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Abstract
Objectives To assess whether a double therapy combination consisting
of diuretics, angiotensin converting enzyme inhibitors, or angiotensin
receptor blockers with addition of non-steroidal anti-inflammatory drugs
(NSAIDs) and the triple therapy combination of two of the aforementioned
antihypertensive drugs to which NSAIDs are added are associated with
an increased risk of acute kidney injury.

Design Retrospective cohort study using nested case-control analysis.

Setting General practices contributing data to the UK Clinical Practice
Research Datalink linked to the Hospital Episodes Statistics database.

Participants A cohort of 487 372 users of antihypertensive drugs.

Main outcome measures Rate ratios with 95% confidence intervals of
acute kidney injury associated with current use of double and triple
therapy combinations of antihypertensive drugs with NSAIDs.

Results During a mean follow-up of 5.9 (SD 3.4) years, 2215 cases of
acute kidney injury were identified (incidence rate 7/10 000 person years).
Overall, current use of a double therapy combination containing either
diuretics or angiotensin converting enzyme inhibitors or angiotensin
receptor blockers with NSAIDs was not associated with an increased
rate of acute kidney injury. In contrast, current use of a triple therapy
combination was associated with an increased rate of acute kidney injury
(rate ratio 1.31, 95% confidence interval 1.12 to 1.53). In secondary
analyses, the highest risk was observed in the first 30 days of use (rate
ratio 1.82, 1.35 to 2.46).

Conclusions A triple therapy combination consisting of diuretics with
angiotensin converting enzyme inhibitors or angiotensin receptor blockers

and NSAIDs was associated with an increased risk of acute kidney injury.
The risk was greatest at the start of treatment. Although antihypertensive
drugs have cardiovascular benefits, vigilance may be warranted when
they are used concurrently with NSAIDs.

Introduction
Acute kidney injury is a major clinical concern. According to
the World Health Organization’s most recent estimates (2009),
the incidence rate of hospital admissions related to acute kidney
in the United Kingdom is 5 per 10 000 residents.1 Furthermore,
among people admitted to hospital with acute kidney injury
requiring dialysis support, the incidence rate of mortality related
to acute kidney injury can exceed 50%.2-6

Adverse reactions to drugs remain an important cause of acute
kidney injury. Kidneys regulate the excretion of almost all drugs,
which, in turn, may lead to nephropathy.7 In England, the rate
of hospital admission for drug induced nephropathy increased
almost twofold between 1999 and 2009.8

Although drug related acute kidney injury is commonly
associated with the use of individual classes of drugs (such as
antiretroviral drugs, aminoglycoside antibiotics, and
non-steroidal anti-inflammatory drugs (NSAIDs)),9-13 little is
known about the effects of drug-drug interactions on this
outcome. This aspect is particularly relevant among users of
antihypertensive drugs, who often need more than one drug for
adequate blood pressure control. For example, in patients with
heart failure and hypertension, the concurrent use of angiotensin
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converting enzyme inhibitors or angiotensin receptor blockers
along with diuretics is common.14-16 However, many of these
patients also have chronic inflammatory diseases or chronic
pain, so the add-on use of NSAIDs may be indicated.
Some case reports and pharmacovigilance analyses have
suggested that the concurrent use of diuretics, angiotensin
converting enzyme inhibitors, or angiotensin receptor blockers
with NSAIDs can increase the risk of acute kidney injury.17-19
This risk is thought to vary with the number of antihypertensive
drug classes used concurrently with NSAIDs. Specifically,
patients can be exposed to a double or triple therapy combination
composed of one or two of the aforementioned antihypertensive
drug classes with NSAIDs.
From a pharmacological perspective, these combinations may
increase the risk of acute kidney injury, as each has the potential
to affect kidney function through different mechanisms. Use of
diuretics can lead to hypovolaemia, angiotensin converting
enzyme inhibitors/angiotensin receptor blockers cause a
haemodynamic reduction in glomerular filtration rate due to
efferent arteriolar vasodilation, and NSAIDs cause inhibition
of prostacyclin synthesis (leading to renal afferent arteriolar
vasoconstriction).7 12 17 20 21

To our knowledge, only one observational study has specifically
investigated the risk of acute kidney injury associated with the
use of these drug combinations.17An increased risk was observed
in that study, but the study was limited by its cross sectional
design and possible confounding by indication and severity (as
heart failure is an independent predictor of acute kidney injury22).
Furthermore, the authors used mean values of blood creatinine
concentrations to define the study outcome, without using a
specific cut-off that is needed to identify cases of acute kidney
injury.17 Given the limited safety data on the aforementioned
combinations, we conducted a large population based study to
determine whether the use of diuretics and/or angiotensin
converting enzyme inhibitors or angiotensin receptor blockers
with NSAIDs is associated with an increased risk of acute kidney
injury.

Methods
Data sources
This study was carried out using the Clinical Practice Research
Datalink (CPRD), previously known as the General Practice
Research Database, and the Hospital Episodes Statistics
repository from the UK.
The CPRD is the world’s largest computerised database of
longitudinal records from primary care. The data recorded in
the CPRD since 1987 include demographic information,
prescription details, clinical events, specialist referrals, and
deaths.23 In addition, the CPRD collects information on lifestyle
variables such as body mass index and data on smoking and
excessive alcohol use. The Read code classification is used to
enter medical diagnoses and procedures, and a coded drug
dictionary based on the UK Prescription Pricing Authority
Dictionary is used for recording prescriptions. Recent reviews
of all validation studies found that medical data in the CPRD
are of high quality.24 25

In addition, patients in the CPRD can now be linked individually
and anonymously to the UK national registry of hospital
admissions (Hospital Episode Statistics repository). The linkages
are made by using the unique National Health Service identifier,
date of birth, sex, and postcode of patients. Since 1997, the
repository contains dates of hospital admission, discharge
diagnosis (coded using ICD-10 (international classification of

diseases, 10th revision)), and related procedures (coded using
ICD-10 and OPCS-4 (Office of Population Censuses and
Surveys classification of interventions and procedures, 4th
version)).

Study population
Within the CPRD population, we assembled a cohort of patients
who received antihypertensive drugs between 1 January 1997
and 31December 2008, with follow-up until 31 December 2010.
For the purposes of this study, cohort entry was the date of a
first prescription for any antihypertensive drug (diuretics,
angiotensin converting enzyme inhibitors, angiotensin receptor
blockers, calcium channel blockers, α and β blockers) during
the study period. Patients were required to have at least one year
of up to standard medical history in the CPRD before that first
prescription. For patients with less than one year of registration
with the general practice at the time of their first prescription,
we moved their cohort entry date forward in time to allow a
minimum one year medical history before the cohort entry. We
excluded patients with a history of any cancer, renal disorders
(history of chronic kidney disease, acute kidney injury, or both,
including dialysis related procedures), hepatitis, systemic
connective tissue diseases, rheumatoid arthritis, crush injury,
HIV infection, and any drug misuse at any time before cohort
entry. We followed all patients who met the study inclusion
criteria until a first ever hospital admission for acute kidney
injury, the occurrence of one of the exclusion criteria (including
hospital admission for acute kidney injury in secondary
diagnosis position, or dialysis related procedures when they
were not followed (within 30 days) by a diagnosis of acute
kidney injury in primary position), death from any cause, end
of registration with the general practice, or end of the study
period (31 December 2010), whichever occurred first.

Selection of cases and controls
We defined cases by the first ever occurrence of a hospital
admission related to acute kidney injury during follow-up, using
the Hospital Episodes Statistics database (identified by using
the ICD-10 diagnostic codes N17, N17.0-2, N17.8-9 in primary
position). Among these cases, we also identified those that
required dialysis during their hospital admission.26 27As dialysis
may precede or follow a diagnosis of acute kidney injury, we
searched for procedure codes within 30 days before or after the
admission date (ICD-10 codes Z99.2, Z49.0, Z49.1; OPCS-4
codes X40.1,3,8,9, X41.8,9, X42.8,9, X43.1); the index date
was the earliest date of either the admission for acute kidney
injury or the dialysis procedure.
Up to 10 controls were randomly selected and matched to each
case on year of birth (age), sex, calendar year of cohort entry,
prevalent user status (that is, patients for whom cohort entry
was moved forward in time to allow at least one year of
registration in the general practice), and duration of follow-up.
Thus, all controls were alive, not previously diagnosed as having
acute kidney injury, registered with their general practice when
matched to a given case, and had an equal duration of follow-up
at the risk set date. The date of the risk set was the index date
for the controls.

Exposure assessment
For all cases and controls, we obtained information on all drugs
prescribed between cohort entry and the index date, including
diuretics, angiotensin converting enzyme inhibitors, angiotensin
receptor blockers, and NSAIDs. We defined a double therapy
combination as the concurrent use of either diuretics, angiotensin
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converting enzyme inhibitors, or angiotensin receptor blockers
with NSAIDs. We defined a triple therapy combination as the
concurrent use of diuretics and angiotensin converting enzyme
inhibitors or angiotensin receptor blockers, along with NSAIDs.
To be considered a double or triple therapy combination, the
drugs of interest had to have been prescribed on the same day
or, alternatively, their specified durations of use had to overlap
each other for at least one day during follow-up. We calculated
this by using the number of prescribed tablets combined with
dosing instructions and daily dose. We divided the number of
prescribed units by the daily dose to obtain the expected duration
of drug use. For the antihypertensive drugs, we defined
continuous use as when the duration of one prescription
overlapped the date of the next prescription, allowing for a 90
day grace period between prescriptions (a grace period
determined by both the pharmacokinetics and prescribing
patterns of these drugs in general practice28). For NSAIDs,
continuous use was similarly defined, but the grace period
consisted of the half life of the drug. In the special situation in
which patients were prescribed more than one NSAID, we used
the one with the longest half life to determine the overlap with
the antihypertensive drugs.
On the basis of the above, we classified patients into one of
three mutually exclusive groups: “current use,” defined as a
double or triple therapy combination overlapping the 90 days
immediately before the index date; “past use,” defined as a
combination after cohort entry but ending before the 90 days
before the index date; and “never use,” defined as the absence
of a double or triple therapy combination at any time between
cohort entry and index date.

Potential confounders
We adjusted the risk estimates for comorbid clinical conditions,
measured before the index date, known to be associated with
acute kidney injury, which could also influence the choice of
antihypertensive and NSAID treatment. We thus adjusted all
models for the indication for antihypertensive drug use
(hypertension, heart failure, and coronary heart diseasemeasured
at cohort entry), rhythm disorders, valvular disease, diabetes,
number of hospital admissions (any time before the index date),
excessive alcohol use, smoking status, and body mass index (all
based on the last measure before the index date).6 7 22 29-31 To
minimise the effect of severity of hypertension, we also adjusted
the models for the blood pressure value recorded at cohort entry.
We defined hypertension as “mild” when systolic or diastolic
blood pressure was between 140 and 159 mm Hg or 90 and 99
mm Hg, “moderate” when systolic or diastolic blood pressure
was between 160 and 179 mm Hg or 100 and 109 mm Hg, and
“severe” when they were 180mmHg or 110mmHg or higher.16
Finally, we also adjusted the models for the use of other
antihypertensive drugs (α blockers, β blockers, and calcium
channel blockers), digoxin, clopidogrel, anti-arrhythmics, statins,
antibiotics, immunosuppressive drugs, paracetamol, and
corticosteroids, all measured in the year before the index date.

Statistical analysis
We estimated the overall incidence rate of acute kidney injury
by dividing the total number of cases that occurred during the
study period by the total person years of follow-up, with 95%
confidence intervals based on the Poisson distribution.We used
conditional logistic regression to compute odds ratios of acute
kidney injury, which, for the time matched nested case-control
method used here, provides unbiased estimates of the rate ratio
and 95% confidence interval.32 In addition to age, sex, calendar
year of cohort entry, prevalent user status, and duration of

follow-up on which the logistic regression was conditioned, we
adjusted for the confounders described above.
In the primary analysis, we compared current users of a double
therapy combination, consisting of diuretics or angiotensin
converting enzyme inhibitors or angiotensin receptor blockers
with NSAIDs, with patients currently using these
antihypertensive drugs but without NSAIDs. Likewise, we
compared current users of a triple therapy combination,
consisting of diuretics and angiotensin converting enzyme
inhibitors or angiotensin receptor blockers with NSAIDs, with
patients currently using these antihypertensive drugs without
NSAIDs. We chose these reference groups to minimise
confounding by indication.33

In secondary analyses, we assessed whether the risk of acute
kidney injury associated with double and triple therapy
combinations varied according to half life of NSAIDs and
duration of use (that is, length of exposure to double or triple
therapy combination). Thus, patients deemed to be current users
of such combinations were further categorised according to
whether they used NSAIDs with short half lives (<12 hours:
aceclofenac, acemetacin, diclofenac, etodolac, fenbufen,
fenoprofen, flurbiprofen, ibuprofen, indometacin, ketoprofen,
mefenamic acid, tiaprofenic acid, aspirin) or long half lives
(≥12 hours: azaprazone, meloxicam, nabumetone, naproxen,
piroxican, sulindac, tenoxicam), as well as according to duration
of exposure (≤30, 31-60, 61-90, >90 days). We assessed effect
modification by half life of NSAID and duration of use of double
and triple therapy combinations by including interaction terms
between those categories and the relevant exposure groups.
We also did several sensitivity analyses to evaluate the
robustness of the results. The first consisted of repeating all
analyses by restricting the cases to the subset requiring dialysis.
In a second analysis, we repeated the analyses by additionally
matching cases and controls on general practice to further
control for potential residual confounders from practice level
prescribing patterns and social deprivation (we did not match
on general practice as part of the primary analysis because of
the exclusion of 573 (26%) cases). In a third analysis, we
verified whether the introduction in the UK of new quality
outcome framework guidelines over the study period, concerning
the recording and treatment of diabetes and chronic kidney
disease,34 35 had affected the accuracy of both diagnoses of acute
kidney injury and chronic kidney failure in the CPRD. Thus,
we stratified cases and matched controls on calendar period
(1998-2002, 2003-07, 2008-10) and diabetes diagnosis (as these
patients are prone to develop chronic and acute kidney diseases
36 37). In a fourth analysis, we tested the definition of current use
by varying the width of the exposure time window and grace
period to 60 and 30 days. In a fifth analysis, we stratified cases
and matched controls on prevalent user status (this was a
matching variable) to assess the effect of including prevalent
users in the main models. In a sixth analysis, we assessed the
impact of over the counter use of NSAIDs by restricting the
cases and matched controls to patients with osteoarthritis, a
population for whom the chronic use of NSAIDs is likely to
involve physicians’ prescriptions. Finally, because the CPRD
does not include information on drug exposure in the inpatient
setting, possibly leading to immeasurable time bias,38 we
assessed the effect of this bias by repeating the analyses after
excluding patients who had been admitted to hospital during
the current time window. We used SAS version 9.2 for all
analyses.
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Results
A cohort of 487 372 patients using antihypertensive drugs met
the study inclusion criteria (fig 1⇓); they were followed for a
mean of 5.9 (SD 3.4) years, generating 3 047 813 person years
of follow-up. We identified 2215 cases of acute kidney injury
during follow-up, yielding an overall incidence rate of 7/10 000
(95% confidence interval 7/10 000 to 8/10 000) person years.
Table 1⇓ shows the demographic and clinical characteristics of
the cases and matched controls. Hypertension was the main
indication for use of antihypertensive drugs among cases and
controls. As expected, cases were likely to have a greater number
of hospital admissions and more likely to have diabetes and
other cardiovascular diseases. Furthermore, cases differed from
controls in terms of use of anti-arrhythmics, digoxin,
clopidogrel, statins, antibiotics, immunosuppressive drugs,
paracetamol, and corticosteroids. Excessive alcohol use,
overweight and underweight patients, and smokers were also
proportionally more common among cases than controls.
Table 2⇓ shows the results of the primary analysis. Overall,
current use of a double therapy combination of a diuretic or an
angiotensin converting enzyme inhibitor or angiotensin receptor
blocker with NSAIDs was not associated with an increased rate
of acute kidney injury. On the other hand, current use of a triple
therapy combination was associated with a 31% higher rate of
acute kidney injury (rate ratio 1.31, 95% confidence interval
1.12 to 1.53).
Table 3⇓ shows the results of the secondary analyses. When we
examined current users of a double therapy combination
according to half life of NSAID and duration of use, none of
the categories reached statistical significance. However, for the
combination of diuretics with NSAIDs, we found an overall
effect modification by duration of use, with the highest risk
observed in the first 30 days of use, although that estimate did
not reach statistical significance (rate ratio 1.46, 0.96 to 2.24).
The use of a triple therapy combination with NSAIDs with long
half lives tended to be associated with a higher increased risk
of acute kidney injury (≥12 hours: rate ratio 1.77, 1.07 to 2.93)
than with NSAIDs with shorter half-lives (<12 hours: 1.29, 1.11
to 1.51), although the P value for interaction did not reach
statistical significance (table 3⇓). With respect to duration of
use, an 82% (rate ratio 1.82, 1.35 to 2.46) increased risk of acute
kidney injury was observed in the first 30 days of use, whereas
the adjusted rate ratio progressively decreased with longer
periods of use and was no longer significant after more than 90
days of use (1.01, 0.84 to 1.23; P for interaction<0.001).

Sensitivity analyses
Whenwe restricted the analyses to the 262 cases of acute kidney
injury requiring dialysis, double and triple therapy combinations
did not achieve statistical significance, although the rate ratio
for triple therapy combination was numerically elevated (1.13,
0.69 to 1.77) compared with double therapy combinations
(diuretics: 0.71, 0.36 to 1.43; angiotensin converting enzyme
inhibitors or angiotensin receptor blockers: 0.69, 0.36 to 1.31).
These analyses were limited by statistical power given the
relatively few cases exposed to double (n=36) and triple therapy
(n=57) combinations.
With cases and controls matched on general practice, the rate
ratios did not achieve statistical significance. This was probably
a result of exclusion of 573 cases for whom we could not find
suitable controls. However, we found statistically significant
associations in terms of half life of NSAID and duration of use,

consistent with those in the main analyses (supplementary tables
A1 and A2: see web extra).
When we stratified by calendar period, although we found a
non-statistically significant association for the 1998-2002 time
band, the results for the most recent time bands (2003-07 and
2008-10) were in line with those in the primary analysis
(supplementary table B1). Furthermore, stratification of cases
and matched controls on the presence of diabetes led to results
consistent with those of the primary analysis, indicating that
the results were unlikely to have been influenced by the accuracy
of recording acute kidney injury and chronic kidney disease
(supplementary table B2). We also varied the width of the
exposure time windows and grace periods to 60 and 30 days.
The point estimates were lower with the 60 and 30 day time
windows, possibly owing to increased misclassifications of
exposure, thus supporting the choice of a 90 day time window.
Nevertheless, the directions of the risks were consistent with
those observed with a 90 day time window (supplementary
tables C1, C2, D1, and D2).
When we stratified the cases and matched controls by prevalent
user status, the results were still consistent with those of the
primary analysis; the triple therapy combination was associated
with an increased risk of acute kidney injury in both prevalent
and incident cases and controls. However, the rate ratios were
higher for the new users than for the prevalent users, showing
an underestimation of the effect when prevalent users were
included in the overall cohort (supplementary tables E1, E2,
F1, and F2).39 With stratification by the presence of
osteoarthritis, a population for whom NSAIDs would normally
be prescribed, although the triple therapy combination did not
achieve statistical significance, probably owing to the fewer
exposed cases (n=126), the point estimates were comparable to
those for patients without osteoarthritis, indicating that over the
counter use of NSAIDs is unlikely to have caused important
misclassifications of exposure (supplementary table G).
Finally, to account for immeasurable time bias,38 we restricted
the analysis to those cases and controls who were not admitted
to hospital during the current time window. The results of this
sensitivity analysis were consistent with those of the primary
analysis for both double (diuretics: rate ratio 1.08, 0.81 to 1.44;
angiotensin converting enzyme inhibitors or angiotensin receptor
blockers: 0.92, 0.67 to 1.27) and triple (1.33, 1.09 to 1.61)
therapy combinations.

Discussion
To our knowledge, this is the first large population based study
of patients (almost 500 000) using antihypertensive drugs to
have investigated the association between the use of different
combinations of antihypertensive drugs (diuretics, angiotensin
converting enzyme inhibitors, and angiotensin receptor blockers)
with non-steroidal anti-inflammatory drugs on the risk of acute
kidney injury. Our results indicate that the use of a double
therapy combination is not associated with an increased risk of
acute kidney injury, although the risk was modified by the
duration of use of a diuretic-NSAID combination. On the other
hand, the use of a triple therapy combination was associated
with an overall 31% higher risk, which is driven by a nearly
twofold increased risk in the first 30 days of use. Overall, these
results remained consistent after several sensitivity analyses.

Comparisons with previous studies
The known risks associated with these double and triple therapy
combinations are currently based on pharmacovigilance case
series and a few epidemiological studies.17 29 30 40 These studies
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had several methodological shortcomings. The only study that
specifically investigated the risk of acute kidney injury due to
these double or triple therapy combinations was probably subject
to confounding by indication and severity (heart failure can
itself lead to acute kidney injury).17 33 41-43 On the other hand, in
the others studies,29 30 the primary focus was on the association
between NSAIDs and acute kidney injury, and interaction with
diuretics or angiotensin converting enzyme
inhibitors/angiotensin receptor blockers and NSAIDs was a
secondary outcome. These studies were not adequately powered
to investigate the association between double and triple therapy
combinations and the risk of acute kidney injury.29 30

In one cross sectional study of 301 patients,17 the use of two or
more drugs among diuretics, angiotensin converting enzyme
inhibitors, and angiotensin receptor blockers with NSAIDs was
associated with an increased risk of renal impairment, compared
with non-use. However, the authors adopted mean values of
blood creatinine concentrations as the study outcome, without
using a specific cut-off (such as creatinine concentration >0.20
mmol/L) to define acute kidney injury. Thus, their outcome was
not specific to identify acute kidney injury and also included
subclinical renal impairments. Moreover, they were unable to
adjust for potential confounders such as heart failure. The
increased risk observed may thus have been partly affected by
confounding by indication and severity.33 41-43

In a nested case-control study, Huerta and et al reported an
increased risk of acute kidney injury due to diuretic-NSAIDs
interaction, estimated through the synergy index (S=2.4, 95%
confidence interval 0.2 to 2.4).29 This measurement, as well as
the relative excessive risk due to interaction index (RERI),
quantifies the risk due to drug-drug interactions on an additive
scale for dichotomous factors. S>1 and RERI>0 indicate
increased risk when two or more drugs are combined versus
monotherapy.44However, that studywas underpowered to report
a firm conclusion about its results.29 In another study, Lafrance
et al confirmed an interaction between the use of diuretics and
NSAIDs (RERI=0.38, 95% confidence interval 0.25 to 0.51).30
However, neither of these two studies found an interaction
between angiotensin converting enzyme inhibitors or angiotensin
receptor blockers and NSAIDs. No previous investigations have
assessed whether a duration-response relation existed for the
use of double and triple therapy combinations and the risk of
acute kidney injury. In this study, we specifically focused our
investigation on these double and triple therapy combinations.
Furthermore, we did a nested case-control analysis within a
cohort of antihypertensive drug users and adjusted for their
indications, thus minimising the effect of these confounders.41-43
Additionally, we adjusted the models for the blood pressure
values recorded at cohort entry, thus minimising the effect of
severity of hypertension. We were also able to examine the
duration-response relation for both double and triple therapy
combinations.

Biological mechanisms
An interesting finding of this study is an overall increased risk
of acute kidney injury with a triple therapy combination but no
overall increased risk with a double therapy combination.
Among patients on a combination of diuretics and NSAIDs
(without an angiotensin converting enzyme inhibitors or
angiotensin receptor blockers), despite a reduction in renal blood
flow and the presence of renal afferent arteriolar constriction,
glomerular filtration is probably maintained as a result of the
effect of angiotensin II mediated efferent arteriolar
vasoconstriction and sodium retention. As observed in this study,
only patients exposed to diuretics and NSAIDs early in the

course of treatment may be more prone to develop acute kidney
injury. This result is biologically consistent with the potential
effect of a drastic hypovolaemia exerted by diuretics, which is
further exacerbated by the vasoconstrictive effect of
NSAIDs.7 21 31 On the other hand, among patients taking
angiotensin converting enzyme inhibitors or angiotensin receptor
blockers and NSAIDs (without a diuretic), the afferent
vasoconstrictive stimulus induced by the NSAIDs through
inhibition of prostacyclins synthesis is probably insufficient to
substantially increase the risk of acute kidney injury in the
presence of a normal extracellular fluid volume and preserved
renal blood flow.7 21 31

In contrast, among users of the triple therapy combination, the
decreased inflow to the glomerulus resulting from the diuretic
and NSAID cannot be compensated owing to blockade of the
renin-angiotensin system, resulting in an increased risk of acute
kidney injury. Although we did not find an effect modification
by half life of NSAID, patients using NSAIDs with longer half
lives have a more pronounced risk of acute kidney injury.29
Thus, the higher point estimates observed with NSAIDs with
long half lives is suggestive of a more sustained constriction of
the afferent arteriole.7 21 31 When we considered the duration of
exposure to a triple therapy combination, the highest risk of
acute kidney injury was in the first 30 days of use. Although
the basis of this is still unclear, it might be explained by an early
and severe deteriorating effect of NSAIDs in susceptible
patients,45 who are heavily dependent on prostacyclins to
maintain renal function.7 31 Furthermore, patients may initially
use a greater number of NSAID pills early on than later, as some
causes of pain may abate over time.

Strengths and limitations
This study has several strengths. Firstly, we used the Clinical
Practice Research Datalink, which is a large primary care
database containing longitudinal data on patients’ medical
history, lifestyle (smoking, alcohol use, and body mass index
measurements), and indication for use of antihypertensive drugs.
Thus, we were able to adjust for several important potential
confounders. Secondly, both exposure and covariate definitions
were time dependent as a result of the risk set sampling method
used to select controls. Thirdly, exposure in the CPRD is
prospectively collected, eliminating the possibility of recall bias.
Finally, we did several sensitivity analyses, which, overall,
produced results consistent with those of the primary analysis.
This study has some potential limitations. Firstly, the
identification of acute kidney injury may have been subject to
some misclassification. However, our overall incidence rate of
acute kidney injury is higher than what has been reported in the
general population,1 which is expected in a cohort of
antihypertensive drugs users.22 In addition, we identified acute
kidney injury events by using hospital admission data (diagnosis
in primary position; those reporting hospital admission for acute
kidney injury in secondary diagnosis position, or dialysis related
procedures that were not followed (within 30 days) by a
diagnosis of acute kidney injury in primary position, were
censored),46 47whose validity has been demonstrated in the more
clinically severe subgroup requiring dialysis (sensitivity 90%;
positive predictive value 94%).26 27 When we restricted the
analysis to this more severe subgroup, we observed a lower
point estimate for the triple therapy combination (1.13 v 1.31),
although the upper bound of the confidence interval does not
rule out a possible increased risk (rate ratio 1.77). Although this
shift in the rate ratio may be simply due to instability of the
point estimate because of the fewer exposed cases on which the
analysis was based (n=57), confounding by contraindication is
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also possible (that is, physicians refrained from prescribing
NSAIDs to patients at a higher risk of developing acute kidney
injury requiring dialysis),48 which could have biased the rate
ratios towards the null.
Secondly, because of the observational nature of this study,
residual confounding by indication and disease severity may be
present. However, we specifically dealt with this possibility by
using active treatment comparators (for example, combination
of diuretic and NSAID versus diuretic only). Therefore,
assuming that residual confounding from unmeasured variables
was non-differential between exposure groups is reasonable.
Furthermore, adjusting the models for severity of hypertension
had little effect on the adjusted rate ratios, indicating that this
variable was probably well balanced between groups.Moreover,
we observed similar results when we stratified for diabetes, as
well as in terms of half life of NSAID and duration of use when
we additionally matched cases and controls on general practice,
in an attempt to further control for practice specific prescribing
patterns and social deprivation. Reassuringly, the fact that we
observed a duration-response relation and the point estimates
were consistently lower with a shorter (60 and 30 days) exposure
time window and grace period (that is, the likelihood of being
concurrently exposed to antihypertensive drugs and NSAIDs
was reduced) indicates that residual confounding was probably
minimal.
Thirdly, we were unable to control for exposure to contrast
media injected during in-hospital cardiovascular examinations
(such as angiography) or for other nephrotoxins (such as
aminoglycoside antibiotics) that might have contributed to the
risk of acute kidney injury.49 However, when we controlled for
immeasurable time bias by excluding patients admitted to
hospital in the current time window,38 the results remained
consistent with those of the primary analysis, showing that
previous in-hospital exposure to other nephrotoxins as well as
in-hospital exposures to double or triple therapy combinations
were unlikely to have influenced the observed associations.
Finally, whereas antihypertensive drugs are probably well
captured in the CPRD, some misclassification of exposure with
some NSAIDs that are available over the counter is possible.
Such misclassifications of exposure would have diluted the
association towards the null, so the increased risks observed in
this studymay have been partly underestimated.50However, we
obtained consistent results when we restricted the analyses to
those patients treated for osteoarthritis, a population more likely
to be exposed to NSAIDs by prescription. Nevertheless, given
that over the counter drug information is generally unavailable
in claims databases, other data sources with such information
are needed to better quantify the risk of acute kidney injury
accounting for the over the counter use of NSAIDs.

Conclusions and policy implications
Acute kidney injury is a major public health concern, which has
been associated with a mortality rate exceeding 50%.2-6 51 52

Although the prevalence of cardiovascular diseases has been
on the rise in Western countries, the proper use of
antihypertensive drugs has been shown to have a favourable
effect in preventing major cardiovascular events.16 28 53 54

However, the use of such therapies might be concurrent with
chronic (for example, arthritis) and acute (for example, flu and
flu-like syndromes) inflammatory diseases that require
anti-inflammatory or analgesic drug treatment. Given that
NSAIDs are widely used (40-60% as lifetime prevalence in the
general population29 30) and that a greater incidence rate of acute
kidney injury was estimated among antihypertensive drugs users

than in the general population, increased vigilance may be
warranted when diuretics and angiotensin converting enzyme
inhibitors or angiotensin receptor blockers are used concurrently
with NSAIDs.20 55 56 In particular, major attention should be paid
early in the course of treatment, and a more appropriate use and
choice among the available anti-inflammatory or analgesic drugs
could therefore be applied in clinical practice.
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Tables

Table 1| Characteristics of acute kidney injury cases and matched controls. Values are numbers (percentages) unless stated otherwise

Controls (n=21 993)Cases (n=2215)Characteristics

76.9 (10.7)76.9 (10.9)Mean (SD) age (years)*

11 226 (51.0)1133 (51.2)Male sex*

5.9 (3.4)5.9 (3.4)Mean (SD) duration of follow-up (years)*

Body mass index:

346 (1.6)48 (2.2)<18.5

4662 (21.2)423 (19.1)18.5-24

5563 (25.3)468 (21.1)25-29

3548 (16.1)467 (21.1)≥30

7874 (35.8)809 (36.5)Unknown

1882 (8.6)302 (13.6)Excessive alcohol use

Smoking status:

11 207 (51.0)1288 (58.1)Ever

9962 (45.3)848 (38.3)Never

824 (3.7)79 (3.6)Unknown

2174 (9.9)805 (36.3)At least one hospital admission†

2.9 (4.3)6.3 (6.1)Mean (SD) No of hospital admissions‡

3905 (17.8)726 (32.8)Diabetes

Indication for use:

12 684 (57.7)1145 (51.7)Hypertension

512 (2.3)130 (5.9)Congestive heart failure

339 (1.5)37 (1.7)Coronary artery disease

782 (3.6)155 (7.0)Two or more

7676 (34.9)748 (33.8)Unknown

2728 (12.4)456 (20.6)Rhythm disorders

28 (0.1)5 (0.2)Valvular disease

44 (0.2)17 (0.8)Other cardiovascular disease

Blood pressure (mm Hg):

7705 (35.0)751 (33.9)140≤systolic<160 or 90≤diastolic<100

2924 (13.3)318 (14.4)160≤systolic<180 or 100≤diastolic<110

805 (3.7)114 (5.1)Systolic≥180 or diastolic≥110

10 559 (48.0)1032 (46.6)Unknown

Other antihypertensive drugs:

7340 (33.4)712 (32.1)Calcium channel blockers

6366 (29.0)701 (31.7)β blockers

1515 (6.9)199 (9.0)Anti-arrhythmics

1407 (6.4)304 (13.7)Digoxin

921 (4.2)150 (6.8)Clopidogrel

8951 (40.7)1039 (46.9)Statins

9291 (42.2)1448 (65.4)Antibiotics

509 (2.3)123 (5.6)Immunosuppressive agents

8905 (40.5)1234 (55.7)Paracetamol

2993 (13.6)427 (19.3)Corticosteroids

*Matching variables (along with year of cohort entry).
†Within current time window before index date.
‡From Hospital Episode Statistics database.
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Table 2| Rate ratio of acute kidney injury associated with exposure to current double or triple therapy combination. Values are numbers
(percentages) unless stated otherwise

Rate ratio (95% CI)

Controls (n=21 993)Cases (n=2215)Current use* Adjusted†Crude

ReferenceReference2632 (12.0)209 (9.4)Diuretics only

1.02 (0.81 to 1.28)1.16 (0.93 to 1.44)1739 (7.9)156 (7.0)Diuretics plus NSAIDs

ReferenceReference1889 (8.6)148 (6.7)ACE inhibitors or angiotensin receptor
blockers only

0.89 (0.69 to 1.15)0.96 (0.75 to 1.22)1907 (8.7)138 (6.2)ACE inhibitors or angiotensin receptor
blockers plus NSAIDs

ReferenceReference2432 (11.1)414 (18.7)Diuretics plus ACE inhibitors or angiotensin
receptor blockers

1.31 (1.12 to 1.53)1.34 (1.17 to 1.54)2424 (11.0)544 (24.6)Diuretics plus ACE inhibitors or angiotensin
receptor blockers plus NSAIDs

ACE=angiotensin converting enzyme; NSAID=non-steroidal anti-inflammatory drug.
*Within 90 days before index date; current users of other antihypertensive drugs and past users (>90 days before index date) of double and triple therapy
combinations are not shown but were considered in regression model.
†Adjusted for covariates listed in table 1.
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Table 3| Rate ratio of acute kidney injury associated with exposure to current double or triple therapy combination according to half life
of NSAID and duration of use. Values are numbers (percentages) unless stated otherwise

P for
interaction

Rate ratio (95% CI)

Controls (n=21 993)Cases (n=2215)Current use* Adjusted†Crude

ReferenceReference2632 (12.0)209 (9.4)Diuretics only

Diuretics plus NSAIDs:

0.52091.03 (0.82 to 1.30)1.18 (0.95 to 1.47)1656 (7.5)151 (6.8)NSAID’s half life <12 hours

0.76 (0.30 to 1.91)0.74 (0.30 to 1.85)83 (0.4)5 (0.2)NSAID’s half life ≥12 hours

0.02111.46 (0.96 to 2.24)1.87 (1.25 to 2.79)208 (1.0)32 (1.4)Duration‡ ≤30 days

1.12 (0.71 to 1.76)1.32 (0.86 to 2.04)246 (1.1)26 (1.2)Duration‡ 31-60 days

1.04 (0.71 to 1.53)1.20 (0.83 to 1.74)379 (1.7)36 (1.6)Duration‡ 61-90 days

0.83 (0.61 to 1.13)0.90 (0.67 to 1.21)906 (4.1)62 (2.8)Duration‡ >90 days

ReferenceReference1889 (8.6)148 (6.7)ACE inhibitors or angiotensin receptor
blockers only

ACE inhibitors or angiotensin receptor
blockers plus NSAIDs:

0.72000.88 (0.68 to 1.14)0.95 (0.74 to 1.21)1853 (8.4)132 (6.0)NSAID’s half life <12 hours

1.04 (0.41 to 2.64)1.43 (0.60 to 3.40)54 (0.3)6 (0.3)NSAID’s half life ≥12 hours

0.11491.13 (0.66 to 1.96)1.13 (0.67 to 1.91)195 (0.9)17 (0.8)Duration‡ ≤30 days

1.07 (0.66 to 1.73)1.26 (0.80 to 1.98)247 (1.1)24 (1.1)Duration‡ 31-60 days

0.93 (0.61 to 1.43)1.02 (0.68 to 1.54)390 (1.8)30 (1.4)Duration‡ 61-90 days

0.77 (0.56 to 1.06)0.83 (0.62 to 1.13)1075 (4.9)67 (3.0)Duration‡ >90 days

ReferenceReference2432 (11.1)414 (18.7)Diuretics plus ACE inhibitors or
angiotensin receptor blockers

Diuretics plus ACE inhibitors or
angiotensin receptor blockers plus
NSAIDs:

0.21571.29 (1.11 to 1.51)1.33 (1.15 to 1.53)2343 (10.7)520 (23.5)NSAID’s half life <12 hours

1.77 (1.07 to 2.93)1.73 (1.08 to 2.77)81 (0.4)24 (1.1)NSAID’s half life ≥12 hours

<.00011.82 (1.35 to 2.46)2.00 (1.52 to, 2.63)234 (1.1)83 (3.8)Duration‡ ≤30 days

1.63 (1.24 to 2.15)1.76 (1.37 to 2.27)309 (1.4)94 (4.2)Duration‡ 31-60 days

1.56 (1.24 to 1.97)1.66 (1.34 to 2.06)500 (2.3)140 (6.3)Duration‡ 61-90 days

1.01 (0.84 to 1.23)1.00 (0.84 to 1.20)1381 (6.3)227 (10.3)Duration‡ >90 days

ACE=angiotensin converting enzyme; NSAID=non-steroidal anti-inflammatory drug.
*Within 90 days before index date; current users of other antihypertensive drugs and past users (>90 days before index date) of double and triple therapy
combinations are not shown but were considered in regression model.
†Adjusted for covariates listed in table 1.
‡Length of exposure to double or triple therapy combination.
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Figure

Flow chart of study
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