient over 3 years
of treatment. Thus, this study adds data from an
idiosyncratic setting to the existing evidence that
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ARBs and ACE inhibitors should be used as initial
antihypertensive therapy in patients with diabetic
nephropathy. In most cases, other medications are
necessary to reduce BP to goal levels. The relative
risk reduction of ESRD and the net cost savings
were statistically significant for ARBs but not for
ACE inhibitors. The current analysis favored the
use of ARBs, which resulted in substantially more
net cost savings than ACE inhibitors. An economic
evaluation of an adequately powered comparative
trial of ACE inhibitors compared with ARBs with
renal and all-cause mortality as primary outcomes
would be informative about the incremental cost-
effectiveness of the 2 agents.
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