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Abstract
Background: Acute kidney injury (AKI), which is commonly observed in hospitalized patients, increases
mortality. Although renin-angiotensin-aldosterone system inhibitors (RAASis) and coronary artery
angiography (CAG) are reported to be risk factors for AKI, whether dose reduction of RAASis can prevent
AKI after CAG remains unknown. The objective of this study was to investigate the association between
dose reduction of RAASis and AKI.

Methods: In this retrospective propensity score (PS)-matched cohort of patients with an estimated
glomerular �ltration rate (eGFR) of 15-60 ml/min/1.73 m2 who were prescribed RAASis, we examined the
impact of dose reduction of RAASis on the development of AKI after CAG with the RWD database, which
includes 20 million patients from 190 hospitals in Japan. The exposure of interest was the presence of a
dose reduction in RAASis within the 3 days before CAG was performed. The propensity score was derived
from 19 baseline characteristics using a logistic regression model.

Results: We identi�ed 3,289 patients who were prescribed RAASis at least one month before admission
and underwent CAG. Six hundred seventy-four patients had a dose reduction 3 days prior to undergoing
CAG, and 2,640 patients did not. AKI was observed in 42 (4.7%) patients in the reduction group and 121
(5.1%) patients in the control group. There was no signi�cant difference in the primary outcome between
the two groups in the PS-matched cohort (OR: 1.00, 95% CI: 0.69-1.47).

Conclusions: A reduction in the dose of RAASis did not prevent the development of AKI among patients
undergoing CAG.

Introduction
Acute kidney injury (AKI), a condition that is observed in 10.5 to 22.0% of inpatients, increases mortality
and prolongs the hospital stay [1–3]. Renin-angiotensin-aldosterone system inhibitors (RAASis) and
coronary artery angiography (CAG) are reported to be risk factors for AKI [4–6]. Although some doctors
empirically reduce the dose of RAASis before performing CAG, whether dose reduction of RAASis can
prevent AKI remains unclear. Three randomized controlled trials (RCTs) were conducted to con�rm the
e�cacy of the dose reduction of RAASis on renal function in patients undergoing CAG; however, there
were no differences in the development of AKI between the reduction group and the control group in any
of the studies [7–10]. These results may be due to the following two issues. First, the sample size was
small in all studies. Second, the RAASi dose was reduced within 24 hours before CAG. The timing of
reduction was too late in all studies considering the half-life of RAASis, which is reported to be up to 24
hours [11]. For these reasons, a study with a longer reduction period and a larger sample size is needed to
assess the e�cacy of the dose reduction in RAASis for preventing AKI. The objective of this study was to
investigate the association between dose reduction of RAASis and AKI among patients undergoing CAG
using a Japanese healthcare record database.
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Methods

Study design and setting
The RWD database, which is administered by the Health, Clinic and Education Information Evaluation
Institute (HCEI, Kyoto, Japan), was used for this retrospective cohort study [12, 13]. The HCEI is a not-for-
pro�t research service foundation in Japan. Real World Data Co., Ltd. (Kyoto, Japan) supports the HCEI
for data collection and standardization support. The RWD database includes the data of 20 million
patients from 160 hospitals in Japan. This information consists of demographic data, prescriptions,
laboratory results, diagnoses with International Statistical Classi�cation of Diseases and Related Health
Problems, 10th Revision Codes (ICD-10 codes) and inpatient and outpatient procedures. These data are
handled by allocating a unique identi�er to each individual. We did not link these data with any other
databases.

Data Collection And De�nitions
We included inpatients aged 18 or older who were prescribed RAASis for at least one month prior to
admission and were undergoing CAG during hospitalization between April 2005 and March 2019. Only
�rst admissions with CAG were included in our study. To restrict the focus to patients at risk of AKI, only
patients with an estimated glomerular �ltration rate (eGFR) of 15-60 ml/min/1.73 m2 were included.
Patients undergoing dialysis within 3 days after admission were excluded. Patients with missing values
for the primary diagnosis were also excluded because the primary diagnosis was treated as one of the
explanatory variables in a previous study and may in�uence the incidence of AKI [14]. The exposure of
interest was the presence of a dose reduction in RAASis during the 3 days before CAG was performed.
The de�nition of dose reduction in RAASis was the change in the ratio of the prescribed dose to the
de�ned daily dose (dose/DDD), which is de�ned by the World Health Organization [15, 16]. We calculated
the dose/DDD of RAASis for all days during hospitalization. If the dose/DDD was reduced, the patient
was considered to have received a dose reduction of the RAASi and was included in the reduction group.
For example, even if there was a change from angiotensin receptor blocker (ARB) to angiotensin-
converting enzyme inhibitor (ACEi), we considered that as no reduction unless there was a change in the
dose/DDD. We included both discontinuation and dose reduction in the exposure group to avoid
misclassi�cation of discontinuation of only one medication for patients prescribed two or more RAASis.
The difference in the impact on the development of AKI between discontinuation and reduction
(excluding discontinuation) was assessed in the subgroup analysis.

Propensity Score Matching
We calculated the propensity score (PS) of each patients to balance the baseline characteristics of each
group [17–19]. The PS was estimated using a logistic regression model. The explanatory variables for the
model are age, sex, Charlson Comorbidity Index (CCI) score, intensive care unit admission, baseline serum
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creatinine de�ned as the last measured serum creatinine before CAG, primary diagnosis on admission
[14], infection [20], acute heart failure, hyponatremia, transfusion, hydration with extracellular �uid, N-
acetyl cysteine, platinum-based chemotherapy, and the use of diuretics, amphotericin B, aminoglycosides,
glycopeptides, and nonsteroidal anti-in�ammatory drugs. The de�nitions of these explanatory variables
are described in Supplementary data, Table S1. To ensure balancing between the two groups, calipers
were de�ned as 0.1, and 1:2 nearest neighbor matching was applied to maintain statistical power.
Standardized differences were used to assess comparability between the two matched cohorts.

Sample Size Calculation
We also estimated the needed sample size to detect the difference in the development of AKI between the
two groups because the present study was planned based on the hypothesis that previous studies did not
include a su�cient number of patients. The incidence of AKI was set at 10% in the reduction group and
15% in the control group [1–3]. The effect size was based on a systematic review of 3 RCTs [9]. The
required sample size was calculated to be 525 in the reduction group and 1,050 in the control group,
assuming an alpha error of 0.05, a power of 0.8, and an enrollment ratio of 1:2.

Outcome Measures
The primary outcome was AKI de�ned as an absolute increase in serum creatinine of ≥ 0.3 mg/dl from
baseline within 48 hours or a relative increase in serum creatinine of ≥ 50% within 7 days [21]. We
adopted the de�nition of AKI as renal injury after contrast use. This is because the Kidney Disease:
Improving Global Outcome (KDIGO) guidelines indicated that contrast-induced nephropathy should be
evaluated under the same criteria as AKI [21]. The secondary outcomes were the need for dialysis and in-
hospital mortality.

Statistical analysis
Continuous variables were reported as the mean and standard deviation, and categorical variables were
reported as numbers and percentages. First, we described the characteristics of the patients in each
group. Binary logistic regression was used to assess signi�cant univariate associations between the
reduction group and the control group with the outcomes for the PS-matched cohort. The results are
presented as odds ratios (ORs) and 95% con�dence intervals (CIs). We de�ned the main result as the OR
in the PS-matched cohort.

Sensitivity analysis was performed by changing the period of time of dose reduction from 1 to 14 days to
detect the appropriate timing of dose reduction of RAASis. We also performed subgroup analysis
investigating the interaction with age (≤ 65 and > 65), type of RAASi (ARB, ACEi, aldosterone blocker and
direct renin inhibitor (DRI)), past history of diabetes, baseline eGFR (≤ 30, 30-45 and > 45 ml/min/1.73
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m2) and dose reduction or discontinuation. P-values with a two-sided test were reported, and P <0.05 was
considered to indicate statistical signi�cance. We used R ver. 4.1.2 to perform all statistical analyses.

Results
We identi�ed 11,172 patients who were prescribed RAASis at least one month before admission and who
underwent CAG during hospitalization from April 2005 to March 2019. Finally, 7803 patients were
excluded for reasons such as age, baseline eGFR, undergoing dialysis within three days after admission
and no primary diagnosis, and 3,289 patients were included in this retrospective cohort study (Fig. 1).
Eight hundred ninety-six patients were included in the reduction group, and 2,393 were included in the
control group in the entire cohort. A total of 2,640 patients were matched using PS. After PS matching,
896 patients were included in the reduction group, and 1,744 were included in the control group. The
baseline characteristics of each group in the entire cohort and PS-matched cohort are described in Table
1. The standardized differences for all variables were balanced after PS matching [17, 22]. AKI was
observed in 42 (4.7%) patients in the reduction group and in 121 (5.1%) patients in the control group in
the entire cohort. The risk of developing AKI was not different between the reduction group and the
control group in the entire cohort (OR: 0.92, 95% CI: 0.64-1.32). In terms of the need for dialysis and in-
hospital death, there were no signi�cant differences between the two groups in the entire cohort (Table 2).
As the main result, the risk of developing AKI was similar between the two groups in the PS-matched
cohort (OR: 1.00, 95% CI: 0.69-1.47). Regarding the secondary outcomes, the risk of need for dialysis and
in-hospital death were not signi�cantly different between the two groups in the PS-matched cohort (Table
2).
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Table 1
Baseline characteristics of each group in the entire cohort and PS-matched cohort

  Entire cohort PS-matched cohort

  Cases in

Reduction
Group

(n = 896)

Cases in

Control
Group

(n = 2393)

SDif Cases in

Reduction
Group

(n = 896)

Cases in

Control
Group

(n = 1744)

SDif

Male (%) 599 (66.9) 1606
(67.1)

0.01 599 (66.9) 1180
(67.7)

0.02

Age (mean (SD)) 74.6 (9.0) 74.9 (8.8) 0.03 74.6 (9.0) 74.6 (9.0) 0.00

CCI (mean (SD)) 5.4 (3.5) 5.3 (3.5) 0.03 5.4 (3.5) 5.4 (3.5) 0.01

eGFR (mean (SD)) 44.9 (10.7) 45.1
(10.6)

0.02 44.9 (10.7) 44.9
(10.5)

0.00

Diuretics (%) 494 (55.1) 1128
(47.1)

0.16 494 (55.1) 942 (54.0) 0.02

NSAID (%) 69 (7.7) 127 (5.3) 0.10 69 (7.7) 111 (6.4) 0.05

Heart failure 24 (2.7) 81 (3.4) 0.04 24 (2.7) 45 (2.6) 0.01

Platinum (%) 0 (0.0) 1 (0.0) 0.03 0 (0.0) 0 (0.0) -

Aminoglycoside (%) 0 (0.0) 1 (0.0) 0.03 0 (0.0) 0 (0.0) -

Glycopeptide (%) 2 (0.2) 1 (0.0) 0.05 2 (0.2) 0 (0.0) 0.07

NAC (%) 0 (0.0) 0 (0.0) - 0 (0.0) 0 (0.0) -

Sodium bicarbonate (%) 0 (0.0) 17 (0.7) 0.12 0 (0.0) 0 (0.0) -

Hydration (%) 366 (40.8) 1193
(49.9)

0.18 366 (40.8) 725 (41.6) 0.01

Infection (%) 4 (0.4) 5 (0.2) 0.04 4 (0.4) 5 (0.3) 0.03

Operation (%) 28 (3.1) 84 (3.5) 0.02 28 (3.1) 46 (2.6) 0.03

Transfusion (%) 49 (5.5) 126 (5.3) 0.01 49 (5.5) 85 (4.9) 0.03

ICU admission (%) 38 (4.2) 119 (5.0) 0.04 38 (4.2) 73 (4.2) 0.00

Admission year

-2012 (%) 99 (11.0) 259 (10.8) 0.01 99 (11.0) 183 (10.5) 0.02

CCI, Charlson comorbidity index; ICU, intensive care unit; NAC, N-acetyl cysteine; NSAID, nonsteroidal
anti-in�ammatory drug; PS, propensity score; SD, standard deviation; SDif, standardized difference.
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  Entire cohort PS-matched cohort

2013-2016 (%) 390 (43.5) 1262
(52.7)

-0.18 390 (43.5) 805 (46.2) -0.05

2017-2019 (%) 407 (45.4) 872 (36.4) 0.18 407 (45.4) 756 (43.3) 0.04

Primary diagnosis

Cardiovascular (%) 731 (81.6) 1903
(79.5)

0.05 731 (81.6) 1441
(82.6)

-0.03

Other (%) 31 (3.5) 89 (3.7) -0.01 41 (4.6) 78 (4.5) 0.02

Metabolic (%) 30 (3.3) 103 (4.3) -0.05 31 (3.5) 54 (3.1) 0.01

Cerebrovascular (%) 16 (1.8) 53 (2.2) -0.03 30 (3.3) 54 (3.1) 0.01

Digestive (%) 15 (1.7) 39 (1.6) 0.01 16 (1.8) 29 (1.7) 0.01

Septicemia/other
infections (%)

15 (1.7) 35 (1.5) 0.02 15 (1.7) 28 (1.6) 0.01

Injury/Poisoning (%) 10 (1.1) 18 (0.8) 0.03 15 (1.7) 28 (1.6) 0.00

Neoplasm (%) 3 (0.3) 12 (0.5) -0.03 10 (1.1) 17 (1.0) 0.00

Peripheral vascular (%) 3 (0.3) 7 (0.3) 0.00 3 (0.3) 7 (0.4) -0.02

Respiratory (airway) (%) 1 (0.1) 2 (0.1) 0.00 3 (0.3) 6 (0.3) 0.00

Respiratory
(parenchymal) (%)

41 (4.6) 132 (5.5) -0.04 1 (0.1) 2 (0.1) 0.01

CCI, Charlson comorbidity index; ICU, intensive care unit; NAC, N-acetyl cysteine; NSAID, nonsteroidal
anti-in�ammatory drug; PS, propensity score; SD, standard deviation; SDif, standardized difference.

Table 2
Odds ratios for AKI, in-hospital dialysis and in-hospital death in the entire cohort and in the PS-matched

cohort

  Entire cohort PS-matched cohort

  Events in
Reduction group

Events in
Control group

Odds Ratio
(95% CI)

P
Value

Odds Ratio
(95% CI)

P
Value

AKI 42 (4.7) 121 (5.1) 0.92 (0.64-
1.32)

0.66 1.00 (0.69-
1.47)

0.98

Dialysis in
hospital

16 (1.8) 24 (1.0) 1.79 (0.95-
3.39)

0.07 1.98 (0.98-
3.97)

0.06

Death in
hospital

13 (1.5) 31 (1.3) 1.12 (0.58-
2.15)

0.73 1.28 (0.63-
2.58)

0.49

AKI, acute kidney injury; CI, con�dence interval; PS, propensity score.
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Sensitivity Analysis
As a sensitivity analysis, we performed the analyses by changing the periods of dose reduction of RAASis
to 1, 3, 7 and 14 days. The OR was 1.07 (95% CI: 0.69-1.65) for the period of 1 day and 0.99 (95% CI: 0.71-
1.39) for the period of 14 days. The results of the sensitivity analysis are shown in Table 3. There was no
signi�cant difference between the reduction group and the control group for any length of reduction in the
PS-matched cohort.

Table 3
Sensitivity analysis changing the length of the

period of dose reduction in the PS-matched
cohort

  Odds Ratio (95% CI) P Value

1 day 1.07 (0.69-1.65) 0.76

3 days 1.00 (0.69-1.47) 0.98

7 days 1.07 (0.77-1.50) 0.68

14 days 0.99 (0.71-1.39) 0.96

Subgroup Analysis
We performed subgroup analysis for age, type of RAASi, past history of diabetes and baseline eGFR to
investigate the interaction with the dose reduction of RAASis. The results of the subgroup analysis are
presented in Table 4. In terms of the type of RAASi, the sample size of the DRI subgroup was not enough
to calculate the odds ratio, and we could not assess the interaction with reduction. For the other 3 types
of RAASis, age, past history of diabetes, baseline eGFR and degree of reduction, no signi�cant difference
was observed between the two groups among all subgroups.
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Table 4
Subgroup analysis investigating interactions with age, type of RAASi, baseline eGFR and degree of

reduction.

  Odds Ratio (95% CI) P Value

Age    

Age > 65 1.14 (0.71-1.83) 0.59

Age ≤ 65 0.59 (0.23-1.51) 0.27

Type of RAASi    

ACEi 0.69 (0.30-1.57) 0.37

ARB 1.31 (0.80-2.16) 0.29

Aldosterone Blocker 1.00 (0.00-Inf) 1.00

DRI Not enough cases to calculate Not applicable

Diabetes    

Yes 0.90 (0.30-2.64) 0.84

No 1.05 (0.66-1.68) 0.83

Baseline eGFR    

eGFR > 45 0.78 (0.30-2.03) 0.61

30 < eGFR ≤ 45 1.31 (0.72-2.40) 0.37

eGFR ≤ 30 0.88 (0.34-2.26) 0.79

Degree of reduction    

Discontinuation 1.48 (0.76-2.89) 0.25

Reduction (excluding discontinuation) 0.86 (0.49-1.51) 0.60

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, con�dence
interval; DRI, direct renin inhibitor; eGFR, estimated glomerular �ltration rate; RAASis, renin-
angiotensin-aldosterone system inhibitors

Discussion
In the analysis of the PS-matched cohort of 2,640 patients undergoing CAG at risk of AKI, we did not �nd
any association between the reduction in the dose of RAASis and the development of AKI. The results
were not changed in the sensitivity analysis. Moreover, no interactions were observed between the dose
reduction of RAASis and age, the type of RAASi and baseline eGFR in subgroup analysis. The dose
reduction of RAASis was not associated with the need for dialysis or in-hospital mortality.
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Our �ndings were consistent with those of previous randomized controlled trials and systematic reviews
[7–10]. In previous studies, there were no associations between a reduction in RAASi dose and the
development of AKI or contrast-induced nephropathy (CIN). We hypothesized that these negative results
were due to the small sample size and the excessively short period of RAASi dose reduction. Although the
current study was designed to resolve these issues, the results were consistent with previous studies.

One possible explanation for these results may be attributed to hydration. Generally, RAASi treatment
reduces the blood �ow of the glomerulus by lowering blood pressure and dilating efferent arterioles [23,
24]. Contrast media also reduces the blood �ow of the glomerulus through vasoconstriction [25–27].
Acute kidney injury is thought to develop due to the synergistic effect of the decrease in renal blood �ow
caused by contrast and by RAASi treatment. However, as shown in the present study, 49.1% of the control
group received extracellular �uid infusion, which may have interfered with the mechanism of AKI
development. Hydration with extracellular �uid infusion may have closed the gap between the two groups
and resulted in no difference. Some studies have reported that hydration can prevent the development of
AKI after contrast use [28, 29].

Strengths And Limitations
There are 3 strengths in this study. First, we applied PS matching to balance the baseline characteristics
between the reduction group and the control group. In the absence of randomization, establishment of a
valid comparison is increasingly found in previous studies [18, 30–32]. This method has been
recommended for assessing the association between contrast and AKI [30, 33]. Moreover, it allowed us to
estimate the odds ratio directly. Second, the sample size was much larger than that in previous studies.
Even in the systematic review [9], the cumulative sample size of the RCTs was just 522 for this clinical
question, and no association was observed between dose reduction and the development of AKI. We
calculated the required sample size in advance and performed the analysis with higher statistical power
than that in previous studies. In addressing the sample size issues, our study is meaningful because it
cannot be resolved by RCTs. Considering that there was no signi�cant difference between the two groups
even with a su�cient sample size and that the OR was 1.00 in the PS-matched cohort, the potential effect
size of the dose reduction of RAASis would be trivial compared to hydration and other interventions,
which were reported to have ORs of 0.29-0.31 [29, 34, 35]. Finally, we performed a sensitivity analysis by
changing the periods of reduction in RAASi dose. The results were consistent from a period of 1 day to 14
days. Because various types of RAASis were prescribed to the subjects and the half-life varied from 2 to
24 hours [11], this sensitivity analysis was absolutely required to make our results robust.

The main limitation of retrospective cohort studies is unmeasured confounders, such as the results of
echocardiography. Such confounders cannot be adjusted in our retrospective cohort and may have some
impacts on our results. Second, the number of subjects prescribed DRIs and aldosterone blockers in the
subgroup analysis was not enough to precisely assess the impact of dose reduction. Although the OR of
aldosterone blockers could be calculated, the 95% CI was much wider than that of ARB and ACEi. The
e�cacy of the dose reduction of those two drugs was unknown in our study. Last, we note the lack of
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data on urine output. AKI was diagnosed based only on laboratory data and not on the reduction in urine
output in the current study. Although there may be misclassi�cation of AKI in both groups, we believe that
the duration of 7 days to assess the development of AKI is long enough to re�ect the reduction in urine
output through a change in laboratory data [36].

Conclusions
A reduction in the dose of RAASis did not prevent the development of AKI among patients undergoing
CAG.
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Tables
Table 1. Baseline characteristics of each group in the entire cohort and PS-matched cohort
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  Entire cohort PS-matched cohort

 Cases in 

Reduction
Group

(n = 896)

Cases in 

Control
Group

(n = 2393)

SDif Cases in 

Reduction
Group

(n = 896)

Cases in 

Control
Group

(n =
1744)

SDif

Male (%)  599 (66.9) 1606
(67.1)

0.01 599 (66.9) 1180
(67.7)

0.02

Age (mean (SD)) 74.6 (9.0) 74.9 (8.8) 0.03 74.6 (9.0) 74.6 (9.0) 0.00

CCI (mean (SD)) 5.4 (3.5) 5.3 (3.5) 0.03 5.4 (3.5) 5.4 (3.5) 0.01

eGFR (mean (SD)) 44.9 (10.7) 45.1
(10.6)

0.02 44.9 (10.7) 44.9
(10.5)

0.00

Diuretics (%) 494 (55.1) 1128
(47.1)

0.16 494 (55.1) 942
(54.0)

0.02

NSAID (%) 69 (7.7) 127 (5.3) 0.10 69 (7.7) 111 (6.4) 0.05

Heart failure 24 (2.7) 81 (3.4) 0.04 24 (2.7) 45 (2.6) 0.01

Platinum (%) 0 (0.0) 1 (0.0) 0.03 0 (0.0) 0 (0.0) -

Aminoglycoside (%) 0 (0.0) 1 (0.0) 0.03 0 (0.0) 0 (0.0) -

Glycopeptide (%) 2 (0.2) 1 (0.0) 0.05 2 (0.2) 0 (0.0) 0.07

NAC (%) 0 (0.0) 0 (0.0) - 0 (0.0) 0 (0.0) -

Sodium bicarbonate (%) 0 (0.0) 17 (0.7) 0.12 0 (0.0) 0 (0.0) -

Hydration (%) 366 (40.8) 1193
(49.9)

0.18 366 (40.8) 725
(41.6)

0.01

Infection (%) 4 (0.4) 5 (0.2) 0.04 4 (0.4) 5 (0.3) 0.03

Operation (%) 28 (3.1) 84 (3.5) 0.02 28 (3.1) 46 (2.6) 0.03

Transfusion (%) 49 (5.5) 126 (5.3) 0.01 49 (5.5) 85 (4.9) 0.03

ICU admission (%) 38 (4.2) 119 (5.0) 0.04 38 (4.2) 73 (4.2) 0.00

Admission year

  -2012 (%) 99 (11.0) 259 (10.8) 0.01 99 (11.0) 183
(10.5)

0.02

  2013-2016 (%) 390 (43.5) 1262
(52.7)

-0.18 390 (43.5) 805
(46.2)

-0.05

  2017-2019 (%) 407 (45.4) 872 (36.4) 0.18 407 (45.4) 756
(43.3)

0.04
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Primary diagnosis

  Cardiovascular (%) 731 (81.6) 1903
(79.5)

0.05 731 (81.6) 1441
(82.6)

-0.03

  Other (%) 31 (3.5) 89 (3.7) -0.01 41 (4.6) 78 (4.5) 0.02

  Metabolic (%) 30 (3.3) 103 (4.3) -0.05 31 (3.5) 54 (3.1) 0.01

  Cerebrovascular (%) 16 (1.8) 53 (2.2) -0.03 30 (3.3) 54 (3.1) 0.01

  Digestive (%) 15 (1.7) 39 (1.6) 0.01 16 (1.8) 29 (1.7) 0.01

  Septicemia/other
infections (%)

15 (1.7) 35 (1.5) 0.02 15 (1.7) 28 (1.6) 0.01

  Injury/Poisoning (%) 10 (1.1) 18 (0.8) 0.03 15 (1.7) 28 (1.6) 0.00

  Neoplasm (%) 3 (0.3) 12 (0.5) -0.03 10 (1.1) 17 (1.0) 0.00

  Peripheral vascular (%) 3 (0.3) 7 (0.3) 0.00 3 (0.3) 7 (0.4) -0.02

  Respiratory (airway) (%) 1 (0.1) 2 (0.1) 0.00 3 (0.3) 6 (0.3) 0.00

  Respiratory
(parenchymal) (%)

41 (4.6) 132 (5.5) -0.04 1 (0.1) 2 (0.1) 0.01

CCI, Charlson comorbidity index; ICU, intensive care unit; NAC, N-acetyl cysteine; NSAID, nonsteroidal anti-
in�ammatory drug; PS, propensity score; SD, standard deviation; SDif, standardized difference.

Table 2. Odds ratios for AKI, in-hospital dialysis and in-hospital death in the entire cohort and in the PS-
matched cohort

 Entire cohort PS-matched cohort

 Events in
Reduction group

Events in
Control group

Odds Ratio
(95% CI)

P
Value

Odds Ratio
(95% CI)

P
Value

AKI 42 (4.7) 121 (5.1) 0.92 (0.64-
1.32)

0.66 1.00 (0.69-
1.47)

0.98

Dialysis in
hospital

16 (1.8) 24 (1.0) 1.79 (0.95-
3.39)

0.07 1.98 (0.98-
3.97)

0.06

Death in
hospital

13 (1.5) 31 (1.3) 1.12 (0.58-
2.15)

0.73 1.28 (0.63-
2.58)

0.49

AKI, acute kidney injury; CI, con�dence interval; PS, propensity score.

Table 3. Sensitivity analysis changing the length of the period of dose reduction in the PS-matched cohort
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 Odds Ratio (95% CI) P Value

1 day 1.07 (0.69-1.65) 0.76

3 days 1.00 (0.69-1.47) 0.98

7 days 1.07 (0.77-1.50) 0.68

14 days 0.99 (0.71-1.39) 0.96

Table 4. Subgroup analysis investigating interactions with age, type of RAASi, baseline eGFR and degree
of reduction.

 Odds Ratio (95% CI) P Value

Age   

  Age > 65 1.14 (0.71-1.83) 0.59

  Age ≤ 65 0.59 (0.23-1.51) 0.27

Type of RAASi   

  ACEi 0.69 (0.30-1.57) 0.37

  ARB 1.31 (0.80-2.16) 0.29

  Aldosterone Blocker 1.00 (0.00-Inf) 1.00

  DRI Not enough cases to calculate Not applicable

Diabetes   

  Yes 0.90 (0.30-2.64) 0.84

  No 1.05 (0.66-1.68) 0.83

Baseline eGFR   

  eGFR > 45 0.78 (0.30-2.03) 0.61

  30 < eGFR ≤ 45 1.31 (0.72-2.40) 0.37

  eGFR ≤ 30 0.88 (0.34-2.26) 0.79

Degree of reduction   

  Discontinuation 1.48 (0.76-2.89) 0.25

  Reduction (excluding discontinuation) 0.86 (0.49-1.51) 0.60

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, con�dence interval;
DRI, direct renin inhibitor; eGFR, estimated glomerular �ltration rate; RAASis, renin-angiotensin-
aldosterone system inhibitors
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Figures

Figure 1

Flow diagram of case selection and matching. CAG, coronary artery angiography; eGFR, estimated
glomerular �ltration rate; RAASis, renin-angiotensin-aldosterone system inhibitors.
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