
	 1	

 
Kristina Fišter 
Associate Editor 
BMJ 
 
 
RE: BMJ.2016.035107: Serum creatinine elevation following renin-angiotensin system blockade and 
long-term cardiorenal risks 

 

Dear Professor Fišter: 

 

We are grateful for the careful review we received from BMJ and for the opportunity to revise our 
paper.  

Please find our reply to each comment below. We hope that we have addressed all concerns 
satisfactorily, but are of course willing to make further changes if necessary.  

We provide a clean copy of the revised paper and a copy showing tracked changes.  

 

 

Yours sincerely, 

 

Morten Schmidt, MD, PhD 

Laurie A Tomlinson, MD, PhD 
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Editorial comments 

 

E.1  (#1) Please clarify the impact of this noisy measure and how it was recorded. For 

example inclusion of only those with two measures could generate a substantial bias. 

Some data on this group, if possible as a comparison, is needed.  

 

Reply: We agree that pre- and post-initiation creatinine measurements are “noisy”, but they reflect the 

clinical reality of the care of these patients and are recommended by multiple NICE 

guidelines. We did not focus on comparisons with unmonitored patients as we believe it is 

difficult to draw meaningful interpretations from that heterogenous group. Unmonitored 

patients likely reflect more healthy patients, about whom there is little clinical concern, or 

patients who refused or were unable to have requested blood tests. 

The difference in characteristics among groups categorised by monitoring patterns in 

our study cohort was addressed in depth in our previous paper (Schmidt M et al. Adherence to 

serum creatinine and potassium monitoring and discontinuation guidelines following renin-

angiotensin system blockade. BMJ Open. In press). However, the current paper covers a 

slightly different period (1997-2014) to maximise the number of patients included in the 

cohort and to allow examination of long-term outcomes. We now have added a 

Supplementary Table (eTable 1) showing the characteristics of all ACE/ARB initiators, 

according to receipt/lack of complete pre- and post-initiation monitoring. When we compared 

the baseline characteristics of patients with and without monitoring of creatinine levels before 

and after ACEI/ARB initiation, we found no major differences in age, sex, socioeconomic 

status, or lifestyle factors. However, a higher proportion of closely monitored patients had 

diabetes and CKD. This may reflect the incentivisation of blood tests among these patients by 

the Quality and Outcomes Framework, as well as greater clinical concern.  

As a result of differences between patients with and without complete monitoring, our 

results may not be applicable to all patients who initiate ACEI/ARB treatment. Those without 

complete monitoring of renal function, who are not included in this paper, are likely to be at 

lower risk of adverse outcomes. To clarify this point, we have added the following text to the 

manuscript:  

 

Page 10, Statistical section: “Seven, we examined whether our cohort differed from other 

ACEI/ARB initiators who did not have both pre- and post-initiation creatinine monitoring. 

For this purpose, we resampled all ACEI/ARB initiators in the study period to compare 

baseline characteristics and cumulative mortality risk among patients with complete vs. 

incomplete pre- and post-initiation monitoring.” 
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Page 12, Results:  

  “Sensitivity analyses 

 The sensitivity analysis comparing the baseline characteristics of patients with and without 

complete monitoring of creatinine levels revealed no major differences in age, sex, blood 

pressure values, socioeconomic status, or lifestyle factors (eTable 1). However, those with 

complete monitoring had a higher prevalence of noncardiac comorbidity, in particular 

diabetes and CKD. The cumulative mortality function for this group was similar to that for 

the group with creatinine increases between 10% and 19% (data not shown). The remaining 

sensitivity analyses all supported the robustness of the main results (eTables 2 and 3).” 

 

Page 14, Discussion: “A further study limitation was that we could include only patients with 

both baseline and follow-up creatinine measurements (complete case analysis), in order to 

calculate changes in renal function. Comparison of the baseline characteristics of patients 

with and without complete monitoring of creatinine levels revealed no major differences in 

demographics, socioeconomics, or lifestyle although a greater proportion of those with 

complete monitoring had diabetes and CKD. Therefore, the proportion of patients with a 

decline in renal function among those initiating ACEI/ARB in the population as a whole may 

be lower than that observed in the monitored group. This view was also supported by the 

cumulative mortality function in the group with incomplete monitoring that was similar to the 

monitored group with less pronounced creatinine increases. Importantly, we have no reason 

to suspect that the association between change in renal function and long-term outcomes is 

not generalizable to the whole population.” 

 

eTable 1. Characteristics of patients initiating angiotensin converting-enzyme inhibitors or 
angiotensin-receptor blockers in the UK primary care sector during 1997-2014, by monitoring status 

 
Pre-and post-initiation creatinine monitoring Total 

Complete  Incomplete  
Total number 122,363 (100) 181,088 (100) 303,451 (100) 
Female sex 56,648 (46.3) 79,544 (43.9) 136,192 (44.9) 
Age (years)    
<50 years 22,251 (18.2) 37,641 (20.8) 59,892 (19.7) 
50-59 years 28,277 (23.1) 44,087 (24.3) 72,364 (23.8) 
60-69 years 32,272 (26.4) 43,928 (24.3) 76,200 (25.1) 
70-79 years 26,448 (21.6) 35,722 (19.7) 62,170 (20.5) 
80+ years 13,115 (10.7) 19,710 (10.9) 32,825 (10.8) 
Comorbidities*    
Diabetes mellitus 26,927 (22.0) 29,935 (16.5) 56,862 (18.7) 
Myocardial infarction 5,687 (4.6) 19,277 (10.6) 24,964 (8.2) 
Heart failure 6,151 (5.0) 13,218 (7.3) 19,369 (6.4) 
Hypertension 92,375 (75.5) 120,378 (66.5) 212,753 (70.1) 
Arrhythmia 8,480 (6.9) 14,750 (8.1) 23,230 (7.7) 
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Peripheral arterial disease 3,168 (2.6) 4,735 (2.6) 7,903 (2.6) 
Chronic kidney disease (eGFR)†    

Stage ≤2 (≥60) 100,314 (82.0) 104,294 (57.6) 204,608 (67.4) 
Stage 3a (45–59) 16,668 (13.6) 14,433 (8.0) 31,101 (10.2) 
Stage 3b (30–44) 4,645 (3.8) 3,425 (1.9) 8,070 (2.7) 
Stage 4 (15–29) 736 (0.6) 545 (0.3) 1,281 (0.4) 
Missing 0 (0) 58391 (32.2) 58391 (19.2) 

Comedications    
Beta-blockers 20,967 (17.1) 39,908 (22.0) 60,875 (20.1) 
Calcium channel blockers 23,052 (18.8) 24,642 (13.6) 47,694 (15.7) 
Thiazides 25,716 (21.0) 33,146 (18.3) 58,862 (19.4) 
Loop diuretics 9,287 (7.6) 18,234 (10.1) 27,521 (9.1) 
Potassium sparing diuretics 2,537 (2.1) 4,638 (2.6) 7,175 (2.4) 
NSAIDs 29,012 (23.7) 49,425 (27.3) 78,437 (25.8) 
Blood pressure, median (IQR)    
Pre-systolic 155 (142 to 169) 156 (140 to 170) 156 (140 to 170) 
Pre-diastolic 90 (80 to 98) 90 (80 to 100) 90 (80 to 100) 
Post-systolic 144 (132 to 158) 144 (130 to 160) 144 (131 to 160) 
Post-diastolic 83 (76 to 90) 84 (77 to 90) 83 (77 to 90) 
SES quintiles    
1 (low) 29,612 (24.2) 43,762 (24.2) 73,374 (24.2) 
2 28,932 (23.6) 41,780 (23.1) 70,712 (23.3) 
3 26,141 (21.4) 37,643 (20.8) 63,784 (21.0) 
4 22,187 (18.1) 33,963 (18.8) 56,150 (18.5) 
5 (high) 15,327 (12.5) 23,717 (13.1) 39,044 (12.9) 
Missing 164 (0.1) 223 (0.1) 387 (0.1) 
Smoking status    
Never 42,215 (34.5) 66,912 (36.9) 109,127 (36.0) 
Ever 79,947 (65.3) 112,344 (62.0) 192,291 (63.4) 
Missing 201 (0.2) 1,832 (1.0) 2,033 (0.7) 
Alcohol intake    
No use 13,227 (10.8) 22,680 (12.5) 35,907 (11.8) 
Current 95,617 (78.1) 134,910 (74.5) 230,527 (76.0) 
Former 8,308 (6.8) 10,202 (5.6) 18,510 (6.1) 
Missing 5,211 (4.3) 13,296 (7.3) 18,507 (6.1) 
BMI groups    
Underweight 1,162 (0.9) 1,955 (1.1) 3,117 (1.0) 
Healthy weight 29,236 (23.9) 45,805 (25.3) 75,041 (24.7) 
Overweight 46,948 (38.4) 67,513 (37.3) 114,461 (37.7) 
Obesity 40,719 (33.3) 53,983 (29.8) 94,702 (31.2) 
Missing 4,298 (3.5) 11,832 (6.5) 16,130 (5.3) 
Calendar period    
1997-2003 16,521 (13.5) 63,156 (34.9) 79,677 (26.3) 
2004-2008 60,898 (49.8) 75,276 (41.6) 136,174 (44.9) 
2009-2014 44,944 (36.7) 42,656 (23.6) 87,600 (28.9) 

Abbreviations: IQR, interquartile range; NSAIDs, nonsteroidal anti-inflammatory drugs 
*Diagnosis ever registered in the CRPD or HES before initiation of treatment with angiotensin converting-enzyme 
inhibitors or angiotensin-receptor blockers. 
†Calculated from most recent creatinine measurement within 12 months before the first prescription date. The 
parenthesis provides eGFR in ml/min/1.73m2. 
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E.2  (#2) Creatinine information is missing for 60% of those initiating ACE/ARB. We 

thought you should show the cumulative mortality of this group as well as for those for 

whom you had information as this might alter the conclusions. 

 

Reply:  In the Figure below, we have added the cumulative mortality of the incompletely monitored 

group (red curve) for comparison. This figure shows that the cumulative mortality in the 

incompletely monitored group was nearly identical to the group with creatinine increases 

between 10% and 19%. 

 
 

We believe that this supports our a priori belief that the incompletely monitored group 

consists predominantly of low-risk patients with a <10% change in renal function, along with 

some much higher-risk individuals who apparently were not further monitored due to non-

adherence, frailty, or outpatient care/hospital admission. We do not think these additional data 

alter our conclusion, but have now elaborated extensively on these findings (please see the 

added text on pages 10, 12 and 14, as shown above in response to Comment #1.)  

We were concerned that adding the curve for the incompletely monitored group (from 

the sensitivity analysis) to the Figure showing the main results would confuse the readers and 

obscure the Figure’s overall message. This would be unfortunate, as the Figure otherwise 

graphically presents the paper’s overall message. Thus, we instead summarized the results 
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from this sensitivity analysis in the following statement, which we have added to the Results 

section (page 12):  

 

“The cumulative mortality function for this group was similar to the group with creatinine 

increases between 10% and 19% (data not shown).” 

 

However, if the Editors wish, we would be happy to add the figure including the incompletely 

monitored group to the Supplementary Material. 

 

E.3  (#3) A critical issue could be that some of the people in the dataset could be already in a 

downward trajectory picked up by the point they get the ARB or ACEI. 

 

Reply:  We agree that it is likely that patients with the largest increase in creatinine may be the sickest 

group – either due to the creatinine increase being caused by the ACEI/ARB or due to drug-

initiation coinciding with declining kidney function from another cause. We are therefore 

careful to point out that the change in renal function is a marker of high clinical risk rather 

than the cause of adverse outcomes. However, the pharmacology of these drugs argues that 

any creatinine rise reflects adverse physiological changes, rather than coincidence. We have 

elaborated on these issues, as follows (pages 11 and 13): 

 

Page 13, Discussion, first paragraph: “It is not clear whether increases in creatinine values 

after ACEI/ARB initiation are due to pathophysiological processes representing a biomarker 

of increased risk, or whether there is a direct causal relation between reduced renal function 

and adverse outcomes. These results therefore identify a high risk patient group, but do not 

necessarily support discontinuation of ACEI/ARBs.” 

 

Page 15: “While this deterioration is associated with a poorer prognosis compared to patients 

with preserved renal function, the overall benefits of ACEI/ARB therapy remain for 

cardiovascular outcomes and mortality.23 The current study does not undermine that 

evidence, but flags that the risk-benefit ratio may differ among those with marked changes in 

creatinine levels.” 

 

E.4  (#4) The paper gives events/1000 pt years for rises above 30, can we also see what the 

absolute risk is at below the current threshold of 30. 
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Reply:  Table 2 provides the event rate per 1,000 person-years, both for patients with creatinine 

increases < 30% and ≥ 30%. The absolute risks (cumulative rates) for the detailed 

categorisation of creatinine increases are included in the cumulative incidence function in 

Figure 2. In response to the Reviewer’s comment, we now have added the 1-, 5- and 10-year 

risk estimates for all outcomes to Table 2 (below), considering death a competing risk for  

nonfatal outcomes. 
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Table 2. Guideline-recommended discontinuation level of creatinine increases after renin-angiotensin system blockade and 
risk of adverse cardiorenal events.*  

Serum creatinine increase† Number of 
events 

Risk‡ Rate 
per 1,000 
person-
years 

Incidence rate ratio  
(95% confidence interval) 

1 year 5 years 10 years Age- and sex-adjusted Fully adjusted§ 

End-stage renal disease        
< 30% 762 0.05 (0.04-0.07) 0.33 (0.29-0.37) 0.77 (0.68-0.86) 1.3 1.00 (reference) 1.00 (reference) 
≥ 30% 45 0.30 (0.13-0.63) 0.74 (0.41-1.25) 1.92 (1.02-3.30) 5.2 4.06 (3.01-5.48) 3.43 (2.40-4.91) 

Myocardial infarction        
< 30% 3334 0.41 (0.37-0.45) 1.75 (1.67-1.84) 3.68 (3.5-3.88) 5.9 1.00 (reference) 1.00 (reference) 
≥ 30% 87 0.28 (0.11-0.64) 2.19 (1.51-3.07) 3.80 (2.69-5.19) 11.0 1.73 (1.41-2.13) 1.46 (1.16-1.84) 

Heart failure        
< 30% 6892 0.95 (0.90-1.01) 3.22 (3.10-3.34) 7.28 (7.00-7.56) 12.4 1.00 (reference) 1.00 (reference) 

≥ 30% 208  
2.94 (2.19-3.85) 5.89 (4.73-7.23) 9.01 (7.17-11.1) 28.9 2.12 (1.82-2.47) 1.37 (1.14-1.65) 

All-cause mortality        
< 30% 13281 1.74 (1.67-1.82) 9.68 (9.48-9.88) 22.5 (22.1-23.0) 22.4 1.00 (reference) 1.00 (reference) 
≥ 30% 640 11.1 (9.77-12.5) 29.8 (27.6-32.1) 49.2 (45.5-53.0) 72.7 2.68 (2.47-2.91) 1.84 (1.65-2.05) 

* Among patients with at least one creatinine measurement within 12 months before and 2 months after drug initiation, and who continued treatment after the first follow-up 
measurement. 
† Increase calculated as the difference between the most recent baseline measurement within 12 months before drug initiation and the first follow-up measurement within two 
months after drug initiation. 
‡ Cumulative incidence proportions of nonfatal outcomes were calculated taking into account death as a competing risk. 
§ Adjusted for age, sex, comorbidities (diabetes mellitus, myocardial infarction, heart failure, hypertension, arrhythmia, peripheral arterial disease, and chronic kidney disease 
stage), comedications (beta-blockers, calcium channel blockers, thiazides, loop diuretics, and potassium sparing diuretics), lifestyle factors (smoking status, alcohol intake, and 
body mass index), socioeconomic status, calendar period, and time since first prescription. 
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E.5  (#5) We were concerned about unmeasured confounding, especially with other drugs. 

For example, you don’t report any data on nonsteroidal anti-inflammatory drugs, which 

are prescribed a lot and are associated with a fairly high incidence of renal adverse drug 

reactions. 

 

Reply:  We agree that NSAID use potentially could be a confounding factor and have now added data 

on NSAID prescriptions. Since NSAIDs generally are prescribed for shorter time periods, we 

categorised NSAID use based on prescriptions recorded in the 30 days before ACE/ARB 

initiation. As Table 1 shows, a substantial proportion of patients with creatinine increases 

≥30% were NSAID users (34%), compared to those with creatinine increases < 30% (24%). 

However, adjusting for concurrent NSAID use changed the estimates only marginally and did 

not affect our conclusions. We now have updated all analyses (tables and figures) and added 

the definitions used to identify NSAID use to the Methods Section, as follows: 

 

Page 7: “We obtained information for all patients on age, sex, … concomitant use of other 

antihypertensive drugs (beta-blockers, calcium channel blockers, thiazides, loop diuretics, 

and potassium-sparing diuretics) and nonsteroidal anti-inflammatory drugs (NSAIDs) at time 

of ACEI/ARB initiation. 

 

Page 8: “NSAID use was based on prescriptions recorded within 30 days before ACE/ARB 

initiation.” 

 

E.6  (#6) Please rewrite the Patient involvement statement according to our instructions to 

authors. 

Reply:  The study included no patient involvement. The instructions to authors webpage 

(http://www.bmj.com/about-bmj/resources-authors/article-types/research) say, “If patients 

were not involved please state this”. We have revised our statement as follows (page 8):  

“Patient involvement 

The study included no patient involvement.” 

 

Please let us know if further changes to this wording are needed. 
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Reviewer 1  

Jean E. Sealey, Research Professor Emerita of Physiology & Biophysics in Medicine 
Weill Cornell Medical College 

 

General Comments: 

1.1  (#7) This manuscript convincingly documents that serum creatinine rises by more than 

30% in a significant proportion of patients after initiation of treatment with an ACEI or 

ARB and that this is associated with an increase in mortality, cardiovascular disease and 

renal failure. It also documents convincingly that these trends occur in patients with 

lesser increases in serum creatinine. The manuscript is comprehensive and well written.  

 

Reply:  We thank the reviewer for this positive overall evaluation of our work.  

 

1.2  (#8) The manuscript might be even more useful if the Abstract included more 

information about the group with ≥30% increase in creatinine: i.e., that it comprised 

only 1.7% of all patients, they were more likely to be female, and were 4 times more 

likely to be taking a loop diuretic or potassium sparing diuretic. Moreover, it would be 

helpful to evaluate possible causation if pre and post blood pressures were documented. 

 

Reply:  We agree that elaboration would improve the Abstract and have therefore added the 

following sentence to the Abstract Results (Page 3): “Among the 1.7% of individuals with 

creatinine increases ≥30%, a higher proportion was female, elderly, had cardiorenal 

comorbidity, and used NSAIDs, loop diuretics, or potassium sparing diuretics.” 

 

Regarding blood pressure, please see our reply to Comment #9 below. 

 

Specific Comments: 

1.3  (#9) Introduction, line 13.  

A sudden decline in kidney function can also be attributed to a concurrent fall in blood 

pressure. Reference 2 could be improved in this regard and patients blood pressure data 

added. 

 

Reply:  This is an important point. To gain insight into this issue, we retrieved blood pressure 

measurements from the CPRD. We summarized the pre- and post-initiation blood pressure 

measurements using median systolic and diastolic blood pressures as shown below (also 

added to Table 1).  
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Table 1. Patient characteristics according to levels of serum creatinine increases after renin-
angiotensin system blockade 

 
Serum creatinine elevation following ACE/ARB initiation 

 ≥30% <30% 
   
Blood pressure, median (IQR)‡   
Pre-systolic  150 (135 to 168) 155 (142 to 169) 
Pre-diastolic 84 (75 to 95) 90 (80 to 98) 
Post-systolic 140 (125 to 158) 144 (132 to 158) 
Post-diastolic 80 (70 to 90) 83 (76 to 90) 
…   
‡ 16,365 individuals (13%) had no pre-initiation blood pressure measurement within 12 months prior to 
ACEI/ARB initiation (18% among those with ≥30% increase in creatinine and 13% among those with < 30% 
increase). As well, 17,190 individuals (14%) had no post-initiation blood pressure measurement in the 12 
months after drug initiation (19% among those with ≥ 30% increase in creatinine vs. 14% among those with < 
30% increase). 
 

 As shown, the pre-initiation median systolic and diastolic blood pressure was lower in the 

group with the larger decrease in renal function, but still corresponds to systolic hypertension and is 

above the NICE guideline target for hypertension control. Similarly, post-initiation blood pressure 

was also lower in the group with the larger increase in serum creatinine levels, but still corresponds to 

the high end of the NICE target clinic blood pressure for people aged under 80 years with 

hypertension. 

 Overall blood pressure response to ACEI/ARB initiation was similar in the two groups: for 

individuals with creatinine increases ≥30%, there was a 7% reduction in systolic blood pressure (from 

150 to 140) and a 5% reduction in diastolic blood pressure (from 84 to 80). In comparison, for 

individuals with creatinine increases below 30%, there was also a 7% reduction in systolic blood 

pressure (from 155 to 144) and a 8% reduction in diastolic blood pressure (from 90 to 83). Thus, there 

is no evidence that a substantial differential decline in blood pressure could account for the creatinine 

increases. We now include this information in the Results and Discussion sections.  

 Of note, we deliberately did not adjust for post-initiation blood pressure or differences in pre- 

and post-blood pressure, as these could be part of the causal pathway. We have added the following 

description to the manuscript:  

 

Page 7, Methods: “We obtained information for all patients on age, sex, …, blood pressure 

measurements before and after starting ACEI/ARB treatment, and…” 
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Page 8, Methods: “We defined pre- and post-initiation systolic and diastolic blood pressure based on 

the most recent measurement within 12 months before and after ACEI/ARB initiation.” 

 

Page 9, Statistical analysis, description of sensitivity analysis: “Six, to gain insight into potential 

alternative mechanisms leading to creatinine increases after ACEI/ARB initiation, we estimated the 

relative reduction in median systolic and diastolic blood pressure after ACEI/ARB initiation.” 

 

Page 10, Results: “The overall blood pressure response was similar in the two groups after starting 

ACEI/ARB treatment, both with 7% reduction in systolic blood pressure (from 150 to 140 in 

individuals with a creatinine increase ≥ 30% and from 155 to 144 in individuals with a creatinine 

increase <30%.” 

 

1.4  (#10) Page 9: Table 3 is missing 

 

Reply:  Thank you for pointing this out. The reference to Table 3 should have been omitted. We have 

now made this correction in the text. The previous Table 3 contained point estimates and 

confidence intervals, which have now been incorporated into Figure 1. Thus we were able to 

reduce the number of tables without omitting any information. 

 

1.5  (#11) Discussion  

Discuss the fact that the proportion of patients who had a ≥ 30 serum creatinine increase 

is small, predominantly female (although there were more males in the whole group), 

and were 4 times more likely to be taking a loop diuretic or potassium sparing diuretic. 

Moreover, males were 3 times more likely to develop end stage renal disease (eTable 3) 

 

Reply:  We agree with the important observation that patients with a ≥30% serum creatinine increase 

were 4 times more likely to be taking a loop or potassium sparing diuretic. We now put more 

emphasis on this point in the Discussion section (pages 10): 

 

 “Compared to patients with a creatinine increase < 30%, a higher proportion of patients with 

an increase ≥30% were female (56.1% vs. 46.1%), had moderate to severe CKD (stage 3b or 

4) (8.9% vs. 4.3%), prior MI (10.5% vs. 4.5%), heart failure (19% vs. 4.8%), arrhythmia 

(17.2% vs. 6.8%), and peripheral arterial disease (6.0% vs. 2.5%). Patients with an increase 

≥ 30% were four times more likely to use loop (28.6% vs. 7.2%) and potassium-sparing 

diuretics (8.6% vs. 2.0%), but also more frequently used beta-blockers (23.7% vs. 17.0%) and 

NSAIDs (34.0% vs. 23.5%); fewer had hypertension (64.1% vs. 75.7%), calcium channel 

blocker use (16.9% vs. 18.9%), current alcohol consumption (71.6% vs. 78.3%), or obesity 
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(29.0% vs. 33.4%). The overall blood pressure response was similar in the two groups after 

starting ACEI/ARB treatment, both with 7% reduction in systolic blood pressure (from 150 to 

140 in individuals with a creatinine increase ≥ 30% and from 155 to 144 in individuals with a 

creatinine increase <30%). Socioeconomic status, use of thiazides, prevalence of smoking, 

and prevalence of diabetes did not differ between the groups.” 

 

 On pages 10-11, we now describe the differences in a number of patient characteristics 

between those with a creatinine increase ≥ 30% and those with an increase < 30%. 

Importantly, we were able to adjust for these factors, as discussed in the Discussion section.  

 

In the first paragraph of the Results section on page 10, we highlight that 1.7% of patients had 

increases in serum creatinine ≥ 30%: “Among 303,494 patients who initiated ACEI/ARB 

therapy during 1997-2014, 122,363 (40%) had both baseline and follow-up creatinine 

monitoring and were included in the study (Table 1). Among these, 2,078 (1.7%) had a 

creatinine increase ≥ 30% (median age 68 years) and 120,285 (98.3%) had an increase 

<30% (median age 63 years).”  

 

Moreover, we emphasize in the first sentence of the “Conclusion and implications” section 

that the proportion of individuals with a creatinine increase ≥ 30% is relatively small: “In 

routine primary care, the majority of patients initiating treatment with ACEI/ARB experience 

only minor changes in renal function”. 

 

1.6  (#12) Weakness: Lack of BP data. 

Reply:  Please see our reply to Comment #9. 

 

1.7  (#13) Conclusions: Page 13, lines 57/58 

Since only 1.7% of patients had a 30% increase in creatinine, it seems excessive to call it 

"common".  

Reply:  Considering the prevalence of prescribing of these drugs, 1.7% translates into an alarmingly 

high absolute number of patients. Moreover, a total of 16.3% of patients had an increase in 

creatinine above 10%, which was also associated with poor outcome. However, we agree the 

wording could be improved and we now write (page 16):  

 

“However, increases in creatinine levels after ACEI/ARB initiation above 10% affect more 

than 15% of patients and thus have important implications.” 
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1.8  (#13) Page 15: Lines 26-30. It would be more precise to state that "We showed that a 

small proportion of patients in routine clinical care who initiate treatment with an 

ACEI/ARB experience an increase ....." 

Reply:  We have added the reviewer’s suggestion (underlined in the first bullet point below). To add 

balance to this addition, we have also added a 4th bullet point stating that creatinine increases 

“above 10% after ACEI/ARB initiation are common (>15%)” and also associated with poor 

long-term outcome (page 17). The bulleted points now read as follows: 

 

• We confirmed that the relatively small proportion of patients in routine clinical care who 

initiate treatment with an ACEI/ARB and are found to have a ≥ 30% increase in creatinine at 

first follow-up monitoring are at increased risk of adverse cardiac outcomes and death 

• We established an even higher long-term risk for end-stage renal disease, and while 

cardiorenal risks were highest in the first year after ACEI/ARB initiation, they remained 

elevated for most outcomes up to ten years later.  

• We demonstrated a dose-response relation between level of creatinine increases and risk of 

adverse outcomes, indicating that increases below 30% cannot be viewed as clearly safe.  

• Creatinine increases above 10% after ACEI/ARB initiation are in fact common (>15%) and 

also associated with increased cardiorenal risks – indicating the need for reconsideration of 

indications for, and potential benefits of, ongoing prescribing. 
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Reviewer 2 

Sunil Bhandari, Clinical Professor and Consultant Nephrologist 

Hull and East Yorkshire Hopsitals NHS Trust and Hull York Medical School 

 

Originality of Article. 

The article from Schmidt and colleagues uses the powerful databases of CPRD and HES 

to carry out a population based cohort study. As with all databases there are limitations 

in quality of the data entered and completeness but the authors are experienced in this 

type of “big data” analysis. As mentioned only 60% of patients from the CPRD database 

had HES data available.  

The research question although not completely original does add to the literature. There 

have been several studies looking at ACEi and ARB as in the opening statement of the 

discussion from the authors. Indeed, the interest in this area arose in part from series of 

published the large negative studies of dual blockade – On- Target, Nephron D, Alisterin 

and the previous discredited COOPERATE study. These demonstrated adverse effects 

in a select population. Also in the cardiovascular field the Atmosphere and Astronaut 

studies with Aliskerin have shown similar results and a safety signal was also evident. 

This however may not apply to all populations.  

The novelty of the current study is the link of ACEI/ARB use with a “significant” rise in 

serum creatinine on commencing therapy and whether this is predictive of outcomes 

(renal, cardiac). In a separate paper in press they examine concordance of medication 

and potassium levels. 

 

2.1  (#14) It should be noted by the authors that there have been several studies 

demonstrating that patients with CKD are less likely to be prescribed ACEI/ARB 

despite the potential benefit. These studies overlap a little with the current study 

although they do not look at the same exact issue. 

• Chang T et al CJASN 2011; 6, 864-869. 

• Fox CS et al Circulation 2010; 121; 357-365.  

• A recent paper from Chang T et al also demonstrated that there was less use of 

ACEi/ARB during the transition from CKD to dialysis therapy. (CJASN 2016; 11; 

1401). This, I would assume, may apply to a percentage of the current cohort.  

 

Reply:  We share the concern that our results might deter prescribing of this important group of 

medications, particularly in ‘high-risk’ groups such as those with CKD, among whom the 

drugs are already underutilised. We thus have been careful not to be alarmist in the discussion 
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of our findings (please see response to Comment #14 above: “We confirmed that the 

relatively small proportion of patients in routine clinical care who initiate treatment with an 

ACEI/ARB and are found to have a ≥ 30% increase in creatinine at first follow-up monitoring 

are at increased risk of adverse cardiac outcomes and death”. 

 

2.2  (#15) The results of the current study show an interesting finding that even smaller 

increases in serum creatinine after ACE/ARB initiation still lead to potential adverse 

outcomes, even when stratified for baseline renal function. This is somewhat unexpected 

and is in contrast to published dogma, which suggests that a rise in creatinine with 

introduction of ACEi/ARB is predictive of renal benefit. However, the one major flaw in 

this paper is the lack of data on proteinuria and whether this group behaved the same. 

Reply:  Regarding proteinuria, please see our reply to Comment #26 below. 

 

2.3  (#16) Importance of work to general readers 

This article spans medicine in that ACE and ARB therapy is one of the commonest 

mediations used in several specialities and in Primary care. Therefore, a general journal 

is appropriate. One of the most important messages from this paper and their pending 

article on adherence and monitoring reinforces the important of patient follow-up and 

monitoring long term and consideration of cardiovascular risk factors. This is therefore 

an important step for clinicians to pause and educate patients.  

Reply:  We thank the reviewer for agreeing on the clinical importance of our results. 

 

Scientific reliability. 

R2.4  (#17) The research question as stated is clearly defined and in the main text 

appropriately answered. However as mentioned above one key omission is the impact of 

proteinuria. Some comment should be given to this which I have mentioned again later. 

Reply:  We thank the author for stating that the research question as put forward has been adequately 

answered. Regarding proteinuria, please see our reply to Comment #26 below.  

 

2.5  (#18) The overall design of study seems adequate but this should be assessed by a trialist 

and reviewer experienced in big data analysis. 

Reply:  N/A for authors. 

 

2.6  (#19) There is limited data of the participants studied as this depends on the information 

submitted to the database but the main confounders are included. 

Reply:  We agree and now discuss the study’s strengths and limitations in more depth in the 

Discussion. 
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2.7  (#20) The methods section is detailed and the protocol provided, I did not see a 

CONSORT for randomised trials but ethical approval was granted. 

Reply:  A CONSORT diagram was not provided as it pertains to randomized controlled trials. We 

have included the STROBE statement as recommended in the BMJ instructions for authors 

(http://www.bmj.com/about-bmj/resources-authors/article-types/research). 

 

2.8  (#21) The authors define ESRD as including those with an AV fistula but do not include 

those with a CVC line. Again it is well recognised that a significant proportion of 

patients with AV fistula do not progress to dialysis. Also to add transplant to this group 

seems surprising as this group will have much improved renal function and their 

outcomes are vastly different from those on dialysis or nearing dialysis. In addition, 

studies in dialysis suggesting little benefit of ACE inhibitors. Finally, a proportion of PD 

and HD patients will have residual renal function and the use of ACEI may either 

preserve or lead to a loss of this or effects on potassium. This has shown to affect 

mortality. 

• Garthwaite E and Bhandari S. The effects of Angiotensin converting enzyme inhibitors 

on potassium homeostasis in dialysis patients. Artificial Organs 2009, 33 (8), 641-647 

• Brener ZZ,KotankoP,ThijssenS,etal. Clinical benefit of preserving residual renal 

function in dialysis patients: an update for clinicians. AmJ Med Sci2010;339:453–6. 

• Moist LM, Port FK, Orzol SM, et al. Predictors of loss of residual renal function among 

new dialysis patients. J Am Soc Nephrol 2000; 11:556–64. 

Reply:  As ESRD is a study endpoint, we used a broad definition to capture the vast majority of cases. 

In a recent paper, we show that the coding used in this approach closely reflects prevalence of 

ESRD in the UK based on data from the Renal Registry (Iwagami M, Tomlinson 

L, Mansfield K, Casula A, Caskey F, Aitken G, Fraser S, Roderick P, Nitsch D. Validity of 

estimated prevalence of decreased kidney function and renal replacement therapy from 

primary care electronic health records compared to national survey and registry data in the 

UK. Nephrol Dial Transplant (In press).  

 

As CVC lines are inserted just prior to commencement of hemodialysis, use of the associated 

code in addition to the dialysis codes already included is likely to provide very few or no 

further cases. We also note that our study was not powered to look at differential outcomes 

among ESRD patients using different modalities of renal replacement. As well, we excluded a 

priori the 17 patients with a prior history of ESRD from the cohort (described on page 6), as 
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we lacked the detailed information about dialysis time needed to characterize their response to 

ACEI/ARB initiation in terms of changes in creatinine values.  

 

2.9  (#22) Results 

The results are briefly described but do detail the main findings and are well presented 

in this reviewer’s opinion. If one was to be pedantic the results from the table are 

repeated in the text but only the most important. The interpretation and conclusions are 

well presented but the authors should consider the following: 

From table 1 there was the relatively high percentage of arrhythmias in the >30% group 

related to dose of ACE/ARB and outcome from hyperkalaemia as this group also had a 

fourfold greater use of potassium sparing diuretics. 

Reply:  The proportion of arrhythmias presented in Table 1 equals the prevalence of this diagnosis at 

or before the time of ACEI/ARB initiation. The Reviewer may be suggesting that 

hyperkalaemia-related arrhythmias increase mortality among those with reduced renal 

function after ACEI/ARB initiation. This is an important point, which we now address in an 

additional sensitivity analysis. (Please see our response to Comment #34 below). 

 

2.10  (#23) The reference to the “dose response” (Figures 2 and 3 and text at several points) 

maybe confusing to the general reader who may consider this in relation to drug dosing 

rather than the effect of creatinine rise. It maybe indeed related to the drug dose as part 

of the effect but this was not examined. Could the authors choose a different phrase to 

express this perhaps “magnitude of effect” or something more reflective. Please change 

throughout the text. 

Reply:  We appreciate the Reviewer’s concern with conveying our message clearly to readers. 

However, “magnitude of effect” does not have the same meaning as “dose-response”. We 

believe the term “dose-response” simply conveys the nature of the association between degree 

of change in creatinine values and risk of adverse outcomes. We also think this term is well 

recognized among BMJ readers. Unless the Editors prefer otherwise, we thus prefer to retain 

this terminology. 

 

2.11 (#24) A recent paper has eloquently teased out the vagaries of drug dosing in patient 

with CKD and use of ACEi and ARB; and the lack of dose adjustment for ACEi which 

are mainly renal excreted as opposed to ARBs which are in the main hepatically 

metabolised. Perhaps the authors could comment on this finding in their article.  

 

• Martin Chaumont, Aline Pourcelet,Marc van Nuffelen, Judith. Acute Kidney Injury 

in Elderly Patients With Chronic Kidney Disease: Do Angiotensin-Converting 
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Enzyme Inhibitors Carry a Risk? The Journal of Clinical Hypertension 18; 6;| June 

2016 

Reply:  Thank you for drawing our attention to this reference. Unfortunately, available data do not 

allow us to address the dose of ACEI/ARB prescribed. Importantly, however, the exposure in 

our study was not ACEI/ARB use, but rather increases in creatinine levels following 

ACEI/ARB initiation. We also were able to adjust for level of renal function. 

 

2.12  (#25) Two omissions worthy of at least consideration is the effect of ACEi inhibition on 

anaemia. The mechanism is unclear – probable erythropoietin related but this may have 

had an influence on cardiovascular events and heart failure. It is unlikely that this data 

will be available. 

• Albitar S, GeninR, Fen-ChongM, et al. High dose enalapril impairs the response 

to erythropoietin treatment in haemodialysis patients. Nephrol Dial 

Transplant1998;13:1206–10. 

Reply:  We appreciate these insights into potential mechanisms underlying adverse cardiorenal 

outcomes after ACEI/ARB initiation.  

 

2.13  (#26) The other omission is the important consideration of proteinuria which is a strong 

biomarker of all the outcomes studied. The authors will be aware of the wealth of 

published data in this area and the extensive CKD consortium findings: CKD Prognosis 

Consortium Lancet Matsushsita et al 2010; 375: 2073–2081 

Reply:  As also pointed out by the other Reviewers, proteinuria is an extremely important issue, both 

as a potential indication for ACEI/ARB initiation and as a marker for long-term adverse 

cardiorenal outcomes. Our review of the quality of proteinuria records in the CPRD found it 

to be inadequate (e.g., data on the urine albumin:creatinine ratio was available for less than 

100 patients, and there was evidence of selective recording with marked temporal variation). 

However, we believe that it is very unlikely that our results can be explained by proteinuria. 

For this to be the case, the level of proteinuria would have to be associated with the degree of 

increase in creatinine levels after ACEI/ARB initiation. We know of no evidence that this 

occurs. Our clinical experience suggests the opposite, e.g., people with renal artery stenosis 

are likely to have minimal proteinuria. In our initial submission we provided a stratified 

analysis in supplementary eTable 3 for all outcomes by presence/absence of diabetes. Our 

reasoning was as follows: it is likely that a substantial proportion of diabetics taking 

ACEI/ARBs will have significant proteinuria; if proteinuria is indeed an important 

unmeasured confounder, we would have expected to see different effect estimates for 

diabetics and non-diabetics. Reassuringly, the effect estimates were in fact very similar for 

these two patient groups. Given the importance of this information, we now have moved 
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supplementary eTable 3 to the main paper as Table 3. The Table is copied below for ease of 

reference. 

  

Table 3. Creatinine increases ≥ 30% after renin-angiotensin system blockade and risk of adverse cardio-renal 
events, stratified by comorbidities 
 Adjusted incidence rate ratio (95% confidence intervals) 
Baseline characteristics 
 

End-stage renal 
disease 

Myocardial 
infarction Heart failure All-cause death 

Sex 
  

 
 Men 4.81 (3.22-7.21) 1.64 (1.24-2.17) 1.51 (1.20-1.91) 1.89 (1.62-2.20) 

Women 1.64 (0.75-3.58) 1.30 (0.89-1.88) 1.25 (0.94-1.65) 1.74 (1.50-2.03) 
Diabetes mellitus 3.19 (1.81-5.61) 1.82 (1.28-2.60) 1.32 (0.95-1.85) 1.96 (1.66-2.32) 
No diabetes mellitus 3.09 (1.91-5.01) 1.31 (0.97-1.78) 1.40 (1.13-1.73) 1.78 (1.55-2.04) 
Prior myocardial infarction 1.12 (0.21-6.00) - 1.34 (0.85-2.10) 1.93 (1.53-2.43) 
No myocardial infarction 3.62 (2.50-5.24) - 1.42 (1.16-1.75) 1.84 (1.63-2.06) 
Heart failure 1.86 (0.40-8.74) 1.63 (0.96-2.78) - 1.85 (1.54-2.23) 
No heart failure 3.86 (2.70-5.53) 1.47 (1.12-1.91) - 1.85 (1.63-2.10) 
Hypertension 4.53 (2.99-6.87) 1.65 (1.22-2.22) 1.61 (1.30-1.99) 1.94 (1.69-2.22) 
No hypertension 1.92 (0.93-3.97) 1.21 (0.80-1.84) 1.14 (0.85-1.51) 1.76 (1.50-2.07) 
Cardiac arrhythmia 3.83 (1.36-10.8) 1.70 (0.98-2.94) 1.35 (0.94-1.93) 1.68 (1.38-2.04) 
No cardiac arrhythmia 3.49 (2.41-5.05) 1.44 (1.11-1.87) 1.42 (1.17-1.74) 1.93 (1.71-2.19) 
Peripheral arterial disease 1.03 (0.14-7.67) 1.59 (0.83-3.06) 1.78 (1.06-2.98) 1.86 (1.32-2.61) 
No PAD 3.67 (2.58-5.22) 1.48 (1.16-1.88) 1.35 (1.10-1.64) 1.86 (1.68-2.06) 
Chronic kidney disease (eGFR)     
Stage ≤2 (≥60) 2.70 (1.61-4.50) 1.42 (1.06-1.89) 1.23 (0.99-1.53) 1.71 (1.49-1.96) 
Stage 3a (45–59) 5.81 (2.82-11.97) 2.10 (1.33-3.31) 1.90 (1.30-2.77) 2.05 (1.62-2.60) 
Stage 3b (30–44) 2.79 (1.06-7.34) 1.31 (0.54-3.17) 1.64 (0.96-2.81) 2.01 (1.45-2.77) 
Stage 4 (15–29) 7.81 (1.99-30.7) 0.84 (0.09-7.94) 0.68 (0.09-5.18) 2.36 (1.28-4.37) 

See Table 2 and text for definitions of the study cohort, serum creatinine increases, and the adjusted model. 

 

 

In addition, we have added the results of sensitivity analyses among diabetic users to eTable 2; again 

there was minimal change in effect estimates. The relevant results are provided below. 
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eTable 2. Creatinine increases ≥30% after renin-angiotensin system blockade and risk of adverse cardio-renal 
events: sensitivity analyses (1) restricted to 2004-2014; (2) excluding patients with diabetes/stage 4 chronic kidney 
disease; (3) restricted to continuing users; (4) restricted to diabetic users; and (5) excluding patients with 
hyperkalaemia* 

Serum creatinine increase† Number of 
events 

Rate 
per 1,000 person-years 

Incidence rate ratio (95% confidence interval) 
Age- and sex-adjusted Fully adjusted‡ 

…     
4: Diabetic users     
End stage renal disease     

< 30% 285 2.1 1.00 (reference) 1.00 (reference) 
≥ 30% 17 7.8 3.77 (2.37-5.98) 3.19 (1.81-5.62) 

Myocardial infarction     
< 30% 1034 7.9 1.00 (reference) 1.00 (reference) 
≥ 30% 33 16.3 2.03 (1.45-2.84) 1.81 (1.27-2.59) 

Heart failure     
< 30% 1982 15.4 1.00 (reference) 1.00 (reference) 
≥ 30% 55 29.7 1.89 (1.43-2.50) 1.32 (0.95-1.85) 

All-cause mortality     
< 30% 3933 28.6 1.00 (reference) 1.00 (reference) 
≥ 30% 168 76.0 2.46 (2.09-2.90) 1.96 (1.66-2.31) 
…     

* Among patients with at least one creatinine measurement within 12 months before and 2 months after drug initiation, who 
continued treatment after the first follow-up measurement (i.e., the first continuous course of therapy ended at least 30 days 
after the first monitoring date, except in Sensitivity Analysis 3, in which a 90-day window was used) 
† Increase calculated as the difference between the most recent baseline measurement within 12 months before drug initiation 
and the first follow-up measurement within two months after drug initiation. 
‡ Adjusted for age, sex, comorbidities (diabetes mellitus, myocardial infarction, heart failure, hypertension, arrhythmia, 
peripheral arterial disease, and chronic kidney disease stage), comedications (beta-blockers, calcium channel blockers, 
thiazides, loop diuretics, and potassium sparing diuretics), lifestyle factors (smoking status, alcohol intake, and body mass 
index), socioeconomic status, calendar period, and time since first prescription. 
§ Prescription coverage > 90 days after retest 
|| Potassium > 6 mmol/L 
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eTable 2. Cardiorenal risks associated with detailed levels of creatinine increases following renin-
angiotensin system blockade: sensitivity analyses (1) restricted to 2004-2014; (2) excluding patients with 
diabetes/stage 4 chronic kidney disease; (3) restricted to continuing users; (4) restricted to diabetic users; 
and (5) excluding patients with hyperkalaemia*  
 Adjusted incidence rate ratio (95% confidence intervals) 

Creatinine increases 
End-stage renal 

disease 
Myocardial 
infarction 

Heart failure All-cause death 

…     
4: Diabetic users     
<10% 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 
10-19% 1.70 (1.22-2.36) 1.24 (1.03-1.50) 1.16 (1.00-1.35) 1.17 (1.06-1.29) 
20-29% 2.43 (1.37-4.29) 1.42 (1.02-1.99) 1.26 (0.98-1.64) 1.52 (1.30-1.77) 
30-39% 3.73 (1.80-7.71) 1.84 (1.12-3.05) 1.33 (0.87-2.04) 1.77 (1.40-2.24) 
≥40% 3.39 (1.28-9.00) 1.98 (1.15-3.40) 1.42 (0.86-2.35) 2.37 (1.88-3.00) 
…     

See Table 2 and text for definitions of the study cohort, serum creatinine increases, and the adjusted model. 
* Prescription coverage > 90 days after retest 
† Potassium > 6 mmol/L

 
Moreover, we have addressed the issue of proteinuria more fully in the revised manuscript, as detailed below: 

 

Page 9, Statistical analysis: “Fourth, to consider the potential confounding effect of proteinuria, we 

restricted an analysis to diabetic ACEI/ARB users, among whom we would anticipate that the 

majority have substantial protein excretion.” 

 

Page 12, Discussion: “Importantly, the IRR for death had high precision for all subgroups and was 

consistently increased in patients with and without individual comorbidities, including diabetes.” 

 

Page 13, Discussion: “We were unable to adjust for proteinuria, a potentially important confounder 

due to its association with adverse cardiorenal outcomes, because of its incomplete recording. 

However, in order to provide an explanation for our results, proteinuria would need to be associated 

with the degree of increase in creatinine levels after ACEI/ARB initiation. We are not aware of any 

evidence that this is the case. In addition, effect estimates were similar in all analyses restricted to 

diabetics, among whom we would anticipate that a high proportion would have substantial urinary 

protein excretion.” 

 

Discussion 

2.14 (#27) The generalizability of this real world study is one of the key strengths for the general 

physician with a patient in front of them and the data from Figure 2 is a useful summary of 

risk that can be given to a patient to allow a more informed decision. 

Reply:  Thank you. 
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2.15  (#28) Page 12. Line49: The authors mention heart failure trails but it is interesting to note the 

EMPHASIS-HR (Circulation HF 2014 and the Val-HEFT (Circulation HF 2013) of dual 

blockade showed that despite an early decline in creatinine was no increase rate of adverse 

outcomes at 3 years. 

Reply: We agree with the Reviewer that a number of papers have looked post hoc at clinical trial data (for 

single- and dual-agent therapy) and related post-initiation changes in creatinine levels and long-term 

outcomes. These are considered in the Discussion section. We feel that our work is a substantial 

addition to this literature, as it reflects real clinical practice for all prescribing indications and 

includes ESRD as an outcome. 

 

2.16  (#29) For the general reader it would be important to stress that only 1.7% of so patients had a 

creatinine increase of >30%. This authors due state that only minor changes in renal function 

occur in the majority but it should be further emphasised. 

Reply:  We agree and have emphasized this in several places in the revised manuscript, as follows:  

 

Page 10: Results section, first paragraph: “Among these, 2,078 (1.7%) had a creatinine increase 

≥30% (median age 68 years) and 120,285 (98.3%) had an increase <30% (median age 63 years).” 

 

 Page 17: What this study adds: “We confirmed that the relatively small proportion of patients in 

routine clinical care who initiate treatment with an ACEI/ARB and are found to have a ≥30% 

increase in creatinine at first follow-up monitoring are at increased risk of adverse cardiac outcomes 

and death.” 

   

  Page 16: Conclusions and implications: “In routine primary care, the majority of patients initiating 

treatment with an ACEI/ARB experience only minor changes in renal function.”  

 

2.17 (#30) References 

A few suggested references to consider are detailed below. 

• Cheng, J., et al., Effect of angiotensin-converting enzyme inhibitors and angiotensin ii 

receptor blockers on all-cause mortality, cardiovascular deaths, and cardiovascular events 

in patients with diabetes mellitus: A meta-analysis. JAMA Internal Medicine, 2014. 

174(5): p. 773-785. 
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• Hsu, T.W., et al., Renoprotective effect of renin-angiotensin-aldosterone system blockade 

in patients with predialysis advanced chronic kidney disease, hypertension, and anemia. 

JAMA Internal Medicine, 2014. 174(3): p. 347-54. 

• Ahmed A, Jorna T, Bhandari S. Should We STOP Angiotensin Converting Enzyme 

Inhibitors/Angiotensin Receptor Blockers in Advanced Kidney Disease? Nephron 2016 

DOI: 10.1159/000447068 

• Evans M, Carrero JJ, Szummer K, Åkerblom A, Edfors R, Spaak J, Jacobson SH, Andell 

P, Lindhagen L, Jernberg T. Angiotensin-Converting Enzyme Inhibitors and Angiotensin 

Receptor Blockers in Myocardial Infarction Patients With Renal Dysfunction. J Am Coll 

Cardiol. 2016 Apr 12;67(14):1687-97. doi: 10.1016/j.jacc.2016.01.050. 

• Jun Cheng, Wen Zhang, Xiaohui Zhang, Fei Han, Xiayu Li, Xuelin He, Qun Li, Jianghua 

Chen, Effect of Angiotensin-Converting Enzyme Inhibitors and Angiotensin II Receptor 

Blockers on All-Cause Mortality, Cardiovascular Deaths, and Cardiovascular Events in 

Patients With Diabetes Mellitus A Meta-analysis. JAMA Intern Med. 2014;174(5):773-

785.  

• Catalá-López F, Macías Saint-Gerons D, González-Bermejo D, Rosano GM, Davis BR, 

Ridao M, Zaragoza A, Montero-Corominas D, Tobías A, de la Fuente-Honrubia C, 

Tabarés-Seisdedos R, Hutton B. Cardiovascular and Renal Outcomes of Renin-

Angiotensin System Blockade in Adult Patients with Diabetes Mellitus: A Systematic 

Review with Network Meta-Analyses. PLoS Med. 2016 Mar 8;13(3):e1001971. doi: 

10.1371/journal.pmed.1001971.  

Reply:  We thank the reviewer for these suggestions. We are aware of the evidence of benefits of 

ACEI/ARBs and it is important to emphasize that the current study does not undermine that 

evidence. Instead, our study flags that the risk-benefit ratio may be different among patients with 

marked creatinine changes. To make this clearer, we have added the following underlined text to the 

discussion (page 15):  

 

“While this deterioration is associated with a poorer prognosis compared to patients with preserved 

renal function, the overall benefits of ACEI/ARB therapy remain for cardiovascular outcomes and 

mortality.23 The current study does not undermine that evidence, but flags that the risk-benefit ratio 

may be different among those with marked creatinine changes. Moreover, for other prescribing 

indications and for renal outcomes, the balance between the risks and benefits of continuing 

treatment for patients who experience deterioration in renal function are less clear.” 

 

2.18  (#31) Minor Points 
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Page 9; line 11 – CKD 3b or above – is the better or worse CKD  

Reply:  We have revised the text as recommended, changing the sentence from “had CKD stage 3b or 

above” to “had moderate to severe CKD (stage 3b or 4)”. 

 

2.19  (#32) Page 11 – as the authors suggest adverse outcomes is difficult to assess as those not 

monitoring may be well, hence reducing adverse outcomes; they may be worse or have a cough 

hence also reducing adverse outcomes as the are no longer on the drug. 

Reply:  We have addressed the issue of generalisability of our results to patients with incomplete monitoring 

in our response to the Editors’ first two comments. 

 

2.20  (#33) As indicated the measure of concordance or discontinuation is prescription based and 

subject to error. 

Reply:  This limitation is not specific to the current study, but inherent to some degree to all 

pharmacoepidemiological studies. As our exposure definition relates to very early use of 

ACEI/ARBs, we do not have a basis for suspecting that differential concordance can explain our 

study findings.  

 

We elaborate on this in the Discussion section, as follows:  

- Page 14: “Our study was also able to focus on participants whom we were confident continued to 

be prescribed ACEI/ARBs after their post-initiation blood test (regardless of creatinine results).” 

 

- Page 14: “GP system software used for issuing prescriptions ensures the accuracy of prescription 

data. However, we cannot be certain that patients were taking their medication as prescribed. Still, 

given the consistency of results for the overall cohort and for those with prescription coverage 90 

days after the monitoring date, it is unlikely that misclassified drug use impacted the results 

substantially”. 

 

2.21  (#34) From the author pending paper on potassium and adherence it is concerning that less 

than 50% (indeed less than 10%) of participants had appropriate guideline based monitoring 

and in those with a rise in potassium or elevated potassium of >6mmol/l no apparent 

“documented” change in medication was made. With this in mind can the authors elaborate on 

how this affects the findings in the current analysis, especially in relation to adverse cardiac 

outcomes. 

Reply:  The reviewer raises an important issue. Many patients with substantial declines in renal function may 

also develop hyperkalaemia, which may explain the increased risk of adverse outcomes (in particular 
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mortality). To explore this possibility, we performed a sensitivity analysis excluding patients with 

potassium >6mmol/l at the first follow-up monitoring. We have added these results to the paper and, 

as shown below, they support the primary analysis.  

 

Page 9, Statistical section: “Fifth, we excluded patients with potassium >6mmol/l at the first follow-

up monitoring to explore the prognostic influence of hyperkalaemia on the outcomes, in particular 

death.” 

 

eTable 2. Creatinine increases ≥30% after renin-angiotensin system blockade and risk of adverse cardio-
renal events: sensitivity analyses (1) restricted to 2004-2014; (2) excluding patients with diabetes/stage 4 
chronic kidney disease; (3) restricted to continuing users; (4) restricted to diabetic users; and (5) excluding 
patients with hyperkalaemia*   

Serum creatinine 
increase† 

Number of 
events 

Rate 
per 1,000 person 

years 

Incidence rate ratio (95% confidence 
interval) 

Age- and sex-
adjusted Fully adjusted‡ 

     
…     
5: Hyperkalaemia 
excluded||     
End-stage renal disease     

< 30% 748 1.3 1.00 (reference) 1.00 (reference) 
≥ 30% 43 5.0 3.99 (2.91-5.46) 3.30 (2.26-4.83) 

Myocardial infarction     
< 30% 3328 5.9 1.00 (reference) 1.00 (reference) 
≥ 30% 86 11.0 1.73 (1.40-2.14) 1.46 (1.16-1.84) 

Heart failure     
< 30% 6867 12.4 1.00 (reference) 1.00 (reference) 
≥ 30% 203 28.4 2.11 (1.81-2.45) 1.37 (1.13-1.65) 

All-cause mortality     
< 30% 13225 22.3 1.00 (reference) 1.00 (reference) 
≥ 30% 620 71.4 2.65 (2.44-2.88) 1.84 (1.64-2.05) 

* Among patients with at least one creatinine measurement within 12 months before and 2 months after drug initiation, who 
continued treatment after the first follow-up measurement (i.e., the first continuous course of therapy ended at least 30 days 
after the first monitoring date, except in Sensitivity Analysis 3, in which a 90-day window was used) 
† Increase calculated as the difference between the most recent baseline measurement within 12 months before drug initiation 
and the first follow-up measurement within two months after drug initiation. 
‡ Adjusted for age, sex, comorbidities (diabetes mellitus, myocardial infarction, heart failure, hypertension, arrhythmia, 
peripheral arterial disease, and chronic kidney disease stage), comedications (beta-blockers, calcium channel blockers, 
thiazides, loop diuretics, and potassium sparing diuretics), lifestyle factors (smoking status, alcohol intake, and body mass 
index), socioeconomic status, calendar period, and time since first prescription. 
§ Prescription coverage > 90 days after retest 
|| Potassium > 6 mmol/L 
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eTable 3. Cardiorenal risks associated with detailed levels of creatinine increases following renin-
angiotensin system blockade: sensitivity analyses (1) restricted to 2004-2014; (2) excluding patients 
with diabetes/stage 4 chronic kidney disease; (3) restricted to continuing users; (4) restricted to diabetic 
users; and (5) excluding patients with hyperkalaemia*   
 Adjusted incidence rate ratio (95% confidence intervals) 

Creatinine increases 
End stage renal 

disease 
Myocardial 
infarction Heart failure All-cause death 

…     
…     
5: Hyperkalaemia 
excluded†     
<10% 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 
10-19% 1.75 (1.42-2.14) 1.12 (1.00-1.25) 1.14 (1.06-1.23) 1.15 (1.08-1.22) 
20-29% 2.54 (1.83-3.51) 1.26 (1.04-1.53) 1.16 (1.01-1.34) 1.35 (1.22-1.48) 
30-39% 3.82 (2.29-6.37) 1.39 (1.01-1.91) 1.39 (1.11-1.74) 1.69 (1.45-1.97) 
≥40% 3.71 (2.15-6.43) 1.64 (1.20-2.25) 1.43 (1.07-1.90) 2.13 (1.83-2.48) 

See Table 2 and text for definitions of the study cohort, serum creatinine increases, and the adjusted model. 
* Prescription coverage >90-days after retest 
† Potassium > 6 mmol/L
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2.22 (#35) Page 4; line 26: In the introduction the authors state that renal impairment is 

uncommon in clinical trials – the authors I am sure are aware of more recently trials to 

the contrary. More importantly, I do not believe that this influences the monitoring of 

treatment based on guidelines in primary care. Whether it is via a lack of understanding 

and education is unknown. For example, a rise in serum creatinine from 71 to 100 

microl/L is equates to a 33% increase, but the values remain in the “normal range” and 

may influence the actions of clinicians and GPs but as is more critical this equates to a 

42 ml/min reduction in eGFR and progression through the stages. Perhaps one should 

revise the guidelines but this will not solve actual adherence to them. Interestingly it is 

well recognised that doctors are less likely to follow guidelines in comparison to nurses.  

Reply: While we agree that trials are becoming more inclusive, George Bakris’s paper defining the 

importance of the >30% change in creatinine level was published in 2000. It therefore 

reflected an era when patients with renal impairment were often excluded from clinical trials. 

We agree that improving adherence to guidelines, particularly when related to changes in 

renal function, is complicated. 

 
2.23  (#36) Page 7; line 20: The authors mention patient “stock piling” of medication – please 

provide a reference or is this simply opinion from clinical experience.  

Reply: This assumption is commonly made in pharmacoepidemiological studies to avoid classifying 

people as non-users when in fact they have been given additional supplies of a drug outside of 

primary care. An example is a short-term supply of medications dispensed after a hospital 

admission. This assumption has no effect on our main analysis, as it is not required for drug 

initiation. 

 

2.24  (#37) The statistics is complex but in line with this type of analysis but I would suggest 

that the editor seek the advice of a statistician to review this element. 

Reply:  N/A . 

 

2.25  (#38) Table 1: age of those with >30% rise adds to 100.1%. Also was the relatively high 

percentage of arrhythmias in the >30% group related to dose of ACE/ARB and outcome 

from hyperkalaemia as this group also had a fourfold greater use of potassium sparing 

diuretics. 

Reply:  All categories sum to 100%. Small decimal inconsistencies are due to rounding of numbers. 

Table 1 shows baseline prevalence based on previous medical history. Regarding the 

influence of potassium levels, please see our replies to Comments #22 and #34 above. 

 



	 29	

Reviewer: 3 

Chris Farmer, Clinical Professor and Consultant Renal Physician 

University of Kent and East Kent Hospitals University NHS Foundation Trust 

 

Comments: 

3.1  (#39) This is an excellent paper addressing an important clinical issue where there is 

much confusion. It is clearly of interest to the wide readership of the British Medical 

Journal. The paper uses large “real world” databases which has both strengths and 

weaknesses. The authors have discussed the weaknesses of the study in some detail 

however I do not feel that some of the more important weaknesses have been 

emphasised sufficiently these will be discussed in more detail later in the review. Finally, 

I am concerned about potential misinterpretation of the paper by the readers whilst the 

authors have concluded the discussion stating “further investigation is needed to 

ascertain whether ACEi/ARB associated changes in renal function unmask underlying 

pathophysiology, or lead directly to adverse outcomes” this caveat is not borne out in the 

abstract. Readers may be misled by the abstract into thinking that ACEi/ARB 

associated reduction in renal function should result in discontinuation of the drug. It 

may be appropriate to make it more clear in the discussion that these results do not 

necessarily support discontinuation of ACEi/ARB. 

Reply:  We thank the reviewer for noting the importance of this topic for a wide readership. We agree 

with the second part of the Comment, and have revised the text as recommended (please see 

our reply to Comment #3).  

 

3.2  (#40) Page 4 line 24. I am not sure that there is any evidence that a perception that drug 

induced renal impairment is uncommon leads to less adherence to guidelines. Is there 

any evidence that ACEi/ARB monitoring is less good than any other monitoring of 

patients for example Lithium drug monitoring or thyroid function monitoring in 

patients on thyroxine. 

Reply:  We agree and have revised our text as follows (page 4): 

 

From:  

“The perception that ACEI/ARB-induced renal impairment is uncommon, as suggested by 

clinical trials,4 5 may explain in part why monitoring guidelines are not consistently followed. 

However, patients seen in routine clinical practice are on average older and have more 

comorbidity than participants eligible for trials” 

 

To: 
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“Clinical trial data has indicated that ACEI/ARB-induced renal impairment is uncommon.4 5 

Patients seen in routine clinical practice are, however, on average older and have more 

comorbidity than participants eligible for trials.6 As a consequence, the absolute risk of 

creatinine increases ≥ 30% in the community setting is not negligible.3” 

 

3.3  (#41) Page 5 line 53 whilst the definition used for reduction in renal function seems 

entirely appropriate, the use of a 12-month baseline and 2 month follow up creatinine 

has not been justified in the text. 

Reply:  We have revised and elaborated the text in response to this comment (page 6): 

“A change in creatinine levels after ACEI/ARB initiation was calculated as the relative 

difference between the most recent baseline measurement before or on the date of drug 

initiation and the first follow-up measurement within two months after initiation. We defined 

the baseline measurement as within 12 months because previous work suggested that very 

recent creatinine levels are only obtained for a small proportion of patients initiating 

ACEI/ARBs.3 The two-month post-initiation period was chosen to accord with the interval 

recommended in reviews of previous trial data.4“ 

 

3.4  (#42) Page 11 Line 2 I quite agree with this statement however there is some data 

supporting the hypothesis that some reduction in renal function may have a long term 

beneficial effect particularly in the setting of diabetic and or proteinuric renal disease. 

Reply:  We agree and, in accordance with previous reviewer comments, have revised the text to put 

our results into the context of existing evidence (page 15): 

 

“Comparison with other studies 

Many post-hoc analyses of clinical trials have examined the prognostic significance of a 

deterioration in renal function after initiation of ACEI/ARB treatment. In trials of patients 

with cardiac failure, deterioration in renal function after starting ACEI/ARB treatment is 

commonly found. 23 While this deterioration is associated with a poorer prognosis compared 

to patients with preserved renal function, the overall benefits of ACEI/ARB therapy remain 

for cardiovascular outcomes and mortality.23 The current study does not undermine that 

evidence, but flags that the risk-benefit ratio may differ among those with marked creatinine 

changes.” 
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3.5  (#43) Page 11 line 30 The omission of proteinuria from this study is a significant 

weakness, particularly given the known strong relationship between proteinuria, 

cardiovascular mortality and progression of renal disease. In addition, proteinuria itself 

may have been an indication for commencing ACEi/ARB. Therefore, to refer to it as 

potential residual confounding is somewhat understating this weakness. 

Reply:  We very much agree. Please see our reply to Comment #26 above.  

 

3.6  (#44) Page 11 Line 55 Missingness is very unlikely to be random in this dataset 

particularly since the introduction of the QOF for renal disease and diabetes.  

Reply:  We agree on the need to discuss this in more detail, along with its potential implications for 

the study results. We have elaborated and added a whole section on this issue. Please see the 

added text on page 14, provided in our reply to Comment #1 above. 
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Reviewer: 4 

Amanda Brewster, Chair 

Healthier Ageing Patient and Public Involvement Group 

 

4.1  (#45) The topic is very relevant as ACE-I and ARBs are recommended treatments for a 

variety of illnesses and therefore would affect a significant number of patients.  

Reply:  Thank you. 

 

4.2  (#46) Previous Research has shown that patients with an increase in creatinine of >30, 

after initiation of treatment, are advised to stop taking the medication because of long 

term cardio-renal risk but there has previously not been any research into the 

consequences of lower increases of Creatinine after the initiation of ACE-I /ARBs.  

Some findings from this study of the long term repercussions were quite worrying, "In 

general risks were highest in the first year after ACE-I / ARB initiation but were 

sustained up to 10 years later for end stage renal disease, myocardial infarction and 

death. Importantly we demonstrated a dose-responsive relationship between the level of 

increase in creatinine value and risk of adverse outcomes indicating that increases 

between 30% cannot be viewed as clearly safe." 

Likewise, the conclusion, "Creatinine increases following ACE-I /ARB initiation were 

associated with adverse cardio-renal outcomes in a dose-responsive relation, even below 

the guidelines recommended threshold of 30% increase for stopping treatment" 

 

4.3  (#47) This was a long Research trial (1997-2014) it was good that it was adapted as time 

went on to take into consideration changes in the Quality and Outcome Framework. 

It would be interesting to see if there has been an increase in usage of ACE-I and ARBs 

since the introduction of the QOF, part of the new GP contract and whether there is a 

correlation with an increase in patient cardio-renal problems. There are numerous 

indicators in QOF where ACE-I /ARB is recommended and obviously whilst there is 

health benefit for the patient there is also a financial incentive for GPs to comply. 

Reply:  Although we agree on the relevance of studying temporal trends in the use of ACE/ARBs 

(and actually recently initiated a project to do so), it is beyond the scope of the current paper. 

However, the impact of calendar year on the associations we studied is important. We 

therefore (page 9) “adjusted for … calendar period…” in the analyses and restricted the 

study period to the most recent 10-year calendar period (2004-2014) to increase the 

completeness of covariable recording and to take into account temporal differences in patient 

care.”  
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4.4  (#48) For example from the Guidance of GMS Contract 2016/17 

DM006.1 Rationale. The progression of renal disease in patients with diabetes is slowed 

by treatment with ACE-I and trial evidence suggests that they are most effective when 

given the maximum dose quoted in the BNF. 

* (see research conclusion above regarding dose -responsive relation) 

Although trial evidence is based largely on ACE-I, it is believed that similar benefits 

occur with ARBs in patients who are intolerable of ACE-I. 

Reply:  Please see our replies to previous Comments #3, #13, and #30, in which we elaborated and 

clarified our results in the context of existing evidence.  

 

4.5  (#49) The bigger a Practice Disease register is the more valuable their QOF point is. 

(Adjusted Disease Prevalence Factor - ADPF) This is because obviously the more 

patients who have a certain disease there is more work for the GP. However, Disease 

Registers are compiled by diagnostic Read code. Exception codes can be used which 

sometimes can mask diagnostic Read code error. Diagnostic Read codes are not always 

entered by the Clinician, some are entered by Admin staff from letters. CKD and HT 

Registers are notoriously inaccurate as data protocol often differs from Practice to 

Practice. NICE have published guidelines of new classification of CKD incorporating 

GFR and ACR. There has been reclassification of the 5 CKD groups and altered codes 

so unless Practices have kept on top of this there may be error. Until there are national 

data entry protocols with a national qualification for data entry and more thorough 

audit of Read and CTV-3 codes one cannot be assured that the data is completely 

accurate. 

Reply:  The Reviewer brings up an important point. For this reason we calculated eGFR from 

creatinine levels, so the data reported are not subject to misclassification related to coding 

issues. 

 

4.6  (#50) However there are many good Practices and there is a wealth of patient data in 

Primary Care. I think it was good that the Research team utilised this valuable resource. 

The Research team mentioned searching on Read Codes (CPRD) and ICD-10 codes 

(HES) but not CTV-3 codes which are also used in General Practice. 

Reply: We used data from the Clinical Practice Research Datalink, collected from GP practices using 

the VISION software system. The VISION software system uses Read morbidity coding, not 

CTV-3 coding.  
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4.7  (#51) It is important that a patient's health is looked at holistically and not only from a 

singular disease perspective. Also financial benefit whilst important to reflect the hard 

work of GPs should not be seen to be at the possible expense of patient health. 

Reply:  We agree. 

 

4.8    (#52) This study was population based, although patients were not actively involved.  

• Patients could have been consulted to give a patient perspective of various aspects of 

this study, from conception to monitoring.  

• An expert patient from each of the disease areas could have been consulted and the 

results could then have been cascaded through these patients back to other patients 

in these relevant disease areas with feedback follow up.  

• Random patients could have been asked to keep diaries of their quality of life or 

through questionnaires. This may have highlighted any medication changes, other 

drugs introduced or stopped. Follow-up of patients may not have been the fault of the 

Clinician but some patients may have cancelled their appointments or been away for 

a long period of time. 

Reply:  While we did not have contact with individual patients included in this study, the idea for the 

project arose from discussions with patients as well as clinical experience. The study group 

included experts in the relevant disease areas (nephrology, general medicine, cardiology, 

statistics, epidemiology). It is an important priority for us to liaise with specific patient 

organisations to disseminate our results to patients. The study was based on patients with both 

pre- and post-initiation creatinine measurements rather than follow-up appointments. 

However, we recognise that people will have not had these measurements for a variety of 

reasons and do not seek to blame anyone. 

 

4.9    (#53) Queries 

The up to 12 month time-frame for pre-initiation seems quite a long time. Later it was 

amended for up to 24 months? Patients could have been quite well at that time and 

therefore the difference in increase of creatinine could appear more pronounced or vice 

versa. Also were search criteria adjusted for medication, hospital admissions to be 

inclusive in the longer time-frame. 

Reply:  The reviewer makes a valid point that baseline creatinine may not have represented creatinine 

levels at the exact time of drug initiation. Creatinine increases also may be greater in sicker 

patients. However, it is likely that sicker patients would have had more blood tests closer to 

initiation. It is important to stress that we used the most recent baseline measurement within 

12 months. The argument for the 12-month window is provided in our reply to Comment #41. 
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In our previous work (Schmidt M et al. Adherence to serum creatinine and potassium 

monitoring and discontinuation guidelines following renin-angiotensin system blockade. BMJ 

Open. In press), we showed that 76% of all ACE/ARB initiators had a measurement within 12 

months before starting treatment (n=169,218), but 2/3 of these measurements (n=115,348) 

occurred within 6 months. Thus, for the vast majority of study patients, the baseline 

measurements were within six months before drug initiation. There was no use of a 24-month 

window. We now have added this information to the Discussion (page 14):  

 

“Although we used the most recent blood test within 12 months, two-thirds of all baseline 

creatinine tests were measured within 6 months of ACE/ARB initiation.3” 

 

Results from the BMJ Open paper in press show the monitoring patterns: 

 
 
4.10  (#54) "we did not have access to blood tests performed in Hospitals systems..." Some 

Practices enter blood test results by code from Hospital letters into the patient's 

computer file. Also some Practices have automatic electronic transfer of laboratory data 

which GPs can allow to enter the Patient's computer file. Therefore, hospital results can 

sometimes show in Patient's computer file. 

Reply:  In cases in which blood tests are added manually into the system, the data are also included in 

the current study. We have not discussed this further, as the problem with the study’s internal 

validity relates more to blood tests that we do not capture as a result of their occurring during 

a hospital admission and not being recorded in primary care records. We addressed this in two 

sensitivity analyses, the results of which were consistent with those from our main analysis 

(page 9, Statistical section):  

 

“First, we restricted the study period to the most recent 10-year calendar period (2004-2014) 

to increase the completeness of covariable recording and to take into account temporal 

differences in patient care.15 Second, we excluded patients with diabetes or CKD stage 4 to 
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account for measurements performed at outpatient hospital clinics and therefore not available 

in the CPRD for these patient groups.” 

 

4.11 (#55) The Research authors were detailed and open in their possible limitations, 

however their study was robust and relevant resulting in several pertinent findings. 

Reply: Thank you. 

 

4.12 (#56) "Although patients with prior myocardial infarction, hypertension or high 

baseline potassium level were at higher risk of sudden decline of kidney function after 

ACE-I/ARB initiation there was no evidence that these patient groups were monitored 

more frequently while initiating the drugs." 

"Patients with sustained increases in creatinine after ACE-I / ARB initiation should be 

recognised as a very high risk group requiring ongoing monitoring. Review is needed of 

the risks and potential benefits of drug continuation for the specific prescribing 

indication for each patient" 

From a patient perspective it was neatly summarised by the authors as follows: "The 

majority of patients initiating treatment with ACE-I /ARB experience only minor 

changes in renal function. 

However substantial increases in creatinine levels after ACE-I/ ARB initiation may not 

be as rare as previously suggested, reinforcing the need for adherence to clinical 

guidelines for both pre and post-initiation monitoring… More work is needed to 

determine the prognostic importance of the changes in renal function we have observed" 

This study has highlighted the need for more careful monitoring of patients receiving 

ACE-I /ARB and the authors should be commended for their work. 

It is very important that a balance of risk and benefit is presented to patients to ensure 

that they receive the best treatment for them personally. This important medical 

quandary needs to be addressed as soon as possible. It will be interesting to see the 

results of the STOP-ACE trial. 

 

Reply:  We thank the reviewer for their support of the statements above, which are taken from our 

previous work (Schmidt M et al. Adherence to serum creatinine and potassium monitoring 

and discontinuation guidelines following renin-angiotensin system blockade. BMJ Open. In 

press)  

 

 


