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Summary

Selective- and non-selective non-steroidal anti-inflammatory drugs (NSAIDs) as well
as acetaminophen belong to the most widely prescribed therapeutic agents
worldwide. Their efficacy in pain relief notwithstanding, the use of NSAIDs is
associated with an increased cardiovascular risk, which can be partly attributed to
their blood pressure rising potential. Adequately powered placebo-controlled trials
specifically evaluating cardiovascular safety of NSAIDs vs. selective COX inhibitors
are currently underway. This review summarizes the current knowledge on
cardiovascular effects of NSAIDs and acetaminophen and its potential clinical

consequences.



Introduction

Non-selective nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most
used drugs worldwide. The therapeutic efficacy of these painkillers, however,
comes at the cost of certain side effects, gastrointestinal and cardiovascular, in
particular.

Because the prolonged use of NSAIDs, and selective cyclooxygenase-2 (COX-2)-
inhibitors was shown to be associated with a rise in blood pressure and an
increased risk of coronary artery disease and myocardial infarction,[1-3] current
guidelines recommend avoiding NSAIDs and COX2-inhibitors in patients with high
cardiovascular risk or established coronary artery disease (CAD), if feasible.[4]
Arterial hypertension is a major risk factor for stroke, ischemic heart disease and
heart failure,[5] and non-pharmacological and pharmacological antihypertensive
therapies[6] [7] have been well documented to reduce morbidity and mortality in
hypertension. Since NSAIDs and selective COX inhibitors may worsen blood
pressure control,[8, 9] there is ongoing concern of their use in patients with arterial
hypertension, particularly in resistant hypertension, where the concurrent use of
painkillers including selective and nonselective NSAIDs, as well as acetaminophen
should be excluded. This review aims to summarize the current knowledge about

the effect of these drugs on blood pressure and cardiovascular outcome.

NSAIDs

Nonselective NSAIDs and COX-2 selective inhibitors increase blood pressure, in
both normotensive subjects as well as in patients with hypertension, an effect
independent of the presence of antihypertensive treatment.

Two large metaanalysis[8, 9] evaluated the effect of nonselective NSAIDs in

persons with normal blood pressure, demonstrating a small increase in mean



arterial pressure with regular use of NSAIDs. The mechanism for the increase in BP
is most likely due to their impact on vasoactive endothelium-derived factors,
particularly via the inhibition of prostaglandin synthesis, important for the regulation
of vascular tone and sodium excretion. Other possible mechanisms underlying the

hypertensive effects of NSAIDs are summarized in Table 1

The blood pressure raising effect likely translates to higher cardiovascular risk, but
this varies according to different types of NSAIDs as demonstrated in several meta-
analyses of observational studies[10, 11] demonstrating an higher cardiovascular
risk associated with the use of diclofenac, indomethacin and ibuprofen as compared
to naproxen.[12, 13] Interestingly, a large cohort study evaluated safety of NSAIDs
in 50,000 patients recently hospitalized because of serious coronary heart disease,
suggested a superior cardiovascular safety of naproxen compared with diclofenac,

ibuprofen, rofecoxib, and celecoxib.[14]

Selective COX2-lhnibitors

Selective COX-2 inhibitors (etodolac, meloxicam, celecoxib, rofecoxib, etoricoxib,
valdecoxib and lumiracoxib) were developed to reduce the risk of gastrointestinal
side effects (such as symptomatic gastrointestinal ulcers and complications such as
bleeding, perforation or gastric outlet obstruction) and to avoid the antiplatelet effect
of traditional NSAIDs.

Unfortunately, the gastrointestinal safety benefit of selective COX-2 inhibitors may
come at the cost of an increased cardiovascular risk. The first concerns regarding
the cardiovascular safety of COX2-inhibitors were related to the VIGOR study.[15]
This study, planned to evaluate the upper gastrointestinal side effects of rofecoxib

and naproxen in patients with rheumatoid arthritis, showed a significantly higher



incidence of cardiovascular thrombotic events in the group of patients receiving
rofecoxib.[16] Remarkably, patients receiving rofecoxib 50 mg showed a five-fold
increased risk of myocardial infarction (MI) as compared to the patients receiving
naproxen 1000 mg. These observations were confirmed in the APPROVE study[17]
designed to evaluate the incidence of adenomatous polyps in patients treated with
rofecoxib 25 mg compared to placebo. The results of this study demonstrated a
two-fold increase in myocardial infarction risk in patients treated with rofecoxib
versus placebo and resulted in the removal of the drug from the market. Similarly, in
the Adenoma Prevention with Celecoxib trial[18] an increased cardiovascular risk
was found in the patients receiving celecoxib when compared to placebo. It is of
note that these trials in colon polyp patients did not include traditional NSAIDs
leaving the question unanswered whether these unselective COX-inhibitors would
have increased cardiovascular risk as well.

In contrast to APPROVE[17], APC[18] and PreSAP[19] in colon polyp patients, the
analysis of the Alzheimer's Disease Anti-inflammatory Prevention Trial (ADAPT)[20]
offered the opportunity to assess the effect of a COX-2 inhibitor (celecoxib) versus a
traditional NSAID (naproxen) and placebo. While the results of the ADAPT trial was
stopped prematurely because of concerns in the aftermath of the publication of the
APC trial, ADAPT provides first prospective outcome trial evidence comparing a
conventional NSAIDs versus a COX-2 selective agent. Importantly, naproxen did
not appear to be safer than celecoxib, but rather showed a worrisome trend towards
increased incidence of cardiovascular events.[20]

In the MEDAL trial[21] in more than 30,000 patients with osteoarthritis and
rheumatoid arthritis comparing the COX-2 inhibitor etoricoxib to diclofenac, the rate
of thrombotic cardiovascular events with etoricoxib was similar to those in patients

on diclofenac (even a small trend towards less fatal Ml in the etoricoxib group: 6 vs



17; with no difference seen in the incidence of non-fatal Ml).

While two head-to-head clinical trials of coxibs versus traditional NSAIDs
(PRECISION and SCOT) are currently underway[22, 23] observational studies
showed the risk of myocardial infarction associated with the use of rofecoxib (OR
1.32) to be similar to the one of non selective NSAIDs as diclofenac (1.55) and
ibuprofen (1.24), once again emphasizing that conventional NSAIDs might be
deleterious in this respect as well.[14]

It was suggested that this excess of cerebrovascular events seen with COX-2
inhibitors, especially rofecoxib, could be related to the effects on blood pressure.[16,
24, 25] However, in the MEDAL study[21, 26] the use of etoricoxib was associated
with a substantially greater blood pressure increase than diclofenac, but this
increase in blood pressure was not related to the increased cardiovascular events in
patients with osteoarthritis and rheumatoid arthritis treated with etoricoxib and
diclofenac, indicating that other mechanisms than blood pressure alone contribute
to the cardiovascular side effects of coxibs and NSAIDs. The so-called “COX-2
hypothesis”, had suggested an increased cardiovascular toxicity of COX-2 inhibitors
because of their higher COX-2 selectivity, which results in greater
prostacyclin/thromboxane imbalance. Vascular health, however, is not determined
by prostanoids alone, but by a variety of other endothelial factors, such as nitric
oxide. Interestingly, differences with regard to endothelial function have been
proposed to account for potential differences of different COX inhibitors. While
rofecoxib does not improve endothelial function[27, 28], celecoxib improves nitric
oxide bioavailability and endothelium-dependent vasodilatation and reduces
vascular inflammation and oxidative stress in patients with ischemic heart disease,
hypertension and rheumatoid arthritis.[29-31]

In a prospective study by Sowers and coworkers[27] the effect of rofecoxib,



celecoxib and naproxen on ambulatory blood pressure in 400 patients with arterial
hypertension, diabetes mellitus and osteoarthritis was evaluated. Patients received
stable antihypertensive and antidiabetic drugs during the whole study. Rofecoxib,
but not celecoxib and naproxen, significantly increased 24-hour systolic blood
pressure after 6 weeks of therapy. Other COX-2 inhibitors, like etoricoxib, did also
elevate blood pressure,[25] while in the TARGET study ibuprofen (800 mg tid) and
naproxen (500 mg bid) were associated with significantly greater changes in systolic
blood pressure as compared to lumiracoxib (400 mg once daily).[32]

Available information suggests that very few of any drug classes truly act as a
class for structure, pharmacology, mode of action, efficacy and safety. Each
individual agent should be therefore evaluated on its merits. Prospective randomized
trials with adequate powered and independently run are needed to clarify the
association between pain relief drugs and cardiovascular outcomes. The
PRECISION — Prospective Randomised Evaluation of Celecoxib Integrated Safety vs.
Ibuprofen and Naproxen - trial in more than 20,000 patients with osteoarthritis is
currently under way. Until this trial and the ongoing SCOT trial by MacDonald and
colleagues are completed, careful risk benefit analysis needs to be undertaken for all
these agents with regard to their potential gastrointestinal benefit versus
cardiovascular risk.

Until now, all anti-inflammatory drugs, non-selective NSAIDs as well as
selective COX-2 inhibitors should be individually evaluated regarding their risk

benefit profile.

Aspirin
Aspirin may be considered a special nonselective NSAID, especially as it inhibits

prostaglandin synthesis, and thus may therefore affect blood pressure as well.



Two meta-analyses evaluate the effect of aspirin on blood pressure in patients with
arterial hypertension. Pope et al[9] included four trials studying the effect of aspirin
in 39 hypertensive patients who took at least 1.5 g of aspirin daily (a dose notably
much higher than suggested for prevention of CV disease). The authors showed
that the use of aspirin was associated with an increase in mean blood pressure
(+0.61£1.82 mmHg), an effect, however, not seen anymore after statistical
adjustment for salt intake (mean blood pressure -1.76+2.04 mmHg).

These results were similar to those of another meta-analysis[8] of 8 trials evaluating
the effect of aspirin on supine blood pressure in 105 patients, where the
administration of aspirin (1.5-2 gr/day) did not change blood pressure significantly.
Of note, aspirin at higher doses may reduce the antihypertensive efficacy of
angiotensin-converting enzyme (ACE) inhibition by interfering with prostaglandin
synthesis. Therefore patients taking higher doses of aspirin may not profit as much
from ACE inhibition as other patients.[33]

In the Hypertension Optimal Treatment (HOT) Study[34-36] 18,790 patients with
hypertension (mean age 61.5+7.5 years; blood pressure 169+14/105+£3.4 mmHQ)
were randomized to receive either aspirin 75 mg or placebo daily in addition to their
antihypertensive treatment for a follow-up period of 3.8 years. In this study[36] there
were no differences in mean blood pressure achieved between patients randomized
to low-dose aspirin or placebo (from 6 months to end of treatment, SBP 141.9+11.7
and 141.3+11.6 mmHg; DBP 83.345.3 and 83.0+5.3 mmHg, respectively).
Moreover, low-dose ASA did not interfere with the BP-lowering effect of
antihypertensive agents, including combinations with ACE inhibitors.

In conclusion the available data suggest that low-dose aspirin, as recommended for
middle or high risk patients for prevention of cardiovascular events does not affect

blood pressure in patients with arterial hypertension. These conclusions may not
8



hold true for larger doses of aspirin used for pain relief, or for patients with

congestive heatrt failure.[35]

Acetaminophen and blood pressure

Because of concerns for negative cardiovascular effects of selective and non-
selective NSAIDs, acetaminophen has been suggested as a safer alternative for
pain reducing and anti-inflammatory therapy in patients with osteoarthritis and
comorbid cardiovascular disorders.!!

Prospective controlled studies with acetaminophen, however, are scarce, and the
results inconsistent.[37] While one study showed a 4-mm Hg increase, two further
studies showed no change in blood pressure associated with the use of
acetaminophen in patients with hypertension.[38-40] It is of note that these studies
were performed in patients with hypertension, not in the high-risk group of patients
with established coronary heart disease in whom the use of acetaminophen is
recommended by current guidelines.[4]

In 2005 the risk of incident hypertension for women using aspirin, other NSAIDs,
and acetaminophen was evaluated in the population included in the Nurses' Health
Study | and 11.[41] The multivariable adjusted relative risk of incident hypertension
for women who took acetaminophen >500 mg per day was increased almost twofold
compared with women who did not use acetaminophen.

Two years later, the association between analgesic use and risk of incident
hypertension was analyzed in the Health Professionals Follow-up Stud’s
population[42]. Information about the use of acetaminophen, NSAIDs, and aspirin
were collected at baseline and after 2 years follow-up in 16,031 male health
professionals without a history of hypertension at baseline. This study showed that

men who used acetaminophen 6 to 7 days per week compared with nonusers had



an increased relative risk for incident hypertension compared to non-steroidal anti-
inflammatory drugs.[42]

In line with these epidemiological data, the results of our recently published
prospective placebo-controlled study question the presumed acetaminophen's
cardiovascular safety. This study was planned to evaluate the effect of
acetaminophen (1g tid for 2 weeks) as compared to placebo on 24-hours blood
pressure and endothelial function. In this study we provide evidence that
acetaminophen increases ambulatory blood pressure in patients with stable
coronary artery disease under stable cardiovascular therapy (Figure 1).[37]
Importantly, the observed increase in blood pressure associated with the use of
acetaminophen was within the range of the hypertensive effects of traditional
NSAIDs, particularly diclofenac and ibuprofen.[43]

As the use of acetaminophen is so prevalent, a hypertensive effect of this drug
could be of public health concern. Indeed, in view of the established continuous
incremental risk of cardio- and cerebrovascular disease in relation to blood pressure,
an increase in blood pressure associated with the use of acetaminophen as
observed could further substantially increase the risk of myocardial infarction and
stroke, in patients at high cardiovascular risk or established cardio- or
cerebrovascular disease in particular.[37, 43]

Concerning the underlying mechanisms, acetaminophen however, is generally
considered to be a relatively weak inhibitor of the prostaglandin synthesis[44, 45]
compared to traditional NSAIDs. Moreover, the hypertensive effect of
acetaminophen could be mediated by such central COX-3 activity or COX-2
inhibition by acetaminophen[46] or by an indirect activation of cannabinoid CB(1)

receptors.[47]
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Intriguingly, in our study[37] the blood pressure increase induced by acetaminophen
was paralleled by an increase, rather than the expected decrease in heart rate

indicating a potential central effect of acetaminophen.

Conclusions

The use of selective and unselective NSAIDs as well as acetaminophen, particularly
at high doses, is associated with an increase in blood pressure and an excess of
cardiovascular risk.

Because of the excess cardiovascular risk associated with pain-relieving drugs,
many patients are now being withheld effective pain treatment. This is unethical and
from a cardiovascular point of view counterproductive, as pain is increasingly
considered as an important cardiovascular risk factor. Indeed, untreated pain
increases heart rate, blood pressure and neurohumoral activation that combined
with the forced immobilization further aggravates cardiovascular risk, thus
potentially outweighing any putative risk of pain-relieving drugs. As such, patients in
need of treatment for pain must not be withheld effective (pharmacological or non-
pharmocological) pain relieving therapy, but a close follow-up with regard to
potential cardiovascular and gastrointestinal side effects is recommended.

Hence, until evidence from the PRECISION and SCOT trial become available,
careful risk benefit analysis needs to be undertaken for all pain-relieving agents with
regard to their potential gastrointestinal benefit versus their potential cardiovascular
risk hazard.

Conventional NSAIDs, including acetaminophen and high-dose aspirin, should be

scrutinized as rigorously as COX2 selective inhibitors.

11



References

1.

2.

10.

11.

12.

13.

14.

Mukherjee, D., S.E. Nissen, and E.]J. Topol, Risk of cardiovascular events associated
with selective COX-2 inhibitors. Jama, 2001. 286(8): p. 954-9.

Hippisley-Cox, J. and C. Coupland, Risk of myocardial infarction in patients taking
cyclo-oxygenase-2 inhibitors or conventional non-steroidal anti-inflammatory
drugs: population based nested case-control analysis. Bmj, 2005. 330(7504): p.
1366.

Hippisley-Cox, J. and C. Coupland, Effect of combinations of drugs on all cause
mortality in patients with ischaemic heart disease: nested case-control analysis.
Bmj, 2005. 330(7499): p. 1059-63.

Antman, E.M,, ].S. Bennett, A. Daugherty, C. Furberg, H. Roberts, and K.A. Taubert,
Use of Nonsteroidal Antiinflammatory Drugs: An Update for Clinicians: A Scientific
Statement From the American Heart Association. Circulation, 2007. 115: p. 1634-
142.

Lewington, S., R. Clarke, N. Qizilbash, R. Peto, R. Collins, and C. Prospective
Studies, Age-specific relevance of usual blood pressure to vascular mortality: a
meta-analysis of individual data for one million adults in 61 prospective studies.
Lancet, 2002. 360(9349): p. 1903-13.

He, F.J. and G.A. MacGregor, Salt reduction lowers cardiovascular risk: meta-
analysis of outcome trials. Lancet, 2011. 378(9789): p. 380-2.

Czernichow, S., A. Zanchetti, F. Turnbull, F. Barzi, T. Ninomiya, A.P. Kengne, H.].
Lambers Heerspink, V. Perkovic, R. Huxley, H. Arima, A. Patel, J. Chalmers, M.
Woodward, S. MacMahon, B. Neal, and C. Blood Pressure Lowering Treatment
Trialists, The effects of blood pressure reduction and of different blood pressure-
lowering regimens on major cardiovascular events according to baseline blood
pressure: meta-analysis of randomized trials. | Hypertens, 2011. 29(1): p. 4-16.
Johnson, A.G., T.V. Nguyen, and R.O. Day, Do nonsteroidal anti-inflammatory drugs
affect blood pressure? A meta-analysis. Ann Intern Med, 1994. 121(4): p. 289-300.
Pope, J.E, ].J. Anderson, and D.T. Felson, A meta-analysis of the effects of
nonsteroidal anti-inflammatory drugs on blood pressure. Arch Intern Med, 1993.
153(4): p. 477-84.

Hernandez-Diaz, S., C. Varas-Lorenzo, and L.A. Garcia Rodriguez, Non-steroidal
antiinflammatory drugs and the risk of acute myocardial infarction. Basic Clin
Pharmacol Toxicol, 2006. 98(3): p. 266-74.

McGettigan, P. and D. Henry, Cardiovascular risk and inhibition of cyclooxygenase:
a systematic review of the observational studies of selective and nonselective
inhibitors of cyclooxygenase 2. Jama, 2006. 296(13): p. 1633-44.

Kearney, P.M., C. Baigent, . Godwin, H. Halls, ].R. Emberson, and C. Patrono, Do
selective cyclo-oxygenase-2 inhibitors and traditional non-steroidal anti-
inflammatory drugs increase the risk of atherothrombosis? Meta-analysis of
randomised trials. Bmj, 2006. 332(7553): p. 1302-8.

McGettigan, P. and D. Henry, Cardiovascular risk with non-steroidal anti-
inflammatory drugs: systematic review of population-based controlled
observational studies. PLoS Med, 2011. 8(9): p. e1001098.

Ray, W.A,, C. Varas-Lorenzo, C.P. Chung, ]J. Castellsague, K.T. Murray, C.M. Stein, ].R.
Daugherty, P.G. Arbogast, and L.A. Garcia-Rodriguez, Cardiovascular risks of
nonsteroidal antiinflammatory drugs in patients after hospitalization for serious
coronary heart disease. Circ Cardiovasc Qual Outcomes, 2009. 2(3): p. 155-63.

12



15.

16.

17.

18.

19.

20.

21.

22.

23.
24,

25.

26.

27.

Bombardier, C., L. Laine, A. Reicin, D. Shapiro, R. Burgos-Vargas, B. Davis, R. Day,
M.B. Ferraz, C.J. Hawkey, M.C. Hochberg, T.K. Kvien, T.]. Schnitzer, and V.S. Group,
Comparison of upper gastrointestinal toxicity of rofecoxib and naproxen in patients
with rheumatoid arthritis. VIGOR Study Group. N Engl | Med, 2000. 343(21): p.
1520-8, 2 p following 1528.

Messerli, F.H. and T. Sichrovsky, Does the pro-hypertensive effect of
cyclooxygenase-2 inhibitors account for the increased risk in cardiovascular
disease? Am ] Cardiol, 2005. 96(6): p. 872-3.

Baron, J.A.,, R.S. Sandler, R.S. Bresalier, A. Lanas, D.G. Morton, R. Riddell, E.R.
Iverson, and D.L. Demets, Cardiovascular events associated with rofecoxib: final
analysis of the APPROVe trial. Lancet, 2008. 372(9651): p. 1756-64.

Solomon, S.D., J.J. McMurray, M.A. Pfeffer, ]. Wittes, R. Fowler, P. Finn, W.F.
Anderson, A. Zauber, E. Hawk, M. Bertagnolli, and I. Adenoma Prevention with
Celecoxib Study, Cardiovascular risk associated with celecoxib in a clinical trial for
colorectal adenoma prevention. N Engl ] Med, 2005. 352(11): p. 1071-80.
Solomon, S.D., M.A. Pfeffer, ].]. McMurray, R. Fowler, P. Finn, B. Levin, C. Eagle, E.
Hawk, M. Lechuga, A.G. Zauber, M.M. Bertagnolli, N. Arber, and ]. Wittes, Effect of
celecoxib on cardiovascular events and blood pressure in two trials for the
prevention of colorectal adenomas. Circulation, 2006. 114(10): p. 1028-35.
Cardiovascular and cerebrovascular events in the randomized, controlled
Alzheimer's Disease Anti-Inflammatory Prevention Trial (ADAPT). PLoS Clin Trials,
2006. 1(7): p. e33.

Krum, H., G. Swergold, S.P. Curtis, A. Kaur, H. Wang, S.S. Smugar, M.R. Weir, L.
Laine, D.C. Brater, and C.P. Cannon, Factors associated with blood pressure
changes in patients receiving diclofenac or etoricoxib: results from the MEDAL
study. ] Hypertens, 2009. 27(4): p. 886-93.

Becker, M.C., T.H. Wang, L. Wisniewski, K. Wolski, P. Libby, T.F. Luscher, ].S. Borer,
A.M. Mascette, M.E. Husni, D.H. Solomon, D.Y. Graham, N.D. Yeomans, H. Krum, F.
Ruschitzka, A.M. Lincoff, and S.E. Nissen, Rationale, design, and governance of
Prospective Randomized Evaluation of Celecoxib Integrated Safety versus Ibuprofen
Or Naproxen (PRECISION), a cardiovascular end point trial of nonsteroidal
antiinflammatory agents in patients with arthritis. Am Heart ], 2009. 157(4): p.
606-12.

The Standard Care versus Celecoxib Outcome Trial (SCOTLSSS). . 2007.

Krum, H., T.]. Aw, D. Liew, and S. Haas, Blood pressure effects of COX-2 inhibitors. ]
Cardiovasc Pharmacol, 2006. 47 Suppl 1: p. S43-8.

Krum, H., G. Swergold, A. Gammaitoni, P.M. Peloso, S.S. Smugar, S.P. Curtis, D.C.
Brater, H. Wang, A. Kaur, L. Laine, M.R. Weir, and C.P. Cannon, Blood Pressure and
Cardiovascular Outcomes in Patients Taking Nonsteroidal Antiinflammatory Drugs.
Cardiovasc Ther, 2011.

Cannon, C.P,, S.P. Curtis, G.A. FitzGerald, H. Krum, A. Kaur, J.A. Bolognese, A.S.
Reicin, C. Bombardier, M.E. Weinblatt, D. van der Heijde, E. Erdmann, and L. Laine,
Cardiovascular outcomes with etoricoxib and diclofenac in patients with
osteoarthritis and rheumatoid arthritis in the Multinational Etoricoxib and
Diclofenac Arthritis Long-term (MEDAL) programme: a randomised comparison.
Lancet, 2006. 368(9549): p. 1771-81.

Sowers, J.R., W.B. White, B. Pitt, A. Whelton, L.S. Simon, N. Winer, A. Kivitz, H. van
Ingen, T. Brabant, ].G. Fort, E. Celecoxib Rofecoxib, and I. Safety in Comorbidities
Evaluation Trial, The Effects of cyclooxygenase-2 inhibitors and nonsteroidal anti-
inflammatory therapy on 24-hour blood pressure in patients with hypertension,

13



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

osteoarthritis, and type 2 diabetes mellitus. Arch Intern Med, 2005. 165(2): p. 161-
8.

Title, L.M., K. Giddens, M.M. Mclnerney, M.]. McQueen, and B.A. Nassar, Effect of
cyclooxygenase-2 inhibition with rofecoxib on endothelial dysfunction and
inflammatory markers in patients with coronary artery disease. ] Am Coll Cardiol,
2003.42(10): p. 1747-53.

Chenevard, R., D. Hurlimann, M. Bechir, F. Enseleit, L. Spieker, M. Hermann, W.
Riesen, S. Gay, R.E. Gay, M. Neidhart, B. Michel, T.F. Luscher, G. Noll, and F.
Ruschitzka, Selective COX-2 inhibition improves endothelial function in coronary
artery disease. Circulation, 2003. 107(3): p. 405-9.

Hermann, M., G. Camici, A. Fratton, D. Hurlimann, F.C. Tanner, J.P. Hellermann, M.
Fiedler, ]J. Thiery, M. Neidhart, R.E. Gay, S. Gay, T.F. Luscher, and F. Ruschitzka,
Differential effects of selective cyclooxygenase-2 inhibitors on endothelial function
in salt-induced hypertension. Circulation, 2003. 108(19): p. 2308-11.

Widlansky, M.E., D.T. Price, N. Gokce, R.T. Eberhardt, S.J. Duffy, M. Holbrook, C.
Maxwell, ]. Palmisano, ].F. Keaney, Jr., ].D. Morrow, and J.A. Vita, Short- and long-
term COX-2 inhibition reverses endothelial dysfunction in patients with
hypertension. Hypertension, 2003. 42(3): p. 310-5.

Farkouh, M.E., H. Kirshner, R.A. Harrington, S. Ruland, F.W. Verheugt, T.].
Schnitzer, G.R. Burmester, E. Mysler, M.C. Hochberg, M. Doherty, E. Ehrsam, X.
Gitton, G. Krammer, B. Mellein, A. Gimona, P. Matchaba, C.J. Hawkey, ].H. Chesebro,
and T.S. Group, Comparison of lumiracoxib with naproxen and ibuprofen in the
Therapeutic Arthritis Research and Gastrointestinal Event Trial (TARGET),
cardiovascular outcomes: randomised controlled trial. Lancet, 2004. 364(9435): p.
675-84.

Guazzi, M.D., ]. Campodonico, F. Celeste, M. Guazzi, G. Santambrogio, M. Rossi, D.
Trabattoni, and M. Alimento, Antihypertensive efficacy of angiotensin converting
enzyme inhibition and aspirin counteraction. Clin Pharmacol Ther, 1998. 63(1): p.
79-86.

Hansson, L., A. Zanchetti, S.G. Carruthers, B. Dahlof, D. Elmfeldt, S. Julius, J.
Menard, K.H. Rahn, H. Wedel, and S. Westerling, Effects of intensive blood-pressure
lowering and low-dose aspirin in patients with hypertension: principal results of the
Hypertension Optimal Treatment (HOT) randomised trial. HOT Study Group. Lancet,
1998.351(9118): p. 1755-62.

Zanchetti, A., L. Hansson, B. Dahlof, S. Julius, ]J. Menard, I. Warnold, H. Wedel, and
H.O.T.S. Group, Benefit and harm of low-dose aspirin in well-treated hypertensives
at different baseline cardiovascular risk. ] Hypertens, 2002. 20(11): p. 2301-7.
Zanchetti, A., L. Hansson, G. Leonetti, K.H. Rahn, L. Ruilope, I. Warnold, and H.
Wedel, Low-dose aspirin does not interfere with the blood pressure-lowering effects
of antihypertensive therapy. ] Hypertens, 2002. 20(5): p. 1015-22.

Sudano, I, A.]. Flammer, D. Periat, F. Enseleit, M. Hermann, M. Wolfrum, A. Hirt, P.
Kaiser, D. Hurlimann, M. Neidhart, S. Gay, ]. Holzmeister, ]. Nussberger, P.
Mocharla, U. Landmesser, S.R. Haile, R. Corti, P.M. Vanhoutte, T.F. Luscher, G. Noll,
and F. Ruschitzka, Acetaminophen increases blood pressure in patients with
coronary artery disease. Circulation, 2010. 122(18): p. 1789-96.

Chalmers, ].P.,, M.J. West, L.M. Wing, A.J. Bune, and ]J.R. Graham, Effects of
indomethacin, sulindac, naproxen, aspirin, and paracetamol in treated hypertensive
patients. Clin Exp Hypertens A, 1984. 6(6): p. 1077-93.

14



39.

40.

41.

42,

43.

44,

45.

46.

47.

Pavlicevic, 1., M. Kuzmanic, M. Rumboldt, and Z. Rumboldt, Interaction between
antihypertensives and NSAIDs in primary care: a controlled trial. Can ] Clin
Pharmacol, 2008. 15(3): p. e372-82.

Radack, K.L., C.C. Deck, and S.S. Bloomfield, Ibuprofen interferes with the efficacy of
antihypertensive drugs. A randomized, double-blind, placebo-controlled trial of
ibuprofen compared with acetaminophen. Ann Intern Med, 1987. 107(5): p. 628-
35.

Forman, J.P., M.J. Stampfer, and G.C. Curhan, Non-narcotic analgesic dose and risk
of incident hypertension in US women. Hypertension, 2005. 46(3): p. 500-7.
Forman, J.P., E.B. Rimm, and G.C. Curhan, Frequency of analgesic use and risk of
hypertension among men. Arch Intern Med, 2007. 167(4): p. 394-9.

White, W.B. and P. Campbell, Blood pressure destabilization on nonsteroidal
antiinflammatory agents: acetaminophen exposed? Circulation, 2010. 122(18): p.
1779-81.

Graham, G.G. and K.F. Scott, Mechanism of action of paracetamol. Am ] Ther, 2005.
12(1): p. 46-55.

Mattammal, M.B.,, T.V. Zenser, W.W. Brown, C.A. Herman, and B.B. Davis,
Mechanism of inhibition of renal prostaglandin production by acetaminophen. ]
Pharmacol Exp Ther, 1979. 210(3): p. 405-9.

Hinz, B., 0. Cheremina, and K. Brune, Acetaminophen (paracetamol) is a selective
cyclooxygenase-2 inhibitor in man. Faseb ], 2008. 22(2): p. 383-90.

Bertolini, A.,, A. Ferrari, A. Ottani, S. Guerzoni, R. Tacchi, and S. Leone,
Paracetamol: new vistas of an old drug. CNS Drug Rev, 2006. 12(3-4): p. 250-75.

15



Table 1 Potential mechanism underlying the blood pressure raising effects of

non-steroidal anti-inflammatory drugs

Inhibition of PGE, and PGl, production via the COX enzymes

Greater vasoconstrictive effects from endothelin and increased release of

norepinephrine due to reduced PGs production

Decreased natriuresis

Increased production of vasoconstrictive arachidonic acid derived substances

Inhibition of aldosterone glucuronidation

PG: prostaglandin, COX: cyclossigenase,
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Figure 1
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