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Irbesartan Treatment Reduces Biomarkers of
Inflammatory Activity in Patients With Type 2 Diabetes

and Microalbuminuria
An IRMA 2 Substudy

Frederik Persson,' Peter Rossing,' Peter Hovind," Coen D.A. Stehouwer,”> Casper Schalkwijk,>

Lise Tarnow,' and Hans-Henrik Parving':?

The impact of irbesartan treatment on biomarkers of low-
grade inflammation, endothelial dysfunction, growth fac-
tors, and advanced glycation end products (AGEs) during
the Irbesartan in Patients with Type 2 Diabetes and Mi-
croalbuminuria (IRMA 2) study was evaluated. IRMA 2 was
a 2-year multicenter, randomized, double-blind trial in
patients comparing irbesartan (150 or 300 mg once daily)
versus placebo. The primary end point was onset of overt
nephropathy. A subgroup (n = 269, 68% ) was analyzed for
biomarkers at baseline and after 1 and 2 years. High-
sensitivity C-reactive protein (hs-CRP), interleukin (IL)-6,
fibrinogen, adhesion molecules, transforming growth fac-
tor-f3, and AGE peptides were assessed. Irbesartan treat-
ment yielded significant changes in hs-CRP (based on
generalized estimating equation regression coefficient)
with a 5.4% decrease per year versus a 10% increase per
year in the placebo group (P < 0.001). Fibrinogen de-
creased 0.059 g/l per year from baseline versus placebo’s
0.059 g/l increase per year (P = 0.027). IL-6 showed a 1.8%
increase per year compared with placebo’s 6.5% increase
per year (P = 0.005). Changes in IL-6 were associated with
changes in albumin excretion (P = 0.04). There was no
treatment effect on the other biomarkers. Irbesartan (300
mg once daily) reduces low-grade inflammation in this
high-risk population, and this may reduce the risk of micro-
and macrovascular disease. Diabetes 55:3550-3555, 2006
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n diabetes, the activity of the renin-angiotensin-
aldosterone system (RAAS) is elevated in circulation
and various tissues and organs (1-3). The enhanced
RAAS activity plays an important role in the hemo-
dynamic and the nonhemodynamic pathogenetic mecha-
nisms involved in kidney and cardiovascular disorders.

Although interventions that diminish RAAS activity in
diabetes have been shown to be beneficial (4-6), the
mechanisms remain incompletely understood. In this con-
text, it is relevant that the pathogenesis of micro- and
macroalbuminuria in diabetes may involve endothelial
dysfunction, low-grade inflammation, growth factors such
as transforming growth factor (TGF)-B, and advanced
glycation end product (AGE) peptides (7,8) and that all of
these have been postulated to be affected by interventions
in the RAAS (7,9-14). In addition, these mechanisms,
especially endothelial dysfunction and low-grade inflam-
mation, may also be important in explaining the link
between microalbuminuria and risk of fatal and nonfatal
cardiovascular disease (15-17).

The Irbesartan in Patients with Type 2 Diabetes and
Microalbuminuria (IRMA 2) study showed that inhibiting
the angiotensin II type 1 (AT;) receptor with 300 mg
irbesartan once daily protected against developing overt
nephropathy (18), and other trials have shown that block-
ing the AT, receptor in patients with type 2 diabetes and
diabetic nephropathy reduces progression of nephropathy
and some cardiovascular outcomes, particularly hospital-
ization for heart failure (19,20). In 60 mostly nondiabetic
patients with established coronary artery disease, irbesar-
tan treatment has shown beneficial effect on markers of
low-grade inflammation and endothelial dysfunction (9).
However, the impact of blocking the RAAS on markers of
inflammation, endothelial dysfunction, TGF-8, and AGE
peptides in patients with type 2 diabetes with microalbu-
minuria has not been investigated.

The aim of this post hoc analysis from the IRMA 2 study
population was to investigate if irbesartan treatment had
an impact on the biomarker levels compared with placebo
and, in addition, to investigate whether the favorable effect
of irbesartan on urinary albumin excretion rate seen in the
principal core study could be due to amelioration of one or
more biomarkers.
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TABLE 1

Baseline characteristics of 269 patients with type 2 diabetes and microalbuminuria

Irbesartan group

Characteristics (300 mg) Placebo group P
n 143 126

Age (years) 57.3 £ 8.0 58.4 + 9.0 0.30
Male sex 100 (69.9) 84 (66.7) 0.57
Caucasian 138 (96.5) 125 (99.2) 0.22
Known diabetes duration (years) 9.1 (0-36) 9.9 (0-36) 0.35
Smoking 22 (15.4) 24 (19.0) 0.43
BMI (kg/m?) 29.8 44 304 4.3 0.24
Systolic blood pressure (mmHg) 154.0 = 13.0 153.7 £ 14.6 0.85
Diastolic blood pressure (mmHg) 91.7 £ 9.7 89.7 = 84 0.07
A1C (%) 6.9 = 1.7 7.1*+1.6 0.50
LDL cholesterol (mmol/l) 34 +09 3.7+ 1.0 0.06
HDL cholesterol (mmol/l) 1.1 +0.3 1.2 +£0.3 0.25
Triglycerides (mmol/l) 2.0 (0.3-11.6) 1.8 (0.2-12.1) 0.10
Creatinine (pmol/l) 93.7 £ 14.1 94.6 + 15.0 0.79
Urinary albumin excretion rate (mg/24h) 74 (29-251) 73 (26-239) 0.89

Data are means *= SD, n (%), or median (range).

RESEARCH DESIGN AND METHODS

The IRMA 2 study was a 2-year multicenter, randomized, double-blind trial in
patients with type 2 diabetes and microalbuminuria comparing irbesartan (150
or 300 mg once daily) versus placebo on top of conventional antihypertensive
treatment (18). A total of 590 randomized patients were followed for a median
of 2 years. The patients were randomly assigned to receive 150 mg irbesartan
once daily, 300 mg irbesartan once daily, or matching placebo once daily.

In the original study, the primary end point was onset of overt nephropathy
(persistent albuminuria >200 pg/min and at least 30% higher than the baseline
level). The aim of this post hoc analysis was primarily to evaluate the effect of
irbesartan treatment on the biomarker levels and, secondarily, to investigate
whether the favorable effect of irbesartan on urinary albumin excretion rate
seen in the principal study was associated with changes in one or more
biomarkers.

The trial enrolled hypertensive patients, ranging in age from 30 to 70 years,
with type 2 diabetes, persistent microalbuminuria (defined as an albumin
excretion rate 20-200 pg/min in two of three consecutive, sterile, overnight
urine samples), and a serum creatinine concentration of no more than 1.5
mg/dl (133 pmol/1) for men and no more than 1.1 mg/dl (97 pmol/1) for women.
Type 2 diabetes was diagnosed according to the criteria of the World Health
Organization.

The patients were examined at the time of randomization, 2 and 4 weeks
after randomization, and at 3, 6, 12, 18 and 22-24 months. A clinical
examination; measurements of blood pressure, urinary albumin excretion,
serum creatinine concentration, and HbA,. (A1C) concentration; and other
laboratory evaluations were performed at each visit. All assessments of urine
and blood were performed at a central laboratory. The urinary albumin
concentration was determined by nephelometry (21) and serum creatinine
concentration by Jaffe reaction with the use of a Hoffmann-LaRoche kit (22).
A1C (normal range 2.7-5.8%) was measured by ion-exchange high-perfor-
mance liquid chromatography (23).

The target blood pressure 3 months after randomization was <135/85
mmHg. Additional antihypertensive drugs included diuretics, B-blockers,
calcium-channel blockers (except dihydropyridines), and a-blockers; ACE
inhibitors were not allowed. Patients continued to receive their usual care for
diabetes. No restriction on dietary salt or protein was implemented.
Laboratory analyses. A broad panel of biomarkers was chosen in order to
asses the impact of irbesartan treatment on low-grade inflammation, endothe-
lial dyfunction, AGE peptides, and TGF-B. Of the 590 subjects randomized, 409
had a follow-up after 2 years. Unfortunately, all samples from the 150 mg
irbesartan group were discarded by error. However, there was no significant
effect of the irbesartan treatment in the main study in the 150 mg irbesartan
group compared with the placebo group. Eventually, samples for assessment
of AGE peptides, TGF-B, and biomarkers of low-grade inflammation (high-
sensitivity C-reactive protein [hs-CRP], interleukin [IL]-6, and fibrinogen) and
endothelial dysfunction (soluble vascular cell adhesion molecule-1 [sVCAM-
1], soluble intercellular adhesion molecule-1 [SICAM-1], and soluble E-selec-
tin) were available from a total of 269 patients receiving either placebo or 300
mg irbesartan once daily (68% of these two groups). Samples were only
available to allow determination of these biomarkers at baseline and after 1
and 2 years of treatment. It should be mentioned that sSICAM-1 also can be
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regarded as a marker of low-grade inflammation but in this analysis was
considered a marker of endothelial dysfunction.

Analyses of the biomarkers were all (except fibrinogen) performed at a
central lab by C.S. hs-CRP was determined by enzyme immunoassays (normal
range 0.13-3.0 mg/l) as previously described (24). Commercially available
enzyme-linked immunosorbent assay kits were used for measurements of
plasma sVCAM-1 (normal range for assay 538-1,286 ng/ml), SICAM-1 (98-647
ng/ml), soluble E-selectin (Diaclone), and IL-6 (Quantikine High Sensitivity;
R&D Systems, Oxon, U.K.).

Total TGF-3 was measured by an ELISA Development system (R&D
Systems). AGE peptide measurement was performed with a simple analytical
procedure as described by Wrobel et al. (25). Fibrinogen was analyzed at Bio
Analytical Research Corporation (Ghent, Belgium) using the Clauss method
(STA Compact).

Demographic and clinical data were analyzed for variance by independent
samples ¢ test. Urinary albumin excretion rate and non-normally distributed
biomarker levels were log transformed before analysis. (Fibrinogen levels
were normally distributed as opposed to all other biomarkers; hence, it is
expressed in absolute changes versus change in percentage.) For hs-CRP, we
also looked at how many subjects shifted risk category according to American
Heart Association guidelines (low, <1; average, 1-2; and high, >2 mg/1) (26).

We used generalized estimating equation (GEE) analyses (27) when
evaluating the changes in biomarkers with time in each group and the effect
of time and treatment in the whole group. This is a regression model for
evaluation of repeated measurements evaluating time-dependent changes and
associations between variables over time. In additional models, we adjusted
for baseline values of sex, age, duration of diabetes, creatinine clearance,
presence of any retinopathy, and smoking status (yes/no); for values at
baseline and during follow-up of urinary albumin excretion, mean arterial
blood pressure, A1C, weight, cholesterol, presence of any retinopathy, and
smoking status (yes/no) were adjusted. For log-transformed variables, the
GEE regression coefficient was back transformed and expressed in percent.
GEE correlations were also used to investigate possible associations between
changes in albuminuria and changes in biomarkers. Urinary albumin excretion
was considered the dependent variable, and biomarker levels, duration of
diabetes, mean blood pressure, A1C, age, sex, smoking status, and retinopathy
were treated as independent variables. GEE analyses were performed with
Stata (version 8.0). All other calculations were made using SPSS (version 13.0;
SPSS, Chicago, IL). Adjustment for multiple comparisons was not performed,
but all performed analyses are presented. A P value <0.05 was considered
significant in two-sided tests.

RESULTS

The clinical characteristics of the 269 subjects included in
this substudy are given in Table 1. The two subgroups
were well matched for all demographic and clinical base-
line data. When comparing the substudy population (n =
269) with the 590 subjects included in the principal study,
no significant differences were found in any of the baseline
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characteristics, except for A1C, which was lower in the
substudy population (7.0 vs. 7.3%, P = 0.036).

The biomarker results are shown in Table 2. There were
no significant differences in the level of the markers of
inflammation, endothelial dysfunction, AGE peptides, and
TGF-B between the groups at baseline. During the 2 years
of follow-up, hs-CRP levels in the 300 mg irbesartan group
changed (based on GEE regression coefficients) —5.4%
(95% CI —11.5 to 1.2) per year from baseline geometric
mean of 3.13 mg/l (2.62-3.74) versus the 10% (—0.04 to
21.0) increase per year from baseline geometric mean 2.96
mg/l (2.43-3.61) in the placebo group. The effect of treat-
ment (based on the GEE regression coefficient) was
—24.9% (—35.6 to —12.3) during follow-up compared with
placebo (P < 0.001). For IL-6, there was a 1.8% (—3.1 to
7.0) increase per year in the 300 mg irbesartan group from
baseline 2.98 pg/ml (2.65-3.36) compared with placebo’s
6.56% (0.4-13.1) increase per year from 3.12 pg/ml (2.80—
3.48). The treatment effect during follow-up was —13.6%
(—22.0 to —4.3) (P = 0.005). Fibrinogen decreased in the
treatment group —0.059 g/1 (—0.13 to 0.0159) per year from
baseline 3.49 g/1 (3.34-3.63) versus the placebo group’s
0.059 g/1 (—0.028 to 0.15) per year increase from baseline
3.62 g/l (3.37-3.67). The treatment effect during follow-up
was —0.16 g/1 (—0.30 to —0.018) (P = 0.027). The treat-
ment effect on all the markers of inflammation remained
significant after adjustment for baseline values of sex, age,
known duration of diabetes, creatinine clearance, and
current levels of arterial blood pressure, A1C, cholesterol,
and weight. There was significant sex difference in hs-CRP
levels at baseline but no sex difference in treatment effect
(data not shown). As seen in Table 2, there was no
significant treatment effect on any of the other biomarkers.

For hs-CRP, we found that 32 treated subjects (23%) and
17 placebo subjects (14%) shifted to a lower American
Heart Association risk category, whereas 32 subjects
(26%) in the placebo group and 19 subjects (13%) in the
treatment group shifted to a higher category (P = 0.005).
hs-CRP was higher in women compared with men, but
there was no interaction with treatment effect.

We found an association between the change in albu-
minuria during the 24 months and the change in IL-6 levels
(P = 0.04). A doubling of IL-6 levels was associated with
an 8.8% (95% CI 0.3-19) increase in urinary albumin
excretion after adjustment for baseline values of age, sex,
duration of diabetes, creatinine clearance, smoking status,
and retinopathy and baseline and follow-up levels of
markers of inflammation, arterial blood pressure, AlC,
weight, and cholesterol. If also adjusted for treatment, the
association with IL-6 was weakened (P = 0.056). The
interaction term of treatment and IL-6 was not significant
(P = 0.38).

In the same model, the coefficients for hs-CRP and
fibrinogen were nonsignificant. Only 18 of 269 patients in
the substudy reached the primary end point in the original
study (macroalbuminuria), 5 in the irbesartan group and
13 in the placebo group (P < 0.05). Thus, the substudy was
not powered to assess if the treatment effect on biomark-
ers can explain effects on the development of persistent
macroalbuminuria or on the incidence of cardiovascular
events.

DISCUSSION

In this post hoc analysis of a randomized, double-blind,
placebo-controlled trial, we found that treatment with 300
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mg irbesartan once daily yielded significant reductions of
hs-CRP and fibrinogen compared with an increase in the
placebo group after 2 years. In addition, treatment atten-
uated the increase with time in IL-6. Since low-grade
inflammation is thought to be involved in the pathogenesis
of micro- and macroalbuminuria and as interventions in
the RAAS affect progression of disease (e.g., the main
IRMA 2 study), we hypothesize that the beneficial impact
on inflammatory markers that we find could at least in part
explain the effect of irbesartan treatment on the develop-
ment of macroalbuminuria in the main study. In addition,
we investigated a broad panel of other biomarkers asso-
ciated with progression of nephropathy and cardiovascu-
lar disease and saw no significant impact on markers of
endothelial dysfunction, TGF-B, and AGE peptides.

Preventing progression of microalbuminuria to overt
nephropathy is possible through aggressive treatment with
irbesartan and by reducing other risk factors. It is not yet
known whether this renoprotective treatment also yields
cardiovascular protection by reduction of low-grade in-
flammation, a risk factor for cardiovascular disease. To
our knowledge, no studies of the effect of irbesartan
treatment on markers of inflammation and endothelial
dysfunction have been performed in patients with type 2
diabetes and microalbuminuria. In a 6-month placebo-
controlled study with another angiotensin receptor
blocker, losartan (50 mg daily), in 80 subjects with type 2
diabetes and microalbuminuria, no change in plasma hs-
CRP was found, despite a significant reduction in mean
albumin excretion rate in the losartan group (12). There is
scarce literature on the effects of blocking the AT, recep-
tor in other similar high-risk populations. In a recent study
by Ridker et al. (28) in 1,668 patients with stage-two
hypertension, valsartan monotherapy resulted in 13.3%
lower levels of hs-CRP compared with valsartan/hydro-
chlorothiazide combination therapy. In patients with cor-
onary artery disease, Schieffer et al. (9) treated 21 subjects
with 300 mg irbesartan once daily and 27 subjects with 20
mg ramipril once daily for 3 months. In the irbesartan
group, there was a significant reduction in serum IL-6 and
hs-CRP levels. Schram et al. (10) found that 12 months of
aggressive antihypertensive therapy based on hydrochlo-
rothiazide, candesartan, or lisinopril reduced levels of
sVCAM-1 and sICAM-1, whereas von Willebrand factor and
hs-CRP were unaffected. The 70 subjects with type 2
diabetes had hypertension and most had normoalbumin-
uria (14 subjects with microalbuminuria); thus, this popu-
lation may not have been at high risk of imminent
progression to diabetic nephropathy.

In a study with 199 hypertensive nondiabetic subjects,
Fliser et al. (11) found that olmesartan reduced serum
levels of hs-CRP and IL-6 significantly after 6 weeks. With
the exception of the losartan study (12), our findings
regarding markers of low-grade inflammation seem to be
consistent with previous findings with similar compounds
in other high-risk populations, but our analyses comprise a
much longer follow-up and a larger number of subjects.

Blocking the AT, receptor in this population may influ-
ence low-grade inflammation through several pathways
(29). Angiotensin Il increases smooth muscle lipoxygenase
activity, which can increase inflammation and the oxida-
tion of LDL cholesterol (30). Angiotensin II also elicits IL-6
production by smooth muscle cells (31). During the 2-year
treatment period, there was no significant treatment effect
on markers of endothelial dysfunction (SICAM-1, sV-
CAM-1, and soluble E-selectin) or AGE peptides and
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TGF-B levels. Gasic et al. (32) found that blocking the
RAAS in a different way using an ACE inhibitor (fosinopril)
decreased levels of sSVCAM-1 in borderline hypertensive
patients with type 2 diabetes and microalbuminuria, and
Andersen et al. (33) found that 2 months of treatment with
losartan or enalapril in 16 patients with type 1 diabetes and
overt diabetic nephropathy reduced levels of sSVCAM-1 but
did not affect levels of von Willebrand factor or hs-CRP. In
a study (13) with 33 normotensive subjects with stable
coronary artery disease, 24 weeks of irbesartan treatment
showed a 36% reduction in soluble VCAM-1 levels. It thus
seems as if there may be an initial decrease in sVCAM-1
levels after onset of treatment, which can be seen as early
as after 12 weeks. In our study, the first measurement after
initiation of treatment was after 1 year. It was thus not
possible to assess if there was an earlier effect of irbesar-
tan treatment on the sVGCAM-1 levels.

It has been suggested that TGF- acts as a mediator of
renal fibrosis caused in part by angiotensin II; thus, the
blocking of the AT, receptor was expected to decrease
levels of TGF-B (34). Treatment with losartan reduces
urinary levels of connective tissue growth factor, a cyto-
kine mediator of the profibrogenic effects of angiotensin II,
acting downstream from TGF-$ (35). In the present study,
there was no effect of irbesartan treatment on plasma
TGF-B, although this does not exclude an effect on local
renal levels of the biomarker.

Changes in IL-6 were correlated with changes in urinary
albumin excretion rate. This suggests that the observed
reduction in the increase in IL-6 by treatment is associated
with the reduction in urinary albumin excretion, or a
possible link between impact on inflammation and devel-
opment of microvascular lesions, although only demon-
strated for one of the markers of inflammation.

In our study, we evaluated the effect of irbesartan
treatment on several biomarkers that are closely linked to
increased cardiovascular risk in patients with type 2
diabetes (17). The markers of low-grade inflammation
(hs-CRP, IL-6, and fibrinogen) were all significantly influ-
enced by the treatment, whereas the markers of endothe-
lial dysfunction, TGF-B, and the AGE peptides were
unaffected.

The 2003 statement from the American Heart Associa-
tion/Centers for Disease Control and Prevention regarding
the association between markers of inflammation and
cardiovascular disease concludes that the current evi-
dence has been derived from observational studies and
post hoc analyses and that there is additional need for
randomized trials where the intervention is intended to
directly alter inflammation (26). This is the first major
intervention study in patients with type 2 diabetes and
microalbuminuria but still only a post hoc study. The
results must be interpreted with caution, but the interest-
ing effect on markers of inflammation should spark new
trials with change in markers of inflammation as the
primary end point.

A meta-analysis of IRMA 2, the IDNT (Irbesartan in
Diabetic Nephropathy Trial), and the RENAAL (Reduction
of Endpoints in NIDDM with the Angiotensin II Antagonist
Losartan) study showed a relative risk reduction of fatal
and nonfatal cardiovascular events when comparing an-
giotensin receptor blockers to conventional antihyperten-
sive treatment (36). Whether the reduction in low-grade
inflammation we have found translates into fewer cardio-
vascular events in this population remains to be seen;
however, recently published statin trials support that
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hypothesis, although one has to be cautious when com-
paring studies with different treatment in other patient
populations. In the Reversal of Atherosclerosis with Ag-
gressive Lipid Lowering (REVERSAL) trial, reduction in
CRP levels during statin treatment was associated with
slower rate of progression of atherosclerosis (37), and in
the PROVE IT-TIMI (Pravastatin or Atorvastatin Evalua-
tion and Infection Therapy: Thrombolysis in Myocardial
Infarction) 22 trial, the group achieving CRP <2 mg/l had
better clinical outcomes (38). The magnitude of change in
our study is in line with the changes in the REVERSAL
trial; the treatment effect on hs-CRP in our study is ~25%,
whereas it was 22% in the REVERSAL population, leading
to lower rate of progression in atheroma volume. Larger
trials with sufficient follow-up are needed to investigate
such hypotheses in patients with type 2 diabetes and
micro- and/or macroalbuminuria. It is a limitation that not
all of the 590 subjects randomized in the primary study
were available for analysis in this substudy where only 68%
of the patients in the placebo and the 300 mg irbesartan
group had available samples for biomarker analyses, but
the substudy population did not differ from the primary
study population. In the RENAAL study, it was found that
losartan had different treatment effects in diverse ethnic
populations (39). As 97% of the included subjects in the
IRMA 2 study were Caucasian, the effect in different ethnic
groups could not be evaluated in our study. Also it could
have been of great interest to genotype the study popula-
tion, since irbesartan is metabolized in large part by the
cytochrome P450 CYP2C9 and since 15-20% of Caucasians
have CYP2C9 2* and 3* resulting in decreased enzyme
activity (40). Since no DNA samples were taken, this was
not possible.

In conclusion, treatment with 300 mg irbesartan once
daily during 24 months reduces low-grade inflammation in
this high-risk population. This may contribute to the effect
on the risk of microvascular disease, as changes in IL-6
were associated with changes in albuminuria. Additional
studies are needed to test the hypothesis that this reduces
the risk of cardiovascular disease.
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