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ABSTRACT
Objectives To evaluate the association between 
diuretic use by class with chronic kidney disease (CKD) 
progression and onset of end- stage renal disease (ESRD).
Design Retrospective cohort study.
Setting Large integrated healthcare delivery system in 
Northern California.
Participants Adults with an estimated glomerular 
filtration rate (eGFR) 15–59 min/1.73 m2 by the CKD- 
Epidemiology Collaboration equation with no prior diuretic 
use.
Main outcome measures ESRD and a renal composite 
outcome including eGFR <15 mL/min/1.73 m2, 50% 
reduction in eGFR and/or ESRD.
Results Among 47 666 eligible adults with eGFR 
15–59 min/1.73 m2 and no previous receipt of loop or 
thiazide diuretics, mean age was 71 years, 49% were 
women and 26% were persons of colour. Overall, the rate 
(per 100 person- years) of the renal composite outcome 
was 1.35 (95% CI: 1.30 to 1.41) and 0.42 (95% CI: 0.39 
to 0.45) for ESRD. Crude rates (per 100 person- years) of 
the composite renal outcome were higher in patients who 
initiated loop diuretics (12.85 (95% CI: 11.81 to 13.98) 
vs 1.06 (95% CI: 1.02 to 1.12)) and thiazide diuretics 
(2.68 (95% CI: 2.33 to 3.08) vs 1.29 (95% CI: 1.24 to 
1.35)) compared with those who did not. Crude rates 
(per 100- person years) of ESRD where higher in patients 
who initiated loop diuretics (4.92 (95% CI: 4.34 to 5.59) 
vs 0.30 (95% CI: 0.28 to 0.33)), but not in those who 
initiated thiazide diuretics (0.30 (95% CI: 0.20 to 0.46) vs 
0.43 (95% CI: 0.40 to 0.46)). However, neither initiation of 
diuretics or type of diuretic were significantly associated 
with CKD progression or ESRD after accounting for receipt 
of other medications and time- dependent confounders 
using causal inference methods.
Conclusions The use of thiazide and loop diuretics was 
not independently associated with an increased risk of 
CKD progression and/or ESRD in adults with stage 3/4 
CKD.

INTRODUCTION
Chronic kidney disease (CKD) is a global 
public health burden with a prevalence of 
11% in the USA1 and 6% in the UK.2 CKD 
is defined as a persistently reduced estimated 
glomerular filtration rate (eGFR) <60 mL/

min/1.73m2, structural kidney damage or 
increased albuminuria.3 Progressive loss of 
kidney function results in reduced sodium 
filtration leading to volume expansion 
and worsening hypertension, especially in 
advanced CKD. Reduction in eGFR is also 
associated with a graded increased risk of 
atherosclerotic cardiovascular disease events 
(eg, acute myocardial infarction and isch-
aemic stroke), heart failure, hospitalisation 
and death.4

Loop and thiazide class diuretics are 
an important part of guideline- directed 
medical therapy for patients with CKD with 
hypertension, oedema, metabolic acidosis 
and/or hyperkalaemia.5 These diuretics 
work through inhibition of the Na+- K+−2Cl– 
cotransporter in the thick ascending limb 
of the loop of Henle (ie, loop diuretics) and 
the Na- Cl cotransporter in the distal convo-
luted tubule (ie, thiazide- type diuretics) to 

Strengths and limitations of this study

 ► A large and diverse cohort of over 45 000 partici-
pants was used to estimate the impact of incident 
loop and thiazide diuretic exposure on chronic kid-
ney disease progression.

 ► By excluding patients who received a loop or 
thiazide- type diuretic in the preceding 4 years we 
were able to detect early harm and limit adherence 
bias.

 ► Treatment selection bias (eg, physicians are more 
likely to prescribe diuretics to patients with more 
severe renal impairment) was limited by accounting 
for baseline and time- dependent confounders using 
causal inference statistical methods.

 ► Follow- up occurred over multiple years allowing for 
the capture of rare events such as initiation of renal 
replacement therapy.

 ► The study was conducted among insured adults in 
California and the results may not be completely 
generalisable to uninsured persons or persons in 
other geographical regions.
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promote natriuresis and volume removal.6 Diuretics can 
be associated with acute elevations in serum creatinine 
and electrolyte derangements.7–9 Whether diuretics result 
in direct kidney injury versus benign haemoconcentra-
tion of serum creatinine remains controversial. In addi-
tion, it is unknown if chronic diuretic use among patients 
with CKD is associated with durable reductions in eGFR 
(ie, CKD progression) or increased risk of end- stage 
renal disease (ESRD). No randomised controlled trials 
have evaluated the effect of long- term diuretic use on 
CKD progression. Previous observational studies10–12 have 
been limited by small sample sizes and confounding by 
treatment selection biases (eg, physicians are more likely 
to prescribe diuretics to patients with more severe renal 
impairment).

To address these challenges, we employed causal 
inference statistical methods to estimate the effect of 
use of loop and thiazide diuretics on CKD progression. 
These techniques account for serial change in eGFR as 
a covariate and act to minimise treatment selection and 
other important types of bias. We applied this approach 
to a large and diverse population with CKD receiving care 
within an integrated healthcare delivery system.

METHODS
Source population and analysis sample
The source population included members of Kaiser 
Permanente Northern California, a large integrated 
healthcare delivery system with 21 hospitals and >255 
outpatient clinics providing comprehensive medical care 
to ~4.5 million members. Its membership is highly repre-
sentative of the local surrounding and statewide popu-
lation with regards to age, gender, race/ethnicity and 
socioeconomic status.13

We initially identified all adult (≥18 years old) members 
between 1 January 2008 and 31 December 2012 who 
had at least one outpatient, non- emergency department 
serum creatinine measurement within a regional health 
plan laboratory which was converted to eGFR using the 
CKD Epidemiology Collaboration Equation.14 A patient’s 
index date was defined using the first eligible serum creat-
inine value during the inception period. We excluded 
patients with an eGFR ≥60 mL/min/1.72 m2 and patients 
who had less than 12 months of continuous health plan 
membership and/or pharmacy benefit before the index 
date, as well as those who initiated renal replacement 
therapy (chronic dialysis or receipt of renal transplant) 
before the index date. For our composite outcome, we 
only included patients who had an index eGFR between 
15–59 mL/min/1.72 m2 and at least one additional 
outpatient eGFR measurement during follow- up and 
before initiation of renal replacement therapy, if appli-
cable. To reduce biases due to under- ascertainment of 
early harm as well as adherence bias in evaluating the 
impact of diuretic therapy and the type of diuretic used, 
we employed a ‘new user’ design15 by excluding patients 
who received a loop or thiazide- type diuretic within 4 

years before study entry based on comprehensive health 
plan pharmacy dispensing data (figure 1).

Patient and public involvement
Patients and the public were not directly involved in the 
design, analysis, interpretation or reporting of the study 
findings.

Diuretic exposure
Receipt of new loop and thiazide diuretic therapy was 
separately identified based on dispensed prescriptions 
found in health plan pharmacy databases on or after index 
date. Longitudinal exposure was estimated from drug 
refill patterns according to the calculated supply (ie, in 
terms of days) for each prescription. For any two consec-
utive prescriptions, if the second prescription was filled 
within ≤14 days of the projected end date of the first, the 
patient was considered to have been continually on the 
medication. If the second prescription was filled >14 days 
after the projected end date of the first, the patient was 
considered to have not been taking the medication from 
day 15 until the start date of the next prescription. If two 
prescriptions for the same drug were filled on the same 
day, we used the longer estimated supply to determine 
the end date.

Follow-up and outcomes
Follow- up began at the patient’s index date and patients 
were censored at disenrollment, death or at the end of 
follow- up on 31 December 2012. Disenrollment was 
defined as a gap in membership of ≥30 days with no 
evidence of interim medical care. The primary outcomes 
were ESRD (ie, receipt of chronic dialysis and/or kidney 
transplant identified from a comprehensive health plan 
ESRD registry) and a composite renal outcome including 

Figure 1 Assembly of analytical cohorts of eligible adults 
with index eGFR <60 mL/min/1.73 m2 between 1 January 
2008 and 31 December 2012 with no evidence of prior 
diuretic use. eGFR, estimated glomerular filtration rate; 
ESRD, end- stage renal disease.
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reaching an eGFR <15 mL/min/1.73 m2, 50% reduction 
in eGFR from baseline and/or ESRD.

Covariates
Age, sex and self- reported race/ethnicity were identified 
from health plan databases. We ascertained information 
on coexisting illnesses based on validated algorithms 
using data on relevant diagnoses or procedures using 
International Classification of Diseases, Ninth Edition and 
Current Procedural Terminology codes (codes available on 
request), laboratory results or specific therapies from 
health plan hospitalisation discharge, ambulatory visit, 
laboratory and pharmacy databases4 16 17; as well as a 
regional diabetes mellitus registry.18 We also ascertained 
data on outpatient visit measures of systolic and diastolic 
blood pressure, body mass index, documented protein-
uria based on measures of urine dipstick of 1+ or greater,4 
as well as outpatient measurements of eGFR, haemo-
globin, low- density lipoprotein cholesterol, high- density 
lipoprotein cholesterol, serum potassium and white 
blood cell count. Targeted medication use was ascer-
tained based on dispensing information from outpatient 
prescriptions found in health plan pharmacy databases 
using previously described and validated algorithms and 
methods.19–22

Statistical analyses
All analyses were performed using SAS software V.9.3. 
Baseline characteristics are presented as means with SD, 
medians with IQRs and frequencies with percentages. 
Separately for loop and thiazide diuretics, we compared 
patient characteristics at baseline for those who initiated 
or did not initiate these agents during follow- up. Given the 
large sample size, for continuous variables we compared 
characteristics between those with and without diuretic 
use using Cohen’s D value by taking the standardised 
difference of means between groups and dividing by the 
pooled estimate, with a value ≥0.10 considered signif-
icant23 24; for categorical variable, we used Cramér’s V, 
with a value ≥0.10 considered significant.25 26 We next 
calculated the crude incidence of the primary composite 
outcome and the incidence of ESRD per 100 person- years 
with associated 95% CIs, overall and stratified by expo-
sure to type of diuretic during follow- up.

For loop and thiazide diuretics separately, we applied 
marginal structural model (MSM)27 causal inference 
methods with inverse probability weighting (IPW) to esti-
mate the effect of diuretic exposure and type on renal 
outcomes. The data were structured to allow the expo-
sure to diuretics, outcome status, right- censoring status 
and time- dependent covariate status to be updated every 
30 days during follow- up using appropriate time- ordering 
of these factors within each time bin. Time dependent 
covariates included all variables listed in table 1 except for 
patient demographic characteristics. Within each 30- day 
bin, we applied separate IPW’s for type of diuretic expo-
sure and right censoring to a weighted pooled logistic 
regression model where the dependent variable was only 

diuretic exposure.27 We used all baseline covariates as 
candidate variables to estimate the IPW of each type of 
diuretic exposure and differential censoring events (eg, 
death and end of study). In our models to estimate the 
IPW for a particular type of diuretic exposure (loop or 
thiazide), we also accounted for the other type of diuretic 
use in the model. Due to the low absolute incidence of 
each outcome of interest within each 30- day time bin, the 
resulting time discrete OR and its 95% CI were reported 
as the approximate relative risk of renal outcomes for 
exposure to specific diuretic use.

RESULTS
Cohort assembly
We identified 164 534 eligible adults with at least one 
outpatient eGFR <60 mL/min/1.73m2 between 2008 
and 2012 (figure 1). After exclusion for prior diuretic 
use, 54 252 patients remained in the analytical cohort. 
In the analysis of the composite renal outcome, patients 
were further excluded if their index eGFR was <15 mL/
min/1.73m2 or if they lacked at least one additional eGFR 
measurement during follow- up, yielding a cohort of 47 666 
for the composite renal outcome. During follow- up, 11% 
of the cohort initiated loop diuretics and 12% initiated 
thiazide diuretics.

Clinical characteristics by diuretic status
Among 47 666 patients without prior diuretic exposure, 
mean age was 71±13 years, 49% were women, and there 
was diverse representation with 9% African- American, 
12% Asian/Pacific Islander and 9% Hispanic. Comor-
bidity burden was high, with 20% having diabetes mellitus, 
51% with hypertension, 60% with dyslipidaemia and 42% 
being current or former smokers.

Incident loop diuretic users were more likely than non- 
users to be older and have a higher prevalence of medical 
comorbidities including atrial fibrillation/flutter, heart 
failure, valvular heart disease, diabetes mellitus and hyper-
tension (table 1). Patients with incident loop diuretic use 
were more likely to have higher systolic pressure, lower 
diastolic blood pressure and be receiving beta- blockers 
at entry. In addition, incident loop diuretic users were 
more likely to have lower eGFR, haemoglobin and choles-
terol levels but higher serum potassium compared with 
non- users.

Incident thiazide diuretic users had a similar mean 
age and comorbidity profile compared with non- users, 
though they were more likely to have elevated systolic and 
diastolic blood pressure (table 1).

Incident diuretic use and renal outcomes
During a median (IQR) 3.6 (1.5–4.6) years, 2302 (4.8%) 
patients experienced the composite renal outcome (1.35 
(95% CI: 1.30 to 1.41) per 100 person- years) and 769 
(1.4%) developed ESRD (0.42 (95% CI: 0.39 to 0.45) per 
100 person- years).
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Table 1 Baseline characteristics of adults with index eGFR 15–59 mL/min/1.73 m2 between 1 January 2008 and 31 December 
2012 with no prior diuretic use, overall and stratified by incident use of diuretics. Baseline characteristics shown for the 
composite endpoint analytical cohort, baseline characteristics of the ESRD endpoint cohort are not shown. The D value 
represents the standardised difference in means or proportions with a value ≥0.10 being significant

Characteristic

Incident
loop diuretic 
use

No incident
loop diuretic use D value

Incident
thiazide diuretic 
use

No incident
thiazide diuretic 
use D value

(N=5217) (N=42 449) (N=5941) (N=41 725)

Mean age (year), (SD) 76.0 (11.3) 70.1 (12.7) 0.49 70.8 (11.3) 70.7 (12.9) 0.00

Women, n (%) 2398 (46.0) 20 996 (49.5) 0.02 3123 (52.6) 20 271 (48.6) 0.03

Race, n (%) 0.04 0.04

White 4028 (77.2) 31 085 (73.2) 4282 (72.1) 30 831 (73.9)

Black 409 (7.8) 3726 (8.8) 678 (11.4) 3457 (8.3)

Asian/Pacific Islander 583 (11.2) 4961 (11.7) 642 (10.8) 4902 (11.7)

Native American 18 (0.3) 126 (0.3) 20 (0.3) 124 (0.3)

Other 33 (0.6) 231 (0.5) 37 (0.6) 227 (0.5)

Unknown 146 (2.8) 2320 (5.5) 282 (4.7) 2184 (5.2)

Hispanic ethnicity, n 
(%)

483 (9.3) 3642 (8.6) 0.01 543 (9.1) 3582 (8.6) 0.01

Current or former 
smoker, n (%)

2547 (48.8) 17 347 (40.9) 0.05 2551 (42.9) 17 343 (41.6) 0.01

Cardiovascular 
history, n (%)

Acute myocardial 
infarction

162 (3.1) 605 (1.4) 0.04 79 (1.3) 688 (1.6) 0.01

Unstable angina 81 (1.6) 305 (0.7) 0.03 54 (0.9) 332 (0.8) 0.00

Heart failure 304 (5.8) 586 (1.4) 0.10 95 (1.6) 795 (1.9) 0.01

Mitral or aortic valvular 
disease

481 (9.2) 1274 (3.0) 0.10 206 (3.5) 1549 (3.7) 0.00

Rheumatic heart 
disease

3 (0.1) 3 (0.0) 0.01 1 (0.0) 5 (0.0) 0.00

Atrial fibrillation and/or 
flutter

664 (12.7) 2234 (5.3) 0.10 294 (4.9) 2604 (6.2) 0.02

Ventricular tachycardia 
or fibrillation

16 (0.3) 45 (0.1) 0.02 12 (0.2) 49 (0.1) 0.01

Hospitalised ischaemic 
stroke

82 (1.6) 365 (0.9) 0.02 43 (0.7) 404 (1.0) 0.01

Transient ischaemic 
attack

114 (2.2) 513 (1.2) 0.03 86 (1.4) 541 (1.3) 0.00

Intracranial 
haemorrhage

24 (0.5) 169 (0.4) 0.00 16 (0.3) 177 (0.4) 0.01

Peripheral artery 
disease

68 (1.3) 314 (0.7) 0.02 43 (0.7) 339 (0.8) 0.00

Cardiac procedure 
history, n (%)

Coronary artery bypass 
surgery

45 (0.9) 221 (0.5) 0.01 42 (0.7) 224 (0.5) 0.01

Percutaneous coronary 
intervention

193 (3.7) 724 (1.7) 0.05 116 (2.0) 801 (1.9) 0.00

Implantable 
cardioverter 
defibrillator

19 (0.4) 33 (0.1) 0.03 3 (0.1) 49 (0.1) 0.01

Continued
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Characteristic

Incident
loop diuretic 
use

No incident
loop diuretic use D value

Incident
thiazide diuretic 
use

No incident
thiazide diuretic 
use D value

(N=5217) (N=42 449) (N=5941) (N=41 725)

Pacemaker 64 (1.2) 163 (0.4) 0.04 22 (0.4) 205 (0.5) 0.01

Medical history, n (%)

Diabetes mellitus 1660 (31.8) 7975 (18.8) 0.10 1545 (26.0) 8090 (19.4) 0.05

Hypertension 3639 (69.8) 20 838 (49.1) 0.13 3753 (63.2) 20 724 (49.7) 0.09

Dyslipidaemia 3491 (66.9) 25 025 (59.0) 0.05 3763 (63.3) 24 753 (59.3) 0.03

Chronic liver disease 106 (2.0) 619 (1.5) 0.01 98 (1.6) 627 (1.5) 0.00

Chronic lung disease 1136 (21.8) 6676 (15.7) 0.05 1002 (16.9) 6810 (16.3) 0.00

Hyperthyroidism 123 (2.4) 979 (2.3) 0.00 131 (2.2) 971 (2.3) 0.00

Hypothyroidism 984 (18.9) 6800 (16.0) 0.02 980 (16.5) 6804 (16.3) 0.00

Systemic cancer 383 (7.3) 2377 (5.6) 0.02 300 (5.0) 2460 (5.9) 0.01

Hospitalisation for 
bleeding

129 (2.5) 485 (1.1) 0.04 80 (1.3) 534 (1.3) 0.00

Diagnosed dementia 234 (4.5) 1633 (3.8) 0.01 117 (2.0) 1750 (4.2) 0.04

Diagnosed depression 684 (13.1) 5511 (13.0) 0.00 694 (11.7) 5501 (13.2) 0.01

Body mass index, kg/
m2, n (%)

0.06 0.07

<18.5 80 (1.5) 589 (1.4) 61 (1.0) 608 (1.5)

18.5–24.9 1410 (27.0) 12 410 (29.2) 1374 (23.1) 12 446 (29.8)

25.0–29.9 1787 (34.3) 15 267 (36.0) 2070 (34.8) 14 984 (35.9)

30.0–39.9 1341 (25.7) 9401 (22.1) 1669 (28.1) 9073 (21.7)

≥40.0 213 (4.1) 791 (1.9) 183 (3.1) 821 (2.0)

Unknown 386 (7.4) 3991 (9.4) 584 (9.8) 3793 (9.1)

Systolic blood 
pressure (mm Hg), 
mean (SD)

129.8 (18.2) 127.5 (16.3) 0.13 135.2 (18.4) 126.7 (16.0) 0.49

Diastolic blood 
pressure (mm Hg), 
mean (SD)

70.8 (10.8) 72.6 (10.5) 0.18 75.2 (11.6) 72.0 (10.4) 0.29

Baseline medication 
use, n (%)

Angiotensin- converting 
enzyme inhibitor

1992 (38.2) 11 520 (27.1) 0.08 2005 (33.7) 11 507 (27.6) 0.05

Angiotensin II receptor 
blocker

523 (10.0) 2624 (6.2) 0.05 468 (7.9) 2679 (6.4) 0.02

β-blocker 2486 (47.7) 12 666 (29.8) 0.12 2117 (35.6) 13 035 (31.2) 0.03

Calcium channel 
blocker

1234 (23.7) 5545 (13.1) 0.09 1041 (17.5) 5738 (13.8) 0.04

Aldosterone receptor 
antagonist

99 (1.9) 349 (0.8) 0.03 49 (0.8) 399 (1.0) 0.00

Isosorbide dinitrate + 
hydralazine

12 (0.2) 13 (0.0) 0.03 4 (0.1) 21 (0.1) 0.00

Hydralazine 115 (2.2) 323 (0.8) 0.05 55 (0.9) 383 (0.9) 0.00

Nitrate 378 (7.2) 989 (2.3) 0.09 163 (2.7) 1204 (2.9) 0.00

Alpha blocker 729 (14.0) 3946 (9.3) 0.05 534 (9.0) 4141 (9.9) 0.01

Digoxin 214 (4.1) 665 (1.6) 0.06 91 (1.5) 788 (1.9) 0.01

Table 1 Continued

Continued
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Patients initiating loop diuretic therapy had a higher 
crude rate of the composite renal outcome (12.85 (95% 
CI: 11.81 to 13.98) per 100 person- years) compared with 

those who did not receive loop diuretics (1.06 (95% CI: 
1.02 to 1.12) per 100 person- years) (table 2). Similarly, 
the rate (per 100 person- years) of ESRD was higher in 

Characteristic

Incident
loop diuretic 
use

No incident
loop diuretic use D value

Incident
thiazide diuretic 
use

No incident
thiazide diuretic 
use D value

(N=5217) (N=42 449) (N=5941) (N=41 725)

Statin 2791 (53.5) 17 466 (41.1) 0.08 2632 (44.3) 17 625 (42.2) 0.01

Other lipid- lowering 
agent

290 (5.6) 1735 (4.1) 0.02 265 (4.5) 1760 (4.2) 0.00

Antiarrhythmic agent 151 (2.9) 460 (1.1) 0.05 72 (1.2) 539 (1.3) 0.00

Anti- inflammatory drug 598 (11.5) 5240 (12.3) 0.01 799 (13.4) 5039 (12.1) 0.01

Antiplatelet agent 391 (7.5) 1564 (3.7) 0.06 233 (3.9) 1722 (4.1) 0.00

Diabetic therapy 1277 (24.5) 5853 (13.8) 0.09 1150 (19.4) 5980 (14.3) 0.05

Aspirin 170 (3.3) 807 (1.9) 0.03 118 (2.0) 859 (2.1) 0.00

Potassium 60 (1.2) 265 (0.6) 0.02 39 (0.7) 286 (0.7) 0.00

Calcium 7 (0.1) 17 (0.0) 0.01 2 (0.0) 22 (0.1) 0.00

Erythropoietin 31 (0.6) 141 (0.3) 0.01 9 (0.2) 163 (0.4) 0.01

Baseline laboratory 
values

Estimated GFR, mL/
min/1.73 m2,
n (%)

0.12 0.03

45–59 3378 (64.7) 34 137 (80.4) 4761 (80.1) 32 754 (78.5)

0–44 1470 (28.2) 6962 (16.4) 1051 (17.7) 7381 (17.7)

15–29 369 (7.1) 1350 (3.2) 129 (2.2) 1590 (3.8)

Proteinuria, n (%) 946 (18.1) 4286 (10.1) 0.08 716 (12.1) 4516 (10.8) 0.01

Haemoglobin, g/dL, 
n (%)

0.12 0.03

≥13.0 2440 (46.8) 24 982 (58.9) 3327 (56.0) 24 095 (57.7)

12.0–12.9 966 (18.5) 5691 (13.4) 829 (14.0) 5828 (14.0)

11.0–11.9 620 (11.9) 2657 (6.3) 384 (6.5) 2893 (6.9)

10.0–10.9 281 (5.4) 1027 (2.4) 144 (2.4) 1164 (2.8)

9.0–9.9 89 (1.7) 376 (0.9) 59 (1.0) 406 (1.0)

<9.0 63 (1.2) 207 (0.5) 21 (0.4) 249 (0.6)

Unknown 758 (14.5) 7509 (17.7) 1177 (19.8) 7090 (17.0)

Total cholesterol (mg/
dL), mean (SD)

176.1 (43.3) 188.9 (43.8) 0.29 188.9 (45.3) 187.3 (43.7) 0.04

Low density lipoprotein 
cholesterol (mg/dL), 
mean (SD)

97.9 (34.4) 108.4 (36.2) 0.30 107.6 (36.2) 107.2 (36.2) 0.01

High density 
lipoprotein cholesterol 
(mg/dL), mean (SD)

48.9 (14.7) 51.1 (14.8) 0.15 50.4 (14.6) 50.9 (14.9) 0.04

Serum potassium 
(mmol/L), mean (SD)

4.7 (0.5) 4.6 (0.4) 0.18 4.6 (0.5) 4.6 (0.4) 0.04

White blood cell count 
(x103), mean (SD)

7.6 (5.8) 7.2 (4.9) 0.07 7.3 (2.8) 7.3 (5.3) 0.01

eGFR, estimated glomerular filtration rate; ESRD, end- stage renal disease.

Table 1 Continued
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patients newly initiating loop diuretic therapy (4.92 (95% 
CI: 4.34 to 5.59)) compared with those who did not (0.30 
(95% CI: 0.28 to 0.33)). However, in MSM models that 
adjusted for baseline and time- dependent confounders, 
incident loop diuretic use was not significantly associated 
with the composite renal outcome (adjusted OR (aOR) 
1.38 (95% CI: 0.94 to 2.03)) or ESRD (aOR 0.72 (95% CI: 
0.35 to 1.48)) (figure 2).

The rate of the composite renal outcome was signifi-
cantly higher in patients initiating thiazide diuretics (2.68 
(95% CI: 2.33 to 3.08) per 100 person- years) compared 
with those who did not (1.29 (95% CI: 1.24 to 1.35) per 
100 person- years) (table 2). The crude rate of ESRD was 
similar between those who initiated thiazide diuretics 
(0.30 (95% CI: 0.20 to 0.46) per 100 person- years) and 
those who did not (0.43 (95% CI: 0.40 to 0.46) per 100 
person- years). In MSM models that adjusted for base-
line and time- dependent confounders, incident thiazide 
diuretic use was not associated with the composite renal 

outcome (aOR 1.09 (95% CI: 0.75 to 1.59)) or ESRD 
(aOR 1.19 (95% CI: 0.60 to 2.37)) (figure 2).

DISCUSSION
Statement of principle findings
To our knowledge, this is the largest and most compre-
hensive analysis of the potential impact of incident loop 
and thiazide diuretic exposure on CKD progression in 
a real- world population with Stage 3 or Stage 4 CKD. 
Patients initiating loop diuretics were more than 10 times 
more likely to develop ESRD and the composite endpoint 
of CKD progression while patients initiating thiazide 
diuretics were twice as likely to experience the composite 
endpoint of CKD progression. However, after accounting 
for baseline characteristics and time- dependent 
confounders, initiation of diuretics and type of diuretic 
were no longer significantly associated with worse renal 
outcomes. Incident thiazide diuretic users were more 
likely to have hypertension while incident loop diuretics 
users were older and had more comorbidities compared 
with non- users. The higher rate of poor renal outcomes 
observed in patients prescribed diuretics was likely due to 
these baseline clinical differences rather than diuretic use 
itself. Patients with lower eGFR were also more likely to be 
prescribed loop diuretics which may reflect an effort to 
treat fluid accumulation associated with advanced CKD.

Comparison with prior studies
Although diuretics are commonly prescribed to patients 
with CKD, their effect on long- term renal outcomes has 
not been rigorously studied. Hawkins and Houston28 
were the first to report on a positive correlation (R=0.754, 
p=0.03) between nationwide trends in thiazide prescrip-
tion and rates of incident ESRD using epidemiological 
data from the United States Renal Data System. Several 
small observational studies have found associations 
between diuretic use and declines in eGFR in patients with 
pre- existing CKD. In a retrospective single- centre study of 
621 patients with eGFR 15–59 mL/min/1.73 m2, diuretic 
use was independently associated with declines in eGFR 

Table 2 Crude rates of renal outcomes among eligible adults between 1 January 2008 and 31 December 2012 with no 
evidence of prior diuretic use, overall and stratified by incident use of diuretics

End- stage renal disease events per 
100 person- years

Composite renal outcome* 
events per 100 person- years

Overall 0.42 (0.39–0.45) 1.35 (1.30–1.41)

Loop diuretic use

  No incident use 0.30 (0.28–0.33) 1.06 (1.02–1.12)

  Incident use 4.92 (4.34–5.59) 12.85 (11.81–13.98)

Thiazide diuretic use

  No incident use 0.43 (0.40–0.46) 1.29 (1.24–1.35)

  Incident use 0.30 (0.20–0.46) 2.68 (2.33–3.08)

*End- stage renal disease, eGFR <15 mL/min/1.73 m2 and/or ≥50% reduction in eGFR.
eGFR, estimated glomerular filtration rate.

Figure 2 Marginal structural modelling estimate of incident 
diuretic use and outcomes in eligible adults between 1 
January 2008 and 31 December 2012. eGFR, estimated 
glomerular filtration rate.
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(HR 2.01, p=0.01).11 In another observational cohort of 
312 patients with CKD with eGFR <60 mL/min/1.73 m2, 
diuretic use was associated with larger annual declines in 
eGFR (−3.5±1.6 mL/min/1.73 m2) compared with non- 
users (−1.6±0.77 mL/min/1.73 m2) and a higher inci-
dence of renal replacement therapy.29 Numerous small 
pilot studies have examined the efficacy of various loop/
thiazide diuretic combinations on blood pressure control 
in patients with CKD and consistently reported declines 
in eGFR with diuretic treatment.30–32 Larger randomised 
trials have compared thiazide diuretics versus non- 
diuretic agents in selected adults with hypertension with a 
low baseline prevalence of CKD. In the Antihypertensive 
and Lipid- Lowering Treatment to Prevent Heart Attack 
Trial (ALLHAT) involving 33 357 participants with hyper-
tension and cardiovascular risk factors, patient randomly 
assigned to chlorthalidone had lower eGFR at year 4 
than those assigned to amlodipine (p<0.001) or lisinopril 
(p=0.03), although there was no significant difference 
in incident ESRD.33 However, these previous studies all 
had important limitations. Observational studies have 
been primarily single centre, small and confounded by 
treatment bias. Existing randomised trials have either 
been very small pilots, often without non- diuretic arms, 
or larger hypertension treatment trials not focused on 
populations with CKD.

Our study materially expands on existing literature 
by examining a large, multicentre and diverse group 
of adults with CKD in a real- world, community- based 
setting. Follow- up occurred over multiple years starting at 
the initiation of the diuretic and allowed for the capture 
of rare events such as initiation of renal replacement 
therapy. Previous observational studies stratified cohorts 
by prevalent diuretic use at study entry which may have 
failed to capture early harm and introduced a treatment 
bias whereby patients being treated with diuretics were 
more likely to have severe and rapidly progressing renal 
disease. To address these shortcomings, we excluded 
patients who were on diuretics at the time of enrolment 
or in the preceding 4 years. We also employed serially 
updated MSM with IPW, allowing us to control for both 
baseline covariates (such as eGFR and blood pressure), 
changes in the status of covariates over time and time- 
dependent confounding (ie, confounders that change 
over time and may be influenced by treatment or affect 
the likelihood of staying on treatment).

Implications and future research
Our findings appear to offer reassurance to patients with 
CKD receiving diuretic therapy and diverge from prior 
studies suggesting an excess risk of CKD progression with 
diuretic use. Several possible explanations may account 
for conflicting findings in the literature. First, diuretic- 
induced haemoconcentration may increase serum creati-
nine concentration but not change in the long- term rate 
of eGFR decline. In this example, studies with an incom-
plete time horizon could erroneously interpret a drop in 
eGFR as evidence of long- term CKD progression. Second, 

failure to fully account for all relevant covariates and 
treatment selection bias could overestimate the associa-
tion between diuretic use and reductions in eGFR. Lastly, 
age and comorbidity profile could mask or alter the 
relationship between diuretics and CKD progression. In 
older populations with a high comorbidity burden patho-
logically linked to CKD, as was evident in our cohort, even 
a real association between diuretics and CKD progres-
sion could be overwhelmed by the effects of comorbid-
ities like diabetes and hypertension. For example, heart 
failure was fourfold more prevalent in patients prescribed 
loop diuretics than those who were not and could have 
theoretically served as an effect modifier. In patients with 
heart failure undergoing aggressive diuresis, elevations in 
serum creatinine concentration are not associated with 
biomarkers of tubular injury34 and have even been associ-
ated with improved survival if accompanied by evidence 
of decongestion.35 In cases of renal congestion caused 
by heart failure, diuretics may actually improve renal 
outcomes and could mask diuretic- induced renal injury 
in patients without heart failure.

Our findings highlight the need for adequately- sized 
randomised controlled trials with diuretic and non- 
diuretic arms to definitively evaluate the association 
between diuretic use and risk of CKD progression. Future 
trials must account for likely differences in blood pressure 
control and the presence of comorbid conditions, such 
as heart failure, that may alter the relationship between 
diuretic therapy and renal outcomes. If traditional 
diuretics in the loop and thiazide classes actually accel-
erate CKD progression, strategies to delay or avoid their 
use in patients with CKD will be paramount. Numerous 
non- diuretic anti- hypertensive agents are available and 
novel pharmacological agents with fluid removal mecha-
nisms, such as vasopressin receptor antagonists (ie, aqua-
pheresis) and sodium–glucose cotransporter 2 inhibitors 
(ie, glycosuria and osmosis), have shown promising safety 
and efficacy profiles in patients with CKD.36–40

Limitations
There are several limitations of our study. Patients 
were screened for enrolment based on a single labora-
tory creatinine corresponding to an eGFR of <60 mL/
min/1.72 m2, risking inclusion of patients with transient 
elevations in serum creatinine without true CKD. We 
limited selection of patients with acute kidney injury by 
screening only ambulatory non- emergency department 
laboratory values. The analysis was stratified by diuretic 
class and we are therefore unable to comment on the risk 
of concurrent thiazide and loop diuretic use or detect 
differences between specific drugs within a class. Despite 
efforts to control for a wide range of baseline and time- 
dependent confounders using causal inference methods, 
as an observational study of outcomes related to treat-
ments, we cannot rule out unmeasured confounding. 
Lastly, because our study was conducted among insured 
adults in California, our results may not be completely 



9Fitzpatrick JK, et al. BMJ Open 2022;12:e048755. doi:10.1136/bmjopen-2021-048755

Open access

generalisable to uninsured persons or persons in other 
geographical regions.

CONCLUSIONS
Diuretic use among patients with CKD is common, but 
their impact on CKD progression remains unclear. In this 
exploratory study, we found that incident exposure to loop 
or thiazide diuretics in a diverse population with CKD was 
not significantly associated with durable reductions in 
eGFR compared with non- diuretic users after accounting 
for baseline and time- dependent confounders. Carefully 
designed prospective randomised controlled trials are 
needed to further evaluate the impact of diuretic therapy 
and type on CKD progression.
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