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Supplementary Figure 1. Summarized risk of bias of included studies using ROBINS-I tool.
RCT, randomized controlled trial.
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Supplementary Figure 3. The graph 
from Influence plot of included stud-
ies in the meta-analysis.
CI, confidence interval.
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Supplementary Table 1. Search algorithms
Database No. Step search algorithm Items found

PubMed #1 Search acetaminophen 22958
#2 Search analgesics 560007
#3 Search kidney diseases 540991
#4 Search renal insufficiency 173623
#5 Search (acetaminophen) AND kidney diseases 689
#6 Search (acetaminophen) AND renal insufficiency 328
#7 Search (analgesics) AND kidney diseases 11980
#8 Search (analgesics) AND renal insufficiency 3796
#9 Search ((acetaminophen) OR analgesics) AND renal insufficiency 3829
#10 Search ((acetaminophen) OR analgesics) AND kidney diseases 12046
#11 Search (acetaminophen) OR analgesics 564176
#12 Search (kidney diseases) OR renal insufficiency 551032
#13 Search (((acetaminophen) OR analgesics)) AND ((kidney diseases) OR renal insufficiency) 12325

Cochrane Library #1 (acetaminophen) (Word variations have been searched) 5469
#2 (analgesics) (Word variations have been searched) 34417
#3 (renal insufficiency) (Word variations have been searched) 6524
#4 (kidney diseases) (Word variations have been searched) 21699
#5 #1 or #2 22898
#6 #3 or #4 12876
#7 #5 and #6 199

Embase #1 Acetaminophen 21499
#2 Analgesics 44813
#3 Kidney AND diseases 160452
#4 Renal AND insufficiency 38374
#5 #1 or #2 64313
#6 #3 or #4 193988
#7 #5 and #6 573



Supplementary Table 2. Excluded studies
Reference Reason for exclusion

Alkhuja et al (2001) Case report
Ammenti et al (1999) Case report
Asao et al (2008) Case report
Barnes and Prichard (1972) Case report
Barrett (1996) Systematic review
Bengtsson and Lindholm (1977) No full-text
Boutis and Shannon (2001) Comparison inappropriate
Boyer and Rouff (1971) Case report
Brown (1968) Editorial
Campo (2002) Editorial
Chen et al (2015) Comparison inappropriate
Choueiri et al (2014) Systematic review
Cooper et al (2017) Systematic review
Curhan et al (2002) Not interesting outcome
Curry et al (2015) Not interesting outcome
Denison et al (1991) No full-text
Drenth et al (1994) Case report
Edwards et al (1971) Comparison inappropriate
Eguia and Materson (1997) Case series
Evans et al (2009) Participant has renal failure
Fored et al (2001) [7] Participant has renal failure
Ganry et al (2001) No full-text
Hauser et al (1991) Not interesting outcome
Helldén et al (2019) Comparison inappropriate
Karami et al (2016) Systematic review
Koppert et al (2006) Not interesting outcome
Kuo et al (2010) Participant has renal failure
Kurth et al (2003) Not interesting outcome
Lipworth et al (2003) Not interesting outcome
Martín et al (2016) Case report
Master (1973) Editorial
Mour et al (2005) Not interesting outcome
Naess (1973) No full-text
Nderitu et al (2014) Not interesting outcome
O'Riordan et al (2011) Not interesting outcome
Patanwala et al (2018) Not interesting outcome
Perneger et al (1994) Participant has renal failure
Pommer et al (1989) [6] Participant has renal failure
Roberts et al (2016) [8] Systematic review
Sakallıoğlu (2014) Letter
Stollings et al (2016) Not interesting outcome
Thurlow (2002) Editorial
Tujios et al (2015) Comparison inappropriate
Urrunaga et al (2016) Not interesting outcome
von Mach et al (2005) Case series
Wise (2015) Letter
Yaxley (2016) Review
Zhang (2001) Systematic review
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Supplementary Table 6. Description of treatment interventions of included studies
Author, year Exposure details

Agodoa et al  
(2008) [24]

Analgesic consumption was ascertained during standardized interviews administered in the home. Participants were 
shown a card that listed specific prescription and nonprescription analgesics and asked “Have you ever taken any of 
these prescription or over-the-counter pain relievers nearly every day for as long as a month?” Respondents who replied 
“yes” were asked to identify each analgesic taken, how many years the product was taken nearly every day for a month 
during his or her lifetime, and if he or she currently takes the product daily or nearly every day. For purposes of this study, 
habitual analgesic (HA) use is defined if intake of at least 1 of the listed products nearly every day for as long as a month 
ever occurred; non-HA use identifies all other analgesic consumption, ranging from none at all to intakes less frequently 
than every day for a month. For comparison to non-HA users, consumption patterns in HA users were characterized by: 
1) number of products (1, 2, and ≥ 3) habitually used; 2) range of product exposure (HA intake of a specific product with 
and without another reported HA intake); 3) HA exposure duration (< 1, 1 to < 5, and ≥ 5 years); and 4) specific analgesic 
drug type habitually consumed (aspirin, acetaminophen, ibuprofen, and other listed non-steroidal anti-inflammatory drugs 
[NSAIDs]).

de Vries et al  
(2010) [25]

The total period of follow-up was divided into periods of ‘current’, ‘recent’ and ‘past’ exposure using the following 
definitions: current exposure, the period from date of the prescription to 3 months after the estimated end of the 
prescription; recent exposure, the period 3-6 months after the estimated end of the prescription; past exposure, the 
period ≥6 months after the estimated end of the prescription. Current users were classified into seven groups based 
on the exposure characteristics: (i) first prescription(Rx), patients who received their first ibuprofen or paracetamol 
prescription at least 12 months after the start of GPRD data collection and who had not previously been prescribed 
aspirin or other NSAIDs, (ii) long gap, patients with at least 6 months between a preceding prescription for ibuprofen, 
paracetamol, aspirin or other NSAID and the current prescription for ibuprofen, paracetamol or concomitant ibuprofen 
and paracetamol, (iii) repeat use with a low medication possession ratio (MPR), for patients who had been prescribed 
ibuprofen and/or paracetamol in the preceding 6months.The MPR is defined as the ratio of duration of the previous 
prescription, to the time between that prescription and the current prescription (equal to < 0.40),(iv)repeat use with a 
medium MPR, as above but with ratio equal to 0.40-0.59,(v) repeat use with a high MPR, as above but with ratio equal 
to 0.60-0.79, (vi) repeat use with a very high MPR, as above but with ratio equal to > 0.8 and (vii) repeat use with no 
information on the number of days prescribed, and consequently no information on compliance.

Kantachuvesiri et al  
(1996) [26]

The estimated lifetime cumulative dose was calculated using the average amount and frequency and duration in years of 
regular drug use. Analgesic abuse was defined when estimated lifetime cumulative dose of one or more analgesic drugs 
is more than 1 kg.

Kelkar et al  
(2012) [27]

Measured any APAP exposure, dosages, and durations of APAP use for acute (7 and 30 days pre-index) and chronic (365 
days pre-index) look-back periods dosages were calculated as follows:

  1.  Potential maximum daily dosage (PMDD) in the 7-day and 30-day pre-index periods: This was the highest potential 
APAP dosage in any 1 day calculated in the pre-index period using the days supply, strength, and quantity fields in the 
data. Overlapping prescriptions were identified using fill dates and days supply, and the daily dosages were summed to 
obtain the potential maximum dosage.

  2.  Potential average daily dosage (PADD) in the pre-index month: Dosage obtained by summing the APAP dosage 
contained in all prescriptions in the 30 days pre-index divided by the total days of APAP use.

  3.  Cumulative dosage in the pre-index year: The sum of APAP dosages from all APAP-containing prescriptions during the 
pre-index year.

Sandler et al  
(1989) [28]

Dose of analgesics were estimated on the basis of consumption of the drug taken most often within a given category; thus’ 
the dose estimates tended to be minimal. The patients were classified as daily, weekly, or occasional users or nonusers 
of analgesics. Daily users were defined as persons who had taken one drug for at least 360 consecutive days, and 
weekly users as those who had taken a drug at least once a week for one year. A patient’s cumulative consumption of 
aspirin, acetaminophen, and phenacetin in kilograms was approximated on the basis of each drug’s pattern of use and 
the formulation.



Supplementary Table 7. Description of outcomes in studies included in meta-analysis
Author, year Outcomes

Agodoa et al  
(2008) [24]

Albuminuria in random urine (albumin-creatinine ratio ≥ 30 mg/g) and reduced estimated glomerular filtration rate (eGFR  
< 60 mL/min/1.73 m2) using the Modification of Diet in Renal Disease Study equation and the composite of either.

de Vries et al  
(2010) [25]

Safety outcomes were assessed with OXMIS and Read codes, and included: mortality, upper GI events (gastroduodenal 
ulcers and complications such as upper GI haemorrhage), myocardial infarction (MI), stroke, acute renal failure, congestive 
heart failure, overdose (intentional or accidental) and suicidal behaviour. Suicidal behaviour included self-laceration, 
overdose (irrespective of the type of chemical) or suicidal thoughts. These medical terms are based on those used by 
Martinez and colleagues in another GPRD study.

Adjusted Relative Risks of acute renal failure during current exposure compared with past exposure (of same medication 
class) and stratified by exposure characteristics.

Kantachuvesiri  
et al (1996) [26]

Risk factors associated with chronic renal disease. The estimated lifetime cumulative dose was calculated using the average 
amount and frequency and duration in years of regular drug use. Analgesic abuse was defined when estimated lifetime 
cumulative dose of one or more analgesic drugs is more than 1 kg.

Kelkar et al  
(2012) [27]

This study was part of a larger project examining associations between acute and chronic APAP use and hepatic (liver 
disease) and nonhepatic (renal disease and asthma) outcomes. Renal disease means at least 1 incident primary diagnosis 
code of acute renal failure (ICD-9-CM codes 584.5-584.9); chronic kidney disease (585. xx); renal failure unspecified 
(586.xx); nephritis (580.0, 580.4, 580.81, 580.89, 580.9, 582.0-582.2, 582.4, 582.81, 582.89, 582.9, 583.0-583.2, 
583.4, 583.6, 583.7, 583.81, 583.89, 583.9); nephrotic syndrome (581.0, 581.1, 581.2, 581.3, 581.81, 581.89, 581.9); 
renal sclerosis unspecified (587.xx); renal osteodystrophy (588.0); other specified disorders result- ing from impaired renal 
function (588.8); unspecified disorder resulting from impaired renal function (588.9); nephrogenic diabetes insipidus 
(588.1); unilateral small kidney (589.0); bilateral small kidney (589.1); and small kidney unspecified (589.9)

Sandler et al  
(1989) [28]

The role of analgesic use in the risk of renal diseases. The patients’ renal disease ranged in severity from minor renal 
insufficiency to end-stage disease at diagnosis. Serum creatinine values on admission range from 130 μmol/L to more 
than 1,770 μmol/L (20 mg/dL).

eGFR, estimated glomerular filtration rate; GI, gastrointestinal; GPRD, General Practice Research Database.
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