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Abstract

Objective: Constipation is highly prevalent in advanced chronic kidney disease (CKD), due in 

part to dietary (e.g., fiber) restrictions, and is often managed by laxatives; however, the effect of 

laxative use on kidney function in advanced CKD remains unclear. We aimed to examine the 

association of laxative use with longitudinal change in estimated glomerular filtration rate (eGFR) 

in patients with advanced CKD.

Design and Methods: In a retrospective cohort of 43,622 US veterans transitioning to end-

stage renal disease (ESRD) from 2007–2015, we estimated changes in eGFR (slope) by linear 

mixed-effects models using ≥2 available outpatient eGFR measurements during the 2-year period 

before transition to ESRD. The association of laxative use with change in eGFR was examined by 

testing the interaction of time-varying laxative use with time for eGFR slope in the mixed-effects 

models with adjustment for fixed and time-varying confounders.

Results: Laxatives were prescribed in 49.8% of patients during the last 2-year pre-ESRD period. 

In the crude model, time-varying laxative use was modestly associated with more progressive 

eGFR decline compared with non-use of laxatives (median [IQI], −7.1 [−11.9, −4.3] vs. −6.8 

[−11.6, −4.0] mL/min/1.73 m2/year, P<0.001). After multivariable adjustment, a faster eGFR 

decline associated with laxative use (vs. non-use of laxatives) remained statistically significant, 

although the between-group difference in eGFR slope was minimal (median [IQI], −8.8 [−12.9, 

−5.9] vs. −8.6 [−12.6, −5.6] mL/min/1.73 m2/year, P<0.001). The significant association was no 

longer evident across different types of laxatives (i.e., stool softeners, stimulants, or 

hyperosmotics).

Conclusion: There was a clinically negligible association of laxative use with change in eGFR 

during the last 2-year pre-ESRD period, suggesting the renal safety profile of laxatives in 

advanced CKD patients.

Keywords

chronic kidney disease; constipation; diet; estimated glomerular filtration rate; gut microbiota; 
laxative

INTRODUCTION

Constipation is highly prevalent in patients with chronic kidney disease (CKD), especially in 

its advanced stages, due in part to their dietary restrictions (e.g., limited fiber and/or fluid 

intake), high prevalence of comorbidities (e.g., diabetes mellitus), concomitant medication 

use (e.g., phosphate binders and diuretics), and altered gut microbiota.1–6 Although 

constipation is usually perceived as a benign, self-limited condition, its chronic symptoms 

negatively affect patients’ quality of life and impose a considerable social and economic 

burden.7,8 Furthermore, recent epidemiological studies have revealed that constipation is 

independently associated with adverse renal outcomes, such as CKD progression and end-

stage renal disease (ESRD), potentially through processes mediated by altered gut 

microbiota and/or increased production of fecal metabolites.5,9
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Nonpharmacological treatments such as increased dietary fiber intake and physical activity 

are traditionally considered the first step of comprehensive constipation management.10 

However, due to the complexity of predisposing factors in patients with CKD (e.g., high 

prevalence of hyperkalemia and cardiovascular diseases), these nonpharmacological 

approaches may not always be practical and effective, and hence pharmacological 

interventions are often required for constipation management in this particular population.11 

Currently, a wide range of pharmacological agents are available, including commonly used 

laxative compounds (e.g., stool softeners, hyperosmotics, stimulants, bulk-formers, and 

lubricants) and relatively new laxatives with more physiological mechanisms of action (e.g., 

chloride channel activators, guanylate cyclase C receptor agonists, selective serotonin 5-HT4 

receptor agonists, and ileal bile acid transporter inhibitors).12,13 While these 

pharmacological agents have substantially contributed to the management of constipation in 

patients with CKD, the relatively easy access to these agents can facilitate their long term-

use, inappropriate dosing, and even abuse, which in turn could lead to serious health 

consequences.14–16 In particular, among patients with advanced stages of CKD who are 

highly vulnerable to physiological stress and adverse drug reactions,17 electrolyte and fluid 

disturbances and/or potential drug toxicity associated with laxative use could induce kidney 

injury, potentially contributing to progressive loss of kidney function. Meanwhile, given the 

greater risk of adverse kidney events associated with constipation and the fact that the gut 

plays increasing roles in acid-base and mineral homeostasis and disposal of nitrogenous 

waste products with declining kidney function,18 the use of laxatives may enhance these 

ancillary gastrointestinal roles and thereby exert potential renoprotective effects in patients 

with advanced CKD.

Despite these plausible mechanisms, to the best of our knowledge no previous studies have 

investigated the effect of laxative use on longitudinal change in kidney function among 

patients with advance stages of CKD. Our aim was to examine the association of laxative 

use with change in estimated glomerular filtration rate (eGFR) during the last 2-years before 

transition to ESRD using a large nationally representative cohort of US veterans with 

advanced non-dialysis dependent CKD (NDD-CKD) transitioning to dialysis.

METHODS

Study Population

We analyzed longitudinal data from a nationally representative retrospective cohort study of 

US veterans transitioning to ESRD.19–21 In the present study, a total of 102,477 US veterans 

who transitioned to ESRD from October 1, 2007 through March 31, 2015 were identified 

from the USRDS as a source population. Among these, 60,187 patients with at least one 

outpatient eGFR measurement recorded at any VA facility prior to dialysis initiation were 

identified. After excluding patients without ≥2 outpatient eGFR measurements during the 

last 2-year pre-ESRD period (i.e., baseline period) (n = 15,384), those who did not have any 

prescription information during the same 2-year baseline period (n = 414), and those with 

missing baseline covariates (n = 767), 43,622 patients were included in the final analytical 

cohort (Figure 1).
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Exposure variable

The primary exposure of interest was laxative use during the last 2-year pre-ESRD period. 

Given the time-varying nature of laxative use (due in part to symptom improvement and/or 

adverse events such as diarrhea) and its potential influence on the change in eGFR over time, 

laxative use was treated as a time-varying exposure in this study. Time-varying laxative use 

was defined based on the prescription status at the time of each outpatient eGFR 

measurement during the last 2-year pre-ESRD period (i.e., whether or not the day of eGFR 

measurement was covered by any prescribed laxative). Laxative agents were ascertained 

according to prescription information for the following six types of laxatives: stool softeners, 

hyperosmotics, stimulants, bulk formers, chloride channel activator, and lubricants 

(Supplementary Table 1).

Covariates

Patient demographic characteristics, including age, sex, and self-identified race, were 

ascertained from the following three national databases: the USRDS, Veterans Affairs (VA), 

and Centers for Medicare and Medicaid Services (CMS). Data on marital and smoking 

status were obtained from VA records only.22,23 Pre-existing comorbidities were identified 

from the VA Inpatient and Outpatient Medical SAS Datasets, using the International 
Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic and 

procedure codes and Current Procedural Terminology codes, as well as from VA/CMS data.
24 The Charlson Comorbidity Index (CCI) score was calculated using the Deyo modification 

for administrative datasets, without including kidney disease.25 Cardiovascular disease was 

defined as the presence of diagnostic codes for coronary artery disease, angina, myocardial 

infarction, or cerebrovascular disease.26 Prescribed medications were ascertained using both 

inpatient and outpatient prescriptions sourced from CMS Medicare Part D and VA pharmacy 

dispensation records,27 and patients with at least one prescription over the 2-year pre-ESRD 

baseline period were recorded as treated with the medication. Select medications were also 

treated as time-varying covariates similar to the use of laxatives (as described above). Data 

on body mass index (BMI), blood pressure, and laboratory tests were obtained from VA 

research databases as previously described,28,29 and their time-averaged values (defined as 

the average of each covariate during the 2-year pre-ESRD period) were used to characterize 

patients and to model fixed exposure. Time-varying systolic blood pressure (SBP) was 

defined using SBP values on the same day as outpatient eGFR measurements. Time-varying 

laboratory variables (i.e., hemoglobin, serum albumin, serum phosphorus, serum 

bicarbonate, and urine albumin-creatinine ratio) were defined using respective laboratory 

values measured within +/−7 days of the eGFR measurements. The eGFR was calculated 

with the CKD Epidemiology Collaboration (CKD-EPI) creatinine equation using outpatient 

serum creatinine and demographic data.30

Outcome Assessment

The primary outcome of interest was the yearly rate of change in eGFR (slope) over the last 

2-year pre-ESRD period. The eGFR slope was assessed by linear mixed-effects models 

using all available outpatient eGFR measurements during the 2-year pre-ESRD period.
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Statistical Analysis

Baseline patient characteristics were summarized for the entire analytical population (n = 

43,622) and presented as number (percentages) for categorical variables and mean (standard 

deviation [SD]) for continuous variables with a normal distribution or median (interquartile 

interval [IQI]) for those with a skewed distribution. In order to examine the association of 

time-varying laxative use with change in eGFR, we accounted for time-varying laxative use 

in the adjusted linear mixed-effects models for eGFR slope estimates (i.e., crude model). 

Changes in eGFR were calculated separately by laxative use status (i.e., with or without 

laxative use), and the difference in eGFR slope by laxative use status was evaluated by 

testing the interaction of time-varying laxative use with time for change in eGFR in the 

linear mixed-effects models. Subsequently, to assess the impact of potential confounders, we 

additionally performed multivariable-adjusted mixed-effects models by further accounting 

for fixed and time-varying characteristics along with their interactions with time based on 

theoretical considerations and their availability in this study. The fixed (time-independent) 

confounders included age, sex, race, smoking status, BMI averaged over the 2-year pre-

ESRD period, comorbidities (diabetes, congestive heart failure, cardiovascular disease, 

cerebrovascular disease, mild liver disease, moderate/severe liver disease, and constipation), 

and cumulative length of hospital stay during the 2-year pre-ESRD period; while, the time-

varying confounders included the use of renin-angiotensin system inhibitor (RASi), sodium 

polystyrene sulfonate, bicarbonate, loop diuretics, thiazide diuretics, potassium-sparing 

diuretics, calcium channel blockers, phosphate binders, non-opioid analgesics, and opioid 

analgesics. Given the possibility that the effects of diuretics on eGFR slope may vary 

depending on the other diuretic agents they are being combined with, the potential 

interaction between loop, thiazide, and potassium-sparing diuretics were also accounted for 

in the multivariable-adjusted model. Each covariate included in the multivariable adjustment 

was grand-mean centered as appropriate.

We performed several sensitivity analyses to evaluate the robustness of our main findings. To 

assess the effect of laxative use on eGFR slopes across different types of laxatives, we 

identified three major types of laxatives (i.e., stool softeners, hyperosmotics, and stimulants, 

irrespective of concomitant use of other laxatives) and categorized the status of time-varying 

laxative use into three groups as the use of laxative of interest, other laxative use, and non-

use of laxatives. The association of each laxative use status with change in eGFR was then 

examined in the crude and multivariable-adjusted mixed-effects models. Due to the 

relatively high proportion of missing information for time-varying SBP and laboratory 

variables (i.e., hemoglobin, serum albumin, serum phosphorus, serum bicarbonate, and urine 

albumin-creatinine ratio) during the 2-year pre-ESRD period, these variables were 

additionally included in the main model as a sensitivity analysis. Given the fact that sodium 

biphosphate and magnesium-containing laxatives should generally be avoided in advanced 

CKD due to their potential adverse effects, we repeated our main analyses after excluding 

3,133 patients who had had at least one prescription of such laxatives (i.e., sodium 

biphosphate, magnesium citrate, or magnesium sulphate) from the final analytical cohort. 

Since the use of some types of laxative formulations (e.g., oral liquid and liquid enema) may 

not be captured at the time of eGFR measurement due to the nature of their prescriptions and 

may thus be underestimated, our main analysis was repeated by treating laxative use as a 

Sumida et al. Page 5

J Ren Nutr. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



fixed exposure. Fixed laxative use was defined as having at least two prescriptions of any 

types of laxatives that were >30 days apart during the 2-year pre-ESRD period. Similarly, 

three major types of laxatives (i.e., stool softeners, hyperosmotics, and stimulants) were 

treated as fixed exposures and their association with eGFR slopes were evaluated.

A two-sided P value of <0.05 was used as a threshold of statistical significance for all 

analyses. All analyses were conducted in SAS Enterprise guide v7.1 (SAS Institute; Cary, 

NC) and STATA/MP Version 15 (STATA Corporation, College Station, TX). The study was 

approved by the Institutional Review Boards of the VA Medical centers, with exemption 

from informed consent.

RESULTS

Patient characteristics

Baseline patient characteristics in the entire analytical cohort are summarized in Table 1. 

Among 43,622 patients, the mean (SD) age was 69.5 (11.1) years; 98.0% of patients were 

male; 28.6% were African American; and 76.1% were diabetic. Loop diuretics (76.4%), 

calcium channel blockers (74.6%), RASi (69.4%), and opioid analgesics (56.8%) were the 

most commonly prescribed medications. There were a median (IQI) of 8 (4, 15) outpatient 

eGFR measurements per patient over the 2-year pre-ESRD baseline period, and the mean 

time-averaged outpatient eGFR was 26.1 mL/min/1.73m2. Laxatives were prescribed in 

49.8% of patients, while, 22.5% had a diagnosis of constipation.

Laxative use and eGFR slope

Table 2 shows changes in eGFR associated with time-varying laxative use over the last 2-

year pre-ESRD period. In the crude model, the use of laxatives was modestly but 

significantly associated with more progressive eGFR decline compared with non-use of 

laxatives (median [IQI], −7.1 [−11.9, −4.3] vs. −6.8 [−11.6, −4.0] mL/min/1.73 m2/year for 

laxative use and non-use, respectively, P<0.001). After adjustment for various potential 

confounders, a faster eGFR decline associated with laxative use (vs. non-use of laxatives) 

remained statistically significant, although the difference in eGFR slope between the two 

groups was remarkably small (median [IQI], −8.8 [−12.9, −5.9] vs. −8.6 [−12.6, −5.6] 

mL/min/1.73 m2/year for laxative use and non-use, respectively, P<0.001).

When the effect of laxative use on eGFR slope was assessed separately for three specific 

types of laxatives (i.e., stool softeners, stimulants, or hyperosmotics), a significant difference 

in eGFR slope was observed only for stool softeners in the crude model, with the decline in 

eGFR for stool softener use being slightly faster than that for non-use of laxatives (median 

[IQI], −7.0 [−11.8, −4.2] vs. −6.9 [−11.6, −4.0] mL/min/1.73 m2/year for stool softener use 

and non-use, respectively; Table 3). After multivariable adjustment, no significant between-

group differences (laxative of interest vs. non-use of laxatives) were observed in eGFR 

slopes across different types of laxatives (Table 3).

Changes in eGFR associated with laxative use status were essentially similar even after 

further accounting for time-varying SBP and laboratory variables in the multivariable-

adjusted model and after excluding those with at least one prescription of sodium 
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biphosphate, magnesium citrate, or magnesium sulphate, showing no statistical significance 

in most (Supplementary Tables 2 and 3). With a few notable exceptions, when laxative use 

was treated as a fixed exposure, the faster decline in eGFR associated with laxative use (vs. 

non-use) was more evident, with hyperosmotics use (vs. other laxative use) being 

significantly associated with faster decline in eGFR; while stool softeners use (vs. other 

laxative use) being significantly associated with slower eGFR decline, even after 

multivariable adjustment (Supplementary Tables 4 and 5).

DISCUSSION

In this large national cohort of US veterans transitioning to dialysis, we examined the 

association of laxative use with change in eGFR during the last 2-year pre-ESRD period, 

and found that laxative use was only modestly associated with faster eGFR decline 

compared with non-use of laxatives, after accounting for various potential confounders. 

While some of the associations between laxative use and eGFR slope described in our study 

were statistically significant, their magnitude was negligibly small and hence the biological 

significance of these findings is questionable.

In general, the majority of drugs used for constipation treatment are considered safe when 

used in the absence of contraindications, without abuse, and under medical supervision in 

cases where prolonged use is required.31 According to the results from ten clinical trials that 

evaluated the safety profiles of commonly prescribed laxatives including stool softeners, 

stimulants, and hyperosmotics,32–41 the overall incidence of drug-related adverse events was 

highest (up to 72%) for bisacodyl (one of the stimulant laxatives),35 and the most frequently 

reported adverse events were mild gastrointestinal-related symptoms, such as diarrhea, 

abdominal pain, flatulence, and nausea. Of note, except for one trial that reported an increase 

in serum creatinine in 3 out of 49 (6.1%) patients who were treated with lactulose (one of 

the hyperosmotic laxatives),36 no adverse kidney events were reported in any of these trials, 

suggesting the renal safety of commonly used laxatives. These trials, however, have 

investigated the safety of laxatives with relatively short follow-up periods (e.g., 4 weeks) in 

relatively small cohorts, and hence the long-term safety of these agents in the general 

population remains unknown. More importantly, most of the previous trials have 

traditionally excluded patients with abnormal kidney function, as well as those with 

dehydration, abnormal electrolytes, and secondary constipation caused by underlying 

diseases and medications,33–35 all of which are typical features of patients with advanced 

CKD.

Outside the settings of clinical trials, adverse kidney events related to the use of laxatives 

have been reported mainly in case reports and series, most of which are introducing cases 

with acute phosphate nephropathy associated with the use of sodium phosphate-containing 

laxatives42,43 and those with hypokalemic nephropathy associated with laxative abuse.44–46 

In addition to these relatively rare adverse kidney events, it is intuitively plausible that 

laxatives can cause ischemic kidney injury due to diarrhea and resultant dehydration, 

potentially contributing to progressive loss of kidney function, particularly in patients with 

advanced CKD who are vulnerable to fluid imbalance. Nevertheless, the effect of laxatives 

on longitudinal changes in kidney function has been scarcely documented. In the present 
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study, we therefore estimated eGFR slopes using a sophisticated modeling technique in a 

large and unique cohort of patients with advanced NDD-CKD transitioning to dialysis, and 

for the first time demonstrated the association of laxative use with change in eGFR during 

the 2-year period before transitioning to ESRD.

On the whole, our results showing clinically negligible differences (irrespective of statistical 

significance) in eGFR slope by laxative use status imply that the use of laxatives did not 

have any influence on kidney function in this group of patients with advanced CKD, which 

is reassuring given the above mentioned theoretical concerns about the safety of these 

agents. On the other hand, given the recent evidence on the risk of progressive eGFR decline 

associated with constipation,5 it is possible that the lack of difference in eGFR slopes 

between laxative users and non-users was a reflection of a favorable treatment effect of 

laxatives on kidney function among laxative users through the improvement of underlying 

constipation. Additionally, albeit still speculative, the potential renoprotective benefit 

associated with laxative use might be partly through the improvement of altered gut 

microbiota related to constipation and/or the enhancement of the roles of the gut in 

disposing toxic fecal metabolites and maintaining mineral homeostasis, which in turn could 

be a novel pharmacological property of laxatives relevant to patients with advanced CKD. In 

this context, our findings from different types of laxatives may be of particular value, with a 

few clinical and research implications. When laxative use was treated as a fixed exposure, 

we observed that the use of hyperosmotics and stool softeners (vs. other laxative use) was 

significantly associated with faster and slower eGFR declines, respectively, even after 

multivariable adjustment. Although we cannot eliminate the possibility of residual and 

unmeasured confounders (e.g., diet and lifestyle) that might have affected these associations, 

the finding may suggest the need for careful monitoring of kidney function when treating 

constipation with hyperosmotics in advanced CKD patients, and also suggests a potentially 

less nephrotoxic effect of stool softeners, which act by enhancing interaction of water and 

lipids with stool and appear to have less adverse effects.47 Since a few types of laxatives, 

such as a chloride channel activator (lubiprostone) and a guanylate cyclase C receptor 

agonist (linaclotide), have been shown to have unique renoprotective properties in animal 

studies,48,49 the effect of these relatively new agents on kidney function in advanced CKD 

may deserve future investigation.

Despite the advantages of this study including its large sample size of patients with 

advanced CKD, our results must be interpreted in light of some limitations. Our patients 

were US veterans who were mostly male, and hence the results may not apply to women or 

non-US veterans. All patients in this cohort survived to the point of initiating dialysis 

therapy and thus were conditioned on CKD progression. Results may therefore not apply to 

patients with CKD who do not have progressive loss of kidney function. Due to the 

relatively high proportion of missing information, time-varying SBP and laboratory 

variables were not fully accounted for in the main analytical cohort. Information about 

laxatives prescribed by non-VA/CMS providers and/or obtained over-the-counter was not 

available; therefore, it is possible that patients using laxatives only from these non-VA/CMS 

sources were misclassified as non-use of laxatives. In addition, although laxatives were 

treated as a time-varying exposure, the continuity of laxative exposure during the 2-year pre-

ESRD period could not be accounted for. It may also be important to note that the use of 
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laxatives did not necessarily reflect constipation status, especially given the lack of 

information about subjective symptoms of constipation and the fact that only a minority of 

patients with constipation seeks medical care.50 In fact, the prevalence of laxative use was 

substantially higher in our cohort than the prevalence of constipation diagnosis, suggesting 

that the sensitivity of the ICD code-based constipation diagnosis is limited.

In conclusions, in this large nationwide cohort of 43,622 patients who transitioned to 

dialysis, we found a clinically negligible association of time-varying laxative use with 

change in eGFR during the last 2-year pre-ESRD period. Further studies are warranted to 

clarify whether active interventions with laxatives can provide any therapeutic benefits 

beyond their conventional indication in patients with advanced CKD.

PRACTICAL APPLICATION

The results of the present study suggest the renal safety profile of laxatives in patients with 

advanced CKD, whose constipation management relying largely on pharmacological 

interventions due to their severe dietary restrictions. Furthermore, given the recent evidence 

on the greater risk of adverse kidney outcomes associated with constipation, our results may 

also support active interventions with laxatives to treat constipation in advanced CKD 

patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Algorithm used to define the analytical cohort

*Except for laboratory data (i.e., hemoglobin, serum albumin, serum phosphorus, serum 

bicarbonate, and urine albumin-creatinine ratio).

Abbreviations: eGFR = estimated glomerular filtration rate; ESRD = end-stage renal disease
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Table 1.

Baseline patient characteristics

Characteristic N = 43,622

Age, mean (SD), year 69.5 (11.1)

Male sex, n (%) 42,760 (98.0)

Race, n (%)

 White 29,840 (68.4)

 African American 12,491 (28.6)

 Others 1,291 (3.0)

Smoking status, n (%)

 Current 15,656 (35.9)

 Past 14,540 (33.3)

 Never 13,426 (30.8)

Body mass index*, mean (SD), kg/m2 29.3 (6.3)

Systolic blood pressure*, mean (SD), mmHg 142.9 (15.5)

Comorbidities, n (%)

 Diabetes 33,173 (76.1)

 Cardiovascular disease 32,954 (75.5)

 Congestive heart failure 27,331 (62.6)

 Cerebrovascular disease 18,777 (43.0)

 Chronic pulmonary disease 23,771 (54.5)

 Connective tissue disease 3,029 (6.9)

 Mild liver disease 6,894 (15.8)

 Moderate/severe liver disease 1,612 (3.7)

 Malignancies 13,354 (30.6)

 Depression 15,382 (35.3)

 Constipation 9,800 (22.5)

Charlson comorbidity index, median (IQI) 5 (3, 7)

Cumulative length of hospitalization, median (IQI), days 6 (0, 19)

Medications, n (%)

 RASi 30,279 (69.4)

 Calcium channel blockers 32,545 (74.6)

 Loop diuretics 33,308 (76.4)

 Thiazide diuretics 15,245 (34.9)

 Potassium-sparing diuretics 5,806 (13.3)

 Phosphate binders 15,042 (34.5)

 Sodium polystyrene sulphonate 9,786 (22.4)

 Non-opioid analgesics 14,557 (33.4)

 Opioid analgesics 24,793 (56.8)

 Laxatives 21,739 (49.8)

Time-averaged eGFR*, mean (SD), mL/min/1.73m2 26.1 (17.3)
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Characteristic N = 43,622

First eGFR
†
, mean (SD), mL/min/1.73m2 32.8 (20.1)

Number of eGFR measurements, median (IQI) 8 (4, 15)

Hemoglobin*, mean (SD), g/dL 11.2 (1.6)

Serum albumin*, mean (SD), g/dL 3.5 (0.5)

Serum phosphorus*, mean (SD), mg/dL 4.7 (1.0)

Serum bicarbonate*, mean (SD), mEq/L 23.9 (3.5)

Urine albumin-creatinine ratio*, median (IQI), mg/g 346.5 (27.5, 1,655.8)

Note: Baseline was defined based on the last 2-year pre-ESRD period.

*
Values are time-averaged over the 2-year pre-ESRD period.

†
The first eGFR measured during the 2-year pre-ESRD period.

Abbreviations: eGFR = estimated glomerular filtration rate; IQI = interquartile interval; RASi = renin-angiotensin system inhibitor; SD = standard 
deviation
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