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Abstract

Purpose Non-steroidal anti-inflammatory drugs (NSAIDs)
are known to antagonize the effects of antihypertensive
drugs, and these associations can lead to an increase in
arterial blood pressure. However, the impact of NSAIDs
on hypertension treatment management in large-scale pop-
ulations remains poorly evaluated. We examined whether
the introduction of NSAID into the treatment regimen
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would induce an intensification of hypertension treatment
(defined as the introduction of a new antihypertensive drug).
Methods We conducted a cohort study involving 5,710 hy-
pertensive subjects included in the French health insurance
system database who had been treated and stabilized with
their antihypertensive therapy and not exposed to any
NSAID between 1 April 2005 and 1 April 2006. The max-
imum follow-up duration was 4 years.

Results Adjusted hazard ratios (HR) for hypertension treat-
ment intensification were 1.34 [95% confidence interval
(CI) 1.05-1.71] for NSAIDs in general, 1.79 (95% CI 1.15-
2.78) for diclofenac and 2.02 (95% CI:1.09-3.77) for pir-
oxicam. There were significant interactions between
NSAIDs and angiotensin converting enzyme inhibitors
(ACEIs; HR 4.09, 95% CI 2.02-8.27) or angiotensin recep-
tor blockers (ARBs; HR3.62, 95% CI 1.80-7.31), but not
with other antihypertensive drugs.

Conclusions Exposure to NSAIDs leads to an intensifica-
tion of hypertension treatment, especially in patients treated
with ACEIs or ARBs. Renin—angiotensin system blockers
should be avoided whenever NSAIDs are prescribed.

Keywords Anti-inflammatory agents, non-steroidal -
Antihypertensive agents - Cohortstudies - Druginteractions -
Insurance, health, reimbursement - Pharmacoepidemiology

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) can antag-
onize the effects of antihypertensive drugs by inhibiting
cyclooxygenase (COX) and prostaglandin synthesis [1, 2].
This can lead to an increase in arterial blood pressure, as has
been fully described in several clinical trials and meta-
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analyses [3], and partly explain the increase in cardiovascu-
lar morbidity and mortality associated with this class of
drugs. This risk has been underscored by several “dear
doctors letters” sent by European Medicines Agency to all
potential prescribers in recent years [4].

The increase in blood pressure can be limited by hyper-
tension treatment intensification (addition of a new antihy-
pertensive or increase in dosage) [5, 6]. The effect of
intensifying hypertension treatment has also been suggested
to be beneficial for patients with suboptimal adherence [7].
Several studies have demonstrated that the main factors
leading to hypertension treatment intensification among un-
controlled patients are systolic and diastolic blood pressure,
respectively [8—11]. Blood pressure levels remains the main
target in hypertension treatment management.

The impact of NSAIDs on hypertension treatment man-
agement in large-scale populations remains poorly evalu-
ated. Identification and quantification of the potential
association between NSAIDs and hypertension treatment
intensification could increase the awareness of doctors
and patients and lead to changes in prescribing patterns.
Thus, we conducted a cohort study on subjects treated and
stabilized with their antihypertensive drugs to investigate
if the introduction of NSAIDs into their treatment regimen
could induce an intensification of their antihypertensive
therapeutic regimen.

Methods
Study design

This study is a pharmacoepidemiological retrospective co-
hort study.

Data sources

In France, a publicly funded healthcare system covers all of
the population. The French health insurance system data-
base collects information on the French population and
categorizes this information into four categories: demo-
graphic characteristics of users, characteristics of health
professionals, data concerning health facilities and reim-
bursement data (drug, laboratory, radiology, medical acts)
[12]. For the category drug dispensing, the database con-
tains information on the date of dispensing, quantity of
dispensed drug expressed in defined daily doses (DDDs),
and prescriber. Drugs are classified according to the Ana-
tomical Therapeutic Chemical system [13]. Only informa-
tion on drugs prescribed and reimbursed by the French
health system are recorded in the database (thus excluding
drugs not reimbursed, delivered during hospitalizations or
sold over-the-counter).
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Study population

We extracted a random sample (sample rate: 5%, as provid-
ed by the French health insurance system database) of
adults living in the Midi-Pyrénées area (2,600,000 inhabi-
tants) between 1 April 2005 and 1 April 2006 and having at
least two reimbursements of the same antihypertensive drug
during this period; individuals receiving any NSAID (in-
cluding topical, injectable and oral forms) during this period
were excluded. Antihypertensive drugs included beta-
blocking agents, angiotensin converting enzyme inhibitors
(ACElIs), angiotensin receptor blockers (ARBs), diuretics
(except eplerenone), calcium channel blockers (except
bepridil) and other drugs (centrally acting antihypertensive
drugs, minoxidil and dihydralazine). Fixed combinations
were analyzed as separate drugs. Patients undergoing an
intensification of their hypertension treatment in the
6 months before inclusion (between 1 October 2005 and 1
April 2006) were excluded. Inclusion in the study was
determined on 1 April 2006 for all patients, and the maximal
follow-up was 4 years (until 31 March 2010). Patients were
considered lost to follow-up when there was no drug reim-
bursement for more than 3 months. Data were extracted and
analyzed anonymously in conformity with the French Law
of Privacy [14].

Drugs and morbidity

For each patient, exposure to each antihypertensive drug
was defined as the period between the first and the last
month of reimbursement for this drug. For NSAIDs, expo-
sure started on the first reimbursement date. The duration of
NSAID treatment was estimated from the number of DDDs,
corresponding by definition to the number of days under
treatment. In the case of overlapping NSAID reimburse-
ments, we extended the treatment duration with the number
of overlapping days. Only exposure to oral and injectable
NSAIDS marketed in France during the period of study
were taken into account. Topical NSAIDs (gels and ophthal-
mic solutions) were excluded from the analysis.

Several drugs (platelet aggregation inhibitors, blood glu-
cose lowering drugs, lipid modifying agents and antineopla-
sic and immunomodulating agents) were used as proxies of
comorbidities. Cardiovascular morbidity was defined by the
number of cardiology consultations and hospitalizations
during the 6 months before inclusion.

Outcome measure

The most recent guidelines recommend the use of several
antihypertensive drugs to achieve the blood pressure target
rather than increasing doses of previously used drugs [5, 6].
Thus, we defined the primary outcome of our study
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(hypertension treatment intensification) as the introduction
of a new antihypertensive drug into the treatment regimen
compared to the previous month.

Statistic methods

Kaplan—Meier curves were used to illustrate the time to an
event according to exposure. We used the Cox proportional
hazard regression model, including exposure to drugs of
interest as time-dependent covariates (model 1). The model
was then adjusted (model 2) for potential confounding fac-
tors, associated with the outcome in univariate analysis (log-
rank test, p<0.2). The potential confounding factors consid-
ered were age, gender, antihypertensive classes and comor-
bidities. In the final model (model 3), we tested all potential
NSAID/antihypertensive drug interactions. For the analysis,
p<0.05 was considered to be statistically significant. Statis-
tical analyses were performed using Stata® ver. 11.0 (Sata-
Corp LP, College Station, TX).

Results

A sample of 6,983 patients who met the selection criteria
was extracted from the French health insurance system
database; of these, 1,273 were excluded (Fig. 1). Baseline
characteristics of the 5,710 patients included in the study
cohort are shown in Table 1. During the study period, 2,492
subjects (43.6%) had at least one NSAID reimbursement.
Among these, 1,193 subjects (47.9%) were exposed to more
than one NSAID (maximum 8) during the follow-up. In
comparison with those unexposed to NSAIDs during the
same period, these patients were younger and had less

cardiovascular morbidity. The characteristics of the antihy-
pertensive drugs used at baseline are shown in Table 1, and
the duration of treatment for each specific NSAID is listed
in Table 2.

Cox proportional hazard analyses

During the follow-up, a new antihypertensive drug was
reimbursed to 2,399 patients (incidence rate165.1 per
1,000 person-years). Exposure to NSAIDs [adjusted hazard
ratio (HR)1.34, 95% confidence interval (CI) 1.05-1.71;
p=0.020] was associated with more antihypertensive treat-
ment intensifications. Diclofenac (adjusted HR1.79, 95%
CI 1.15-2.78; p=0.010) and piroxicam (adjusted HR2.02,
95% CI 1.09-3.77; p=0.026) were the only specific
NSAIDs associated with the outcome in the multivariate
analysis (Table 2).

Interactions between NSAIDs and antihypertensive drugs

There were statistically significant interactions between
NSAIDs and ACEIs or ARBs, but not with other antihyper-
tensive drugs (Table 3). HR associated with NSAID expo-
sure decreased when these two interactions were taken into
account. Similar interactions were found for diclofenac and
piroxicam (data not shown).

Discussion
The aim of our study was to evaluate the association be-

tween NSAIDs and hypertension treatment intensification in
a population of treated patients who were unexposed to

Fig. 1 Selection of the cohort
sample of 6,001 subjects.
NSAIDS Non-steroidal anti-
inflammatory steroids

6.983 subjects registered in the French Health Insurance System
Database of the Midi-Pyrénées area
- At least 2 reimbursements of the same antihypertensive drugs
between 01 April 2005 and 01 April 2006
- Unexposed to NSAIDs between 01 April 2005 and 01 April 2006

;{ 119: Age and Gender missing

291: Insufficient data to determine hypertension

> treatment stabilization before the index date

Ny -
> 9: Age under 18

o 854: Intensification of hypertension treatment in the

Y

> 6 months previous to the index date

5.710 subjects

v

4 years

Maximum follow-up:

(from 1 April 2006 to 31 March 2010)
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Table 1 Characteristics of the cohort according to exposure group

Characteristics No NSAID* NSAIDs
Number of subjects, n 3,218 2,492
Median age (IQR), years 74.1 (64.0-81.3) 68.3 (58.3-76.4)*
Gender (female) 1,541 (47.9) 1,155 (46.3)
Drug exposure
Platelet aggregation inhibitors® 980 (30.4) 658 (26.4) §
Blood glucose lowering drugsb 594 (18.5) 444 (17.8)
Lipid modifying agentsb 1,339 (41.6) 1,189 (47.7) §
Antineoplasic and immunomodulating agents® 97 (3.0) 56 (2.2)
Number of antihypertensive drugs
1 1,145 (35.6) 973 (39.0) §
2 1,197 (37.2) 921 (37.0)
More than 2 876 (27.2) 598 (24.0) §
Antihypertensive classes®
Diuretics 1,762 (54.7) 1,251 (50.2) §
Beta-blocking agents 1,191 (37.0) 986 (39.6) §
Calcium channel blockers 1,049 (32.6) 726 (29.1) §
ARBs 1,011 (31.4) 773 (31.0)
ACEIs 931 (28.9) 661 (26.5) §
Alpha blocking agents 74 (2.3) 53 (2.1)
Other antihypertensives 128 (4.0) 72 (2.9) §
Cardiovascular morbidity
One cardiology consultation and more? 266 (8.3) 156 (6.3) §
One cardiology hospitalization and more® 58 (1.8) 18 (0.7) §

*Statistically significant difference with the group unexposed to NSAID (p <0.05), Mann—Whitney test; § statistically significant difference with

the no-NSAID group (p<0.05), chi-square test

IQR, interquartile range; NSAIDs, non-steroidal anti-inflammatory drugs

Data are presented as the number, with the percentage given in parenthesis unless otherwise stated

*NSAIDs included: arylcarboxylic acids (aceclofenac, alminoprofen, diclofenac, etodolac, fenoprofen, flurbiprofen, ibuprofen, ketoprofen,
naproxen, nabumetone, tiaprofenic acid), oxicams (meloxicam, piroxicam, tenoxicam), coxibs (celecoxib), acetylsalicylic acid (excluding anti-
platelet dose) and others (indometacin, sulindac, phenylbutazone, nimesulide, mefenamic acid, morniflumate, niflumic acid)

® According to Anatomical Therapeutic Chemical classification

¢ ARBs, Angiotensin receptor blockers; ACEIs, angiotensin converter enzyme inhibitors; other antihypertensives: centrally acting antihyperten-

sives, minoxidil and dihydralazine
9In the 6 months before inclusion

NSAIDs for at least 1 year. Our results show that the use of
NSAIDs in general (and diclofenac and piroxicam in partic-
ular) was associated with an increased number of antihyper-
tensive treatment intensifications. This study underlines the
importance of NSAID interactions in clinical practice with
two specific pharmacological classes: ACEIs and ARBs.
To the best of our knowledge, our study is the first to
show the clinical impact of NSAID exposure in arterial
hypertension management as all the previous studies
have only investigated the consequences on the level of
arterial blood pressure. The meta-analysis of Johnson et
al. [15] found that NSAID exposure increases blood
pressure by 5.4 mm Hg (95% CI 1.2-9.6 mm Hg) in
previously controlled hypertensive subjects. Pope et al.
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[16] found an increase in blood pressure in the range
3.5-6.2 mm Hg for indomethacin, naproxen or piroxi-
cam. Even if this increase in blood pressure appears to
be slight, our study suggests it has a significant clinical
impact in daily practice.

In our study, diclofenac and piroxicam were the only
NSAIDs statistically associated with hypertension treat-
ment intensification. Pope et al. [16] demonstrated that
piroxicam is the NSAID associated with the greatest
increase in blood pressure (+6.2 mm Hg; 95% CI, 0.8—
11.5 mm Hg). The effects of piroxicam in hypertension
management can be explained by its longer half-life
compared to other NSAIDs [17]. The association found
for diclofenac in our study needs to be explored in future
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*g *g % studies as we do not have specific explanations f.or .this
_ S S < % result. Nevertheless, our data suggest that prescriptions
~ PR 5 of NSAIDs in hypertensive patients should be carefully
o E § E OE) weighed. If necessary, ibuprofen and naproxen seem to
2 é e é § be the safer NSAIDs for hypertension treatment manage-
% < < é ment. One should keep in mind that if paracetamol is
= % g g = considered to be the safer alternative, its potential for
- T - E increasing the blood pressure is also currently under
Sox by % discussion [18].
A caegdss & E Our analysis shows that the association be.twee?n
4;3 NSAIDs and hypertensive treatment intensification in
& g< § § Z 5 5 model 2 is mainly explained by statistical interactions with
g : E E E E E % ACEis or ARBs (model 3). These statistical interactions
% ; 3 g ;, ; é :% can be supported by the pharmacodynamic properties of
® A&HI&EE a NSAIDs. By inhibiting renal prostaglandin synthesis,
T eT T T e z NSAIDs induce vasoconstriction of the afferent renal arte-
>z “ rioles. Reduction in renal blood flow leads to activation of
%:3, é the renin—angiotensin system, thus antagonizing the effects
g %_Z of ACEIs and ARBs. This in turn can lead to an increase in
23 ,§ arterial blood pressure, thereby explaining the need for
§ S e intensification of the antihypertensive treatment. An in-
5 = & en ey A % crease in arterial blood pressure has been observed in
E) ig,- 8 < = & § E g g patients treated by ACEIs or ARBs when exposed to
é NSAIDs [19-21]. The lack of a statistically significant
£z g interaction found with beta-blocking agents could be due
é ié § to the multifactorial origin of their antihypertensive effect
'E 5 @ Lz [22], although in one study NSAIDs were found to reduce
é § i:f § the blood pressure effects of beta-blocking agents [15]. A
S E’ g ‘§ similar explanation has been proposed for the lack of
g § n 2 _;‘ ) interaction found with diuretics (previously described with
= g § S w28 S o < 5 5y traditional NSAIDs [15] or coxibs [23]). .
g ) e A number of pharmacoepidemiological studies have
é%\ S5 e evaluated the cardiovascular risk associated to NSAIDs
PR3 q;, = é in coronary disease [24, 25] or heart failure [26, 27]. A
z 5 &= oo B E = recent review of population-based observational studies
EE = § TLeLz § E éf attempted to evaluate the cardiovascular safety of
= § g g NSAIDs [28]. The authors came to the conclusion that
& § = g % g naproxen and low-dose ibuprofen seemed to be the least
g g § I~ é: ?; E harmful NSAIDs in this clinical context; in contrast,
g g f aq % g E? g g ; % diclofenac (both in high and low doses) was associated
; %E E g i 2 &L § 2 g with the greatest increase in risk. Our data conﬁrm that
= EflSxs=s 22 S é i ibuprofen and naproxen should be preferred to dlclofer.lac
g E‘; § % (and to a certain extent to piroxicam) in hypertensive
S| 8 =g = patients. '
gl g §S g To the best of our knowledge, potential interactions
§ “? ? % § with antihypertensive drugs were not talfen intq account
- 2 - - § in these earlier studies. Therefore, these 1nteract10ns. (and
| E = § a8 RS § % © especially those with ACEIs and ARBs) could explain the
é “ oo Eee s % f Es & discrepancies observed across studies, particularly in heart
é 2= - . :é g § & failure. Further investigations are required to evaluate the
D~ < = 9 .. . . . . .
~| g g 2 % “'Qé E § g é é} éﬁ £ % c'llnlcal impact (?f NSAID interactions with antll'ly.perten—
2| = 52 8§ S 25|V v B 5 = sive drugs, particularly on cardiovascular morbidity and
gl Z 22 ESAEZ|RERES mortality.
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Table 3 Hazard ratios for intensification® of hypertension treatment associated with NSAID exposure (univariate, adjusted and adjusted with

interactions models)

Factors Model 1: p value Model 2: p value Model 3: adjusted p value
univariate HR adjusted HR® with interactions HR®

NSAIDs 1.29 (1.01-1.65) 0.039* 1.34 (1.05-1.71) 0.020 0.40 (0.20-0.80) 0.010
NSAIDs: diuretics 0.98 (0.53-1.84) 0.962
NSAIDs: beta-blocking agents 1.07 (0.65-1.77) 0.776
NSAIDs: calcium channel blockers 1.08 (0.66—1.77) 0.754
NSAIDs: ARBs 3.62 (1.80-7.31) <0.001*
NSAIDs: ACEIs 4.09 (2.02-8.27) <0.001*
NSAIDs: alpha blocking agents 0.40 (0.06-2.96) 0.373
NSAIDs: other antihypertensives 1.44 (0.45-4.70) 0.538

*p < 0.05

Data for the models are presented as the HR, with the 95 % CI in parenthesis

ARBs, Angiotensin receptor blockers; ACElIs, angiotensin converter enzyme inhibitors; Other antihypertensives: centrally acting antihypertensives,

minoxidil and dihydralazine

Defined as the introduction of a new antihypertensive drug

® Adjusted for age, exposure to platelet aggregation inhibitors, lipid modifying agents, antineoplasic and immunomodulating agents, NSAIDs and

different classes of antihypertensives

Strengths and limitations

The main strength of our study is the representativeness
of our cohort. The main characteristics of our cohort
(specifically prevalence of use of antihypertensive drugs)
are similar to those presented by the French National
Healthcare System in a recent report on hypertensive
treatment in France [29], with the exception of age and
gender proportion (our study included younger subjects
and fewer women). These differences could be explained
by our selection of subjects unexposed to NSAIDs for 1
year, which would result in the exclusion of relatively
more women and elderly patients as the elderly are more
likely to be chronically on NSAIDs [30]. Moreover,
Fosbal et al. [31] found that people treated for more
than 3 consecutive months were more frequently women
(59.4 vs. 49.0% for people treated less than 3 months)
and older (mean age 51.6 years vs. 41.4).

The French health insurance database has already been
efficiently used in several pharmacoepidemiological stud-
ies [12]. Indeed, reimbursement data have been found to
be highly correlated with drug consumption, especially
for chronically used drugs [32]. However, as for any
automated generated database, its use implies certain
limitations [33]. This is an administrative reimbursement
database, and thus we had only information on total drug
doses delivered to patients—and not on daily-prescribed
doses. In terms of NSAID exposure, we chose an aver-
age dose of 1 DDD, which corresponds to the anti-
inflammatory activity of these drugs. However, some
NSAIDs (ibuprofen, aspirin) can be used at smaller doses

@ Springer

(analgesic effect), which could affect the validity of the
results for these drugs. A second limitation is that we did
not have access to morbidity data nor the indications for
the initiation of NSAID treatment. The disease necessi-
tating the prescription of a NSAID could alone be a
condition interfering with antihypertensive treatment
management. Moreover, exposure to ibuprofen may have
been underestimated, as this specific NSAID (as aspirin)
can be sold over-the-counter in France. Self-medication
with reimbursed NSAIDs is also not recorded in the
database. Finally, as the database does not associate drug
reimbursements with their medical indications, it was not
possible to assess if the drugs investigated were used
only for arterial hypertension—and not for other cardio-
vascular diseases (e.g. chronic heart failure). To ensure
the robustness of our results, we performed the analysis
on the subgroup of patients treated with only one anti-
hypertensive drug; similar associations were found (Table
4), although some of these were no longer statistically
significant due to an insufficient sample size.

Our main outcome was defined by the addition of a
new antihypertensive drug, and therefore we could have
captured switches in antihypertensive drugs (regardless
of their indication: inefficacy, onset of adverse drug
reactions or if the prescriber identified the potential risk
of interaction) if the patients discontinued their antihy-
pertensive treatment for a few days. Moreover, hyperten-
sion treatment intensification could in fact be related to a
worsening of a cardiovascular disease (e.g. heart failure,
as explained above). Thus, we performed a second anal-
ysis with a stricter outcome (addition of a new
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73 R § § antihypertensive with maintenance for at least 1 month);
N I e = == similar results were found in the final model with inter-
- actions (Table 4). We were able to identify intensifica-
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_ 2 tions of antihypertensive treatment corresponding only to
o e o= & an increase in dosage of antihypertensive drugs. Howev-
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o 111 ?3T = er, a recent study carried out in the same area among
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E e it e fication when exposed to NSAIDs. One practical impli-
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