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Abstract
The misattribution of an adverse drug reaction (ADR) as a symptom or illness can 
lead to the prescribing of additional medication, referred to as a prescribing cascade. 
The aim of this systematic review is to identify published prescribing cascades in 
community-dwelling adults. A systematic review was reported in line with the PRISMA 
guidelines and pre-registered with PROSPERO. Electronic databases (Medline [Ovid], 
EMBASE, PsycINFO, CINAHL, Cochrane Library) and grey literature sources were 
searched. Inclusion criteria: community-dwelling adults; risk-prescription medication; 
outcomes-initiation of new medicine to “treat” or reduce ADR risk; study type-cohort, 
cross-sectional, case-control, and case-series studies. Title/abstract screening, full-
text screening, data extraction, and methodological quality assessment were con-
ducted independently in duplicate. A narrative synthesis was conducted. A total of 
101 studies (reported in 103 publications) were included. Study sample sizes ranged 
from 126 to 11 593 989 participants and 15 studies examined older adults specifically 
(≥60 years). Seventy-eight of 101 studies reported a potential prescribing cascade 
including calcium channel blockers to loop diuretic (n = 5), amiodarone to levothy-
roxine (n  =  5), inhaled corticosteroid to topical antifungal (n  =  4), antipsychotic to 
anti-Parkinson drug (n = 4), and acetylcholinesterase inhibitor to urinary incontinence 
drugs (n = 4). Identified prescribing cascades occurred within three months to one 
year following initial medication. Methodological quality varied across included stud-
ies. Prescribing cascades occur for a broad range of medications. ADRs should be 
included in the differential diagnosis for patients presenting with new symptoms, 
particularly older adults and those who started a new medication in the preceding 
12 months.
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1  |  BACKGROUND

A prescribing cascade occurs when a medication is used to treat or 
prevent the adverse effects of another medication.1–3 An uninten-
tional prescribing cascade occurs when the adverse drug reaction 
(ADR) is misinterpreted as a new medical condition, leading to the 
prescription of new medication to treat the emerging symptoms.4 
For example, calcium channel blocker (CCB) induced lower extrem-
ity oedema may be misinterpreted as a sign of congestive heart 
failure and result in the inappropriate prescribing of a loop diuretic 
to alleviate the oedema instead of simply switching the CCB to an 
alternative class antihypertensive agent.5–7 Intentional prescribing 
cascades occur when the ADR is recognised and a subsequent med-
ication is prescribed to combat this ADR either via treatment of the 
ADR or prevention of it in the first instance.4 Prescribing cascades 
can be further characterised as either appropriate (potential bene-
fits>risks), or inappropriate (risks>potential benefits).4 Furthermore, 
this characterisation of appropriateness is a dynamic entity; an ap-
propriate prescribing cascade can become inappropriate over time, 
particularly should the clinical circumstances of the patient change.4

It is not clear what drives prescribing cascades. Older adults may 
be more vulnerable due to the nonspecific nature of ADR symptoms 
in older adults, e.g. falls, fatigue or constipation, all of which have 
multiple potential causes.8 Multimorbidity, which is more common 
in older adults, may also make the identification of new onset ADRs 
more challenging.9,10 However, the failure to correctly identify an 
ADR and the resultant prescribing cascade compounds the risk for 
medication-related harm.

To date prescribing cascades have remained under-researched. 
A previous scoping review identified only 10 original investigations 
and seven case reports that examined prescribing cascades.11 In 
order to optimise prescribing, it is vital that clinically relevant pre-
scribing cascades that commonly occur in practice are identified. 
The objective of this systematic review was to identify published 
prescribing cascades in community-dwelling adults.

2  |  MATERIAL S AND METHODS

2.1  |  Search protocol

The study protocol was previously published12 and pre-registered 
with PROSPERO [CRD42021243163].13 This study was reported 
according to the Preferred Reporting Items for Systematic Reviews 
and Meta-analysis (PRISMA) guidelines.14,15 (eTable 1 and eTable 2 
in Appendix S1).

2.2  |  Search strategy

Searches were conducted in the following databases: Medline (Ovid), 
EMBASE, PsycInfo, CINAHL and the Cochrane Library. Searches 

were initially conducted from inception to March 2021 and updated 
in February 2022. The search strategy (eBox 1 in Appendix S1) was 
developed in consultation with an experienced librarian. No restric-
tions were placed on language or publication year. Grey literature 
database searches were conducted in MedNar, Dart Europe, Open 
Grey, and the Turning Research Into Practice (TRIP) databases using 
keyword searches. Forwards and backwards citation searching of 
articles selected for full text review was also conducted. Retrieved 
results were exported to EndNote X9 prior to screening and study 
selection using Covidence® systematic review management sys-
tem. Following duplicates removal, titles and abstracts were in-
dependently screened by two reviewers (AD and EW, OC or FS) 
according to inclusion criteria. Disagreements were managed by 
consensus. Additional information was sought from study authors 
where necessary.

Studies were included if they met the following criteria:

1.	 Population: community-dwelling adults (≥18 years).
2.	 Risk: prescription of medication that had the potential to cause an 
ADR that resulted in the prescription of further medication.

3.	 Outcome: prescribing cascade defined as the initiation of a new 
medication to ‘treat’ an ADR (unintentional cascade) or to reduce 
the risk of an ADR (intentional cascade).

4.	 Study type: prospective or retrospective cohort, cross-sectional, 
case-crossover, case–control or case-series studies.

5.	 Setting: primary care and community settings, including ambula-
tory care.

2.2.1  |  Exclusion criteria

The following studies were excluded;

1.	 Population of interest <18 years;
2.	 Studies conducted solely in nursing homes, residential care, inpa-

tient settings or Emergency Departments (ED);
3.	 Case reports

2.3  |  Data extraction and quality assessment

Data extraction was conducted by two independent reviewers (AD 
and EW, OC or FS) using a standardised Microsoft Excel proforma. 
(see eBox 2, Appendix S1). The methodological quality of included 
publications was independently performed in duplicate (AD and 
EW, OC or FS) using the appropriate JBI- Critical Appraisal check-
list (eBox 3, Appendix S1). Data synthesis was conducted using a 
narrative synthesis. Alluvial plots of drug pair combinations were 
created, using R-Studio 2021.09.2 statistical software using the 
ggalluvial package, to identify the drug-pair combinations ex-
amined and to summarise the overall quantitative association 
reported.
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3  |  RESULTS

3.1  |  Study identification

The study identification flow diagram is presented in Figure  1. A 
total of 103 publications relating to 101 studies met the inclusion 
criteria. Three publications included data from the same study re-
lating to updated data collection time periods (2000–2006; 2000–
2010; and 2000–2012).16–18 Thus, only the final study publication,18 
which contained the entire data collection period, was included in 
the narrative synthesis.

3.2  |  Study population demographics

Seventy-nine studies presented study participants demograph-
ics, of which 15 specifically examined older adults (≥60 years), with 
different age-related thresholds (e.g. ≥60; ≥65; ≥66 years) used 
across studies.5,19–32 Thirteen studies reported analyses strati-
fied by age.7,33–44 Total study sample sizes ranged from 12645 to 
11 593 98946 participants. (See eTable 3, Appendix S1).

3.3  |  Methodological approach to analysis

Most studies (n  =  88) were retrospective cohort stud-
ies ,5,7,18,21,23–27,29–34,36–44,47–113 three of which incorporated a 
case–control study within the study design49,85,110 and one that 
conducted a preliminary cross-sectional study.112 Five were case–
control studies,19,20 five cross-sectional studies,6,46,114–116 and three 

case-crossover studies.45,117,118 All studies used routine data (health 
insurance claims, prescription dispensing, clinical databases, na-
tional health surveys and pharmacovigilance data). In total, 83 stud-
ies examined dispensed prescriptions whereas 18 studies examined 
prescribed medications (see eTable 3, Appendix S1).

Of 101 studies, 62 used prescription sequence symmetry anal-
ysis (PSSA) to determine the ratio of participants who initiated two 
medications in both possible sequences (i.e. Drug A → Drug B vs. 
Drug B → Drug A), with the majority (n = 52) adjusting for prescrib-
ing trends.

Several studies reported stratified results by dosage,5,7,28,29,39 
concomitant medication use or polypharmacy,7,40,44,85,104 dura-
tion,32,94 comorbidity,36,38,40,44 race34 and nursing home residence.26 
For other studies, analyses were adjusted by age,20,22,24,30,52,71,89 
sex,20,22,24,30,52,71,73,82 race,22,24 dose,52,71 nursing home residence,22 
concomitant medication or polypharmacy,22,52,71 comorbidity,24 
with some studies conducting adjusted analyses but not reporting 
the independent association of these covariates.23,27,31,88,117,118

Length of follow up ranged from one month55,91,107,118 to seven 
years,113 with the majority over one year (n = 33 studies).

3.4  |  Initial medication(s) prescribed to patient

A broad range of medication types were examined as potentially 
precipitating a prescribing cascade (see Table  1 and column 1, 
Figure  2A). Ninety-four studies were hypothesis-driven or ex-
amined a predefined list of medications (Table  2 and Figure  2A). 
Seven studies conducting exploratory analyses to identify new 
signals of potential prescribing cascades are not represented in Fi

F I G U R E  1 PRISMA flow diagram of included studies.
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gure 2.68,75,78,87,101,102,106 Initial medication Anatomical Therapeutic 
Classification (ATC) codes were not reported for 66 studies and 
were assigned by our research team.

3.5  |  Suspected adverse reaction(s)

Throughout the included studies, suspected ADRs were presumed 
to have occurred based on the initiation of the second medication 

as a treatment. In one study examining the CCB → loop diuretic 
prescribing cascade, an additional medical chart review was also 
conducted.105

The suspected ADRs, symptoms or new diagnoses ex-
plored were broad-ranging (see Table  2) most commonly 
depression (n  =  13)33,37,40,45,52,55,57,72,93,97,98,110,112; periph-
eral oedema (n  =  11)5–7,28,30,36,64,96,103–105,116; urinary in-
continence (n  =  9) .24,26,30,41,44,50,53,74,117 and parkinsonism  
(n = 9).27,29–31,46,57,63,82,119

F I G U R E  2 Prescribing cascades examined in non-exploratory studies (n = 94) stratified by ATC classification. These alluvial plots 
represent initial (column 1) and subsequent (column 2) medication pairs examined and the primary quantitative association identified 
(column 3). The height of the strata in columns 1 and 2 is proportional to the number of instances that the relevant medication has been 
examined across included studies. The height of the strata in column 3 is proportional to the number of identified quantitative associations 
that belong to each association type. The width of the linkage between column 1 and column 2 is proportional to the number of instances 
that the unique medication pair has been examined across included studies. The width of the linkage between column 2 and column 3 is 
proportional to the number of tested medication pairs that result in a prescribing cascade (positive association), do not result in a prescribing 
cascade (none), indicate a lower likelihood of a prescribing cascade (negative association), or where no association could be examined due to 
study reporting (N/A: non-applicable); (A) ATC1 level; (B) Cardiovascular medications (ATC3 level); (C) Nervous system medications (ATC3 
level).
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TA B L E  2 Summary of findings for the most commonly identified prescribing cascades

Initial medication Suspected ADR Second medication Main findings

DH-CCB Oedema Loop diuretic <1 year: aSR 1.46 (95% CI 1.45–1.48); n = 13937587

<360 days: aSR 1.87 (95%CI 1.84–1.90); 558187

<360 days: aSR 2.27 (95% CI 1.44–3.58); n = 90105

<360 days: aSR 1.72 (95%CI 1.66–1.78) relative to levothyroxine negative 
control; aSR 1.45 (1.41–1.49) relative to ACEI/ARB negative control35

Rate of being dispensed a loop diuretic versus general comparator group5

1–30 days: aHR 2.51 (95%CI 2.13–2.96)
31–60 days: aHR 2.99 (95%CI 2.43–3.69)
61–90 days: aHR 3.89 (95%CI 3.11–4.87)
91–180 days: aHR 3.20 (95%CI 2.72–3.76)
181–365 days: aHR 2.22 (95%CI 1.90–2.60)

Amiodarone Hypothyroidism Thyroxine <1 year: aSR 3.77 (95% 3.43–4.14); n = 266787

<360 days: aSR 3.57 (95%CI 3.17–4.02)54

<1 year: aSR 2.14 (99%CI 1.92–2.39); n = 261379

<1 year Australia: aSR 5.30 (95%CI 4.69–5.96); n = 197961

< 1 year Hong Kong: aSR 2.33 (95%CI 1.99–2.72); n = 754
< 1 year Japan: aSR 1.77 (95%CI 0.61–5.08); n = 6
< 1 year Korea: aSR 1.52 (95%CI 1.29–1.80); n = 657
< 1 year Taiwan: aSR 3.26 (95%CI 2.26–4.70); n = 153
<1 year: Pooled aSR 2.63 (95%CI 1.47–4.72)
<6 months: aSR 13.6 (95%CI 7.73–25.96)85

<12 months: aSR 12.8 (95%CI 8.44–20.28)
<18 months: aSR 11.4 (95%CI 7.98–16.80)
<24 months: aSR 11.7 (95%CI 8.32–16.94)
<30 months: aSR 10.8 (95%CI 7.86–15.29)
<36 months: aSR 10.8 (95%CI 7.89–15.00)

Inhaled 
corticosteroids

Oral candidiasis Topical antifungals <90 days OR 1.66; n = 2156

<1 year: SR 2.89 (95%CI 2.80–2.97)39

<1 year: SR SR 1.94 (95%CI 1.71–2.21)71

<360 days: aSR 2.34 (95% CI 2.19–2.50)54

Neuroleptics/
Antipsychotic

Parkinsonian 
symptoms/ 
extrapyramidal 
symptoms

Anti-parkinson 
medication 
or Parkinson 
diagnosis

<90 days: aOR 5.4 (95%CI 4.8–6.1)19

<1 year (1 antipsychotic): aSR 9.24 (7.35–11.8); n = 817100

<1 year (2 antipsychotics): aSR 22.2 (9.94–61.7); n = 137
<1 year (≥3 antipsychotics): aSR 34.8 (5.87–1413.8); n = 37
Never use: aOR 1.0 (referent); n = 10714119

Very-late use (≥181 days): aOR 1.1 (95%CI 0.6–1.8); n = 61
Late use (31–180 days): aOR 2.0 (95%CI 1.2–3.3); n = 94
Early use (8–30 days): aOR 6.0 (95%CI 2.3–15.9); n = 43
Current use (≤7 days): aOR 3.0 (95%CI 1.7–5.4); n = 80
Typical: aOR 6.4 (95%CI 1.4–28.2); n = 17
Haloperidol: aOR 4.3 (95%CI 0.9–20.1); n = 12
Atypical: aOR 2.4 (95%CI 1.2–4.9); n = 56
Quetiapine: aOR 0.9 (95%CI 0.4–2.2); n = 26
Risperidone: aOR 13.5 (95%CI 1.8–102.1); n = 23
Combined use: aOR 3.2 (95%CI 0.6–17.9); n = 7
Typical antipsychotics: aHR 1.30 (95%CI 1.04–1.58) versus atypical 

antipsychotic use29

No therapy: aHR 0.40 (95%CI 0.29–0.43)

Acetylcholinesterase 
inhibitors

Urinary 
incontinence

Drugs for urinary 
frequency and 
incontinence

During follow-up (1st June 1999–31st March 2003): older adults 
dispensed acetylcholinesterase inhibitors had a higher risk of 
subsequently receiving an anticholinergic medication to treat urge 
urinary incontinence (aHR, 1.55,95% CI, 1.39–1.72)26

Donepezil → Medication for managing Lower Urinary Tract Symptoms (LUTS)53

<3 months: 1.32 (95%CI 1.00–3.50); n = 243
<12 months: aSR: 1.98 (95%CI 1.57–2.50); n = 319
<6 months: aHR 1.47 (95%CI 1.17–1.86) versus memantine users44

<12 months: aHR 1.41 (95%CI 1.17–1.69) versus memantine users
Donepezil: aHR 1.55 (95%CI 1.31–1.83) versus rivastigmine use24

Galantamine: aHR 1.17 (95%CI 0.87–1.58) versus rivastigmine use

(Continues)
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Initial medication Suspected ADR Second medication Main findings

Metoclopramide Parkinsonian 
symptoms

Levodopa <90 days aOR 3.04 (95%CI 2.22–4.17)20

<90 days aOR 2.94 (95%CI 2.35–3.67)31

Anti-Parkinson medication or diagnosis <1 year: aOR 2.7 (95%CI 1.8–
4.1); n = 121119

ACE inhibitors Cough Antitussive <1 year OR = 1.58 (95%CI 1.21–2.07)73

<6 months: SR 2.0 (95%CI 1.8–2.2); n = 1898; estimated 13.4% 
mistreated cough18

<1 year: aSR 1.33 (95% CI 1.31–1.34); n = 14192487

NSAID GI symptoms Anti-ulcer 
medication

<4 weeks: aSR 2.50 (95%CI 2.27–2.76); n = 2016132

<100 days: aSR 1.80 (95%CI 1.64–1.99); n = 181489

<1 year: SR 1.71 (95%CI 1.67–1.74); n = 49646101

Ranitidine Heart failure Furosemide <1 year: aSR 1.08 (95%CI 1.04–1.12); n = 1087575

<1 year: aSR 1.24 (95% CI 1.17–1.31); n = 5554106

Rosiglitazone failure Furosemide <1 year Australia-1: aSR 1.70 (95%CI 1.34–2.15)96

<1 year Australia-2: aSR 1.63 (95%CI 1.51–1.76)
<1 year Canada: aSR 1.65 (95%CI 1.57–1.73)
<1 year Pooled estimate (Australia & Canada): aSR 1.65 (95%CI 
1.58–1.72)

<1 year Hong Kong: aSR 3.37 (95%CI 1.69–6.72)
<1 year Korea: aSR 1.14 (95%CI 1.08–1.21)
<1 year Taiwan: aSR 1.12 (95%CI 0.99–1.25)
<1 year Pooled estimate (Asia): aSR 1.21 (95%CI 1.01–1.45)
July 2000–December 2007: aSR 1.73 (99%CI 1.34–2.24)113

SGLT2-I Genital infections Antifungal <30 days: aSR 1.35 (95%CI 1.26–1.44)47

<60 days: aSR 1.48 (95%CI 1.40–1.56)
<90 days: aSR 1.53 (95% CI 1.43–1.60)
<180 days: aSR 1.42 (95%CI 1.37–1.47)
<365 days: aSR 1.24 (95%CI 1.20–1.28)
Genital infection occurred more frequently among SGLT2-I users than 
DPP-4 users (2.9% vs, 0.9%, aHR 3.50, 95%CI 1.95–5.89)88

DOAC Depression Antidepressant <3 months: aSR 1.29 (95%CI 1.23–1.35); n = 725393

<6 months: aSR 1.28 (95%CI 1.24–1.33); n = 12 530
<12 months: aSR 1.26 (95%CI 1.23–1.30); n = 20 613
SSRI <6 month: SR 1.57 (1.37–1.77); n = 1137; NNTH 202102

Other antidepressant <6 month: SR 1.59; 1076; (1.41–1.80); NNTH 207

High ceiling diuretics Hypokalaemia Potassium Furosemide <360 days: aSR 2.94 (95% CI 2.83–3.05)54

High ceiling diuretic <1 year: SR 3.31 (95%CI 3.24–3.38); n = 48539101

Statins Lower urinary 
tract symptoms 
(LUTS)

Drugs for urinary 
frequency and 
incontinence

<91 days: aSR 1.21 (95% CI 1.00, 1.46); n = 44650

<182 days: aSR 1.19 (95% CI 1.04, 1.38); n = 785
<365 days: aSR 1.17 (95% CI 1.05, 1.30); n = 1373
<1 year: aSR 1.17 (95% CI 1.16–1.19); n = 10742287

Statins Skin soft tissue 
infection

Antibiotic 
(Dicloxacillin or 
Flucloxacillin)

<1 year: aSR 1.18 (95% CI 1.15–1.22); n = 2306887

<91 days: aSR 1.40 (95%CI 1.29–1.52); n = 249876

<182 days: aSR 1.41 (95%CI 1.33–1.50); n = 4277
<365 days: aSR 1.40 (95%CI 1.34–1.47); n = 7726

Statins Depression Antidepressant <1 year: aSR 1.19 (95% CI 1.18–1.21); n = 11744387

Simvastatin → Antidepressant (April 1991–December 1995): aSR 1.59 
(1.08–2.45); n = 9198

Statins Muscle cramps Quinine <360 days: aSR 1.69 (95% CI 1.61–1.77)70

<1 year: aSR = 1.16 (95%CI 1.04–1.29); n = 132651

Brinzolamide Heart failure Furosemide <1 year Brinzolamide: aSR 1.18 (95%CI 1.06–1.32); n = 130475

<1 year Brinzolamide: aSR 1.37 (95% CI 1.16–1.62); n = 564106

Latanoprost Heart failure Furosemide <1 year Latanoprost: aSR 1.11 (95%CI 1.04–1.19); n = 361975

<1 year Latanoprost: aSR 1.48 (95% CI 1.38–1.59); n = 3107106

Carbamazepine Hypothyroidism Levothyroxine 1998–2004: aOR 1.37 (95%CI 1.13–1.65)130

<1 year: aSR 1.21 (99%CI 1.08–1.34)79

TA B L E  2 (Continued)



    |  25 of 32DOHERTY et al.

3.6  |  New medication(s) prescribed

The medication sub-classifications most frequently initiated as a 
new medication in the 94 studies are summarised in Figure  2A. 
Seventy-eight studies reported at least one significant positive as-
sociation, indicating a potential prescribing cascade (Table 1 and 
Figure 2A–C).

The most commonly identified prescribing cascades are sum-
marised in Table  2. These include; amiodarone associated with 
subsequent thyroid hormone prescriptions for hypothyroidism 
(n  =  5),54,61,79,85,87 CCBs associated with diuretic prescriptions to 
treat peripheral oedema (n = 5),5,7,87,104,105 topical antifungals to treat 
oral candidiasis following inhaled corticosteroids (n  =  4),39,54,56,71 
anti-Parkinson medication to treat Parkinsonian symptoms follow-
ing antipsychotic initiation (n  =  4),19,29,100,119 urinary anticholiner-
gics to treat urinary incontinence following acetylcholinesterase 
inhibitors(n = 4),24,26,44,53 and antitussives to treat cough following 
angiotensin-converting enzyme inhibitors (ACEIs) (n  =  3).18,73,87 
Additional prescribing cascades identified included metoclopramide 
to anti-Parkinson medication (n = 3).20,31,119 and NSAID to anti-ulcer 
medication.89,91,101

No association between drug pairs could be determined 
for several studies, largely due to either a cross-sectional 
study design examining concurrent drug use, insufficient drug-
pair sample size to determine a sequence ratio or reporting of 

incidence rates with no incidence rate ratio (labelled N/A in  
Figure 2 ).6,21,25,30,43,46,53,55,63,64,78,79,112,114,115 Several studies reported  
at least one negative association between drug pairs, indicating a 
reduced likelihood of the second medication being initiated (see 
eTable 3 Appendix S1).33,60,68–70,74,81,87,89,93,111

3.7  |  Modifiers of identified associations

Older people (aged ≥65 years) were more likely to receive; (i) an-
ticholinergics for urinary incontinence following SSRI initiation,41 (ii) 
ulcer drug therapy within 100 days of NSAID initiation,89 (iii) diuretic 
to treat beta-blocker induced oedema,36 and, (iv) thyroxine for hy-
pothyroidism following amiodarone initiation.85 Females were more 
likely to receive an antitussive for cough following ACEI initiation,73 
anticholinergic medication for urinary incontinence following ace-
tylcholinesterase inhibitor24,30 and SSRI initiation,41 and levothyrox-
ine following amiodarone initiation.85

Differential associations were identified for initial medica-
tion dosage in nine studies. Those who received higher doses 
of CCBs5,7 and gabapentinoids were more likely to receive a 
diuretic for oedema28; higher doses of inhaled corticosteroids 
were associated with a greater likelihood of treatment for oral 
candidiasis39; and higher metoclopramide dosage was found to 
increase the likelihood for dopaminergic treatment initiation.20 

Initial medication Suspected ADR Second medication Main findings

Valproate Hypothyroidism Levothyroxine 1998–2004: aOR 1.72 (95%CI 1.40–2.11)130

<1 year: aSR 1.34 (99%CI 1.20–1.49)79

Lithium Drug induced 
tremor Parkinson

Anti-parkinson drug Jan 1995-December 1999: RR 1.88 (95%CI 1.60–2.20)82

Up to 2 year follow-up (referent valproic acid): aHR 1.50 (95%CI 
0.68–3.36)27

Up to 2 year follow-up (referent antidepressant): aHR 1.56 (95%CI 
0.98–2.48)

Lithium Hypothyroidism Thyroxine 1998–2004: aOR 1.41 (95%CI 1.14–1.74)130

<360 days: aSR 3.43 (95% CI 2.55–4.70)54

Benzodiazepine Dementia Anti-dementia drug <3 months: aSR 1.24 (95%CI 1.05–1.45); n = 62566

<6 months: aSR 1.20 (95%CI 1.06–1.37); n = 973
<12 months: aSR 1.23 (95%CI 1.11–1.37); n = 1450
<24 months: aSR 1.34 (95%CI 1.23–1.47); n = 2049
<36 months: aSR 1.41 (95%CI 1.29–1.53); n = 2408
<48 months: aSR 1.44 (95%CI 1.33–1.56); n = 2653
<3 years: aSR 2.19 (95%CI 1.92–2.49); n = 128594

<2 years: aSR 2.00 (95%CI 1.71–2.34); n = 780
<1 year: aSR 1.77 (95%CI 1.39–2.27); n = 286

SSRI Urinary 
incontinence

Drugs for urinary 
frequency and 
incontinence 
(or incontinence 
products)41

Paroxetine <1 year: aSR 1.77 (95%CI 1.33–2.36)53

During SSRI (before SSRI as referent): IDR 1.57 (95%CI 1.38–1.79)41

During SSRI (after SSRI as referent): IDR 2.03 (95%CI 1.76–2.34)
During SSRI (before and after SSRI as referent): IDR 1.75 (95%CI 
1.56–1.97)

Patients had a 61% higher risk for incontinence (aRR 1.61, 95%CI 
1.42–1.82)

Abbreviations: aHR, adjusted hazard ratio; aOR, adjusted odds ratio; aSR, adjusted sequence ratio; IDR, incidence density ratio; NNTH, number 
needed to har; SR, crude sequence ratio.

TA B L E  2 (Continued)
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Polypharmacy (≥5 drugs) was associated with a greater like-
lihood of receiving thyroid hormones for amiodarone induced 
hypothyroidism.85

3.8  |  Intentional and unintentional cascades

The intentionality of potential prescribing cascades was not reported 
in any study nor was the intended duration (if any) of the prescrip-
tion of the second medication. One study provided a breakdown of 
prescriptions for the initial drug by prescriber type: 23% private car-
diologist, 35.5% hospital practitioner, 30.3% General Practitioner, 
and 11.3% other private specialist, but did not provide details of 
the prescriber of the second drug.93 Another study reported that 
of the sample who initiated the second drug (irrespective of initi-
ating the first drug), 87.1% of prescriptions were started by family 
physicians.51

3.9  |  Clinical importance of prescribing cascade

Two studies reported a number needed to harm (NNTH) for investi-
gated cascades.62,102 (See Table 1). One study (n = 90) conducted a 
medical chart validation study of those initiated a loop diuretic after 
initiating a dihydropyridine CCB (n = 64) and determined that 54.7% 
(n = 35) experienced a prescribing cascade.105

3.10  |  Quality assessment

Overall, the methodological quality varied across included studies 
(Figure 3 and eTables 4–6, Appendix S1). Among the retrospective 
cohort studies (eTable 4, Appendix S1) there was a lack of clarity sur-
rounding the similarity of exposed and unexposed groups at base-
line and the presence of the outcome at the start of the study. For 
case–control studies (eTable 5, Appendix S1), reporting of baseline 

F I G U R E  3 Quality appraisal summary 
of included studies (n = 98): (A) cohort 
studies; (B) case–control studies; (C) 
cross-sectional studies.
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comparison of cases and controls was inadequate as well as the ap-
propriateness of matching cases with controls.

4  |  CONCLUSION AND IMPLIC ATIONS

4.1  |  Principal findings

This systematic review identified 101 studies across 103 publica-
tions that examined potential prescribing cascades across a broad 
range of pharmacological drug groups. All studies used routine 
administrative data that included either medication prescribing or 
dispensed medications data. Of the 101 included studies, 78 (77%) 
reported at least one significant positive quantitative association 
that indicates a potential prescribing cascade. The most commonly 
identified prescribing cascades include: (i) CCBs → loop diuretics to 
treat peripheral oedema (n = 5); (ii) amiodarone → thyroxine to treat 
hypothyroidism (n = 5); inhaled corticosteroids → topical antifungal 
to treat candidiasis (n = 4); (iii) antipsychotics → anti-Parkinson medi-
cation to treat Parkinsonism (n  =  4); and (iv) acetylcholinesterase 
inhibitors → drugs for urinary frequency (n = 4).

Study methodological quality was variable with a considerable 
proportion of studies not reporting participant demographics. 
Almost two-thirds of included studies used PSSA methodology in 
which all included participants have experienced the outcome at the 
start of the study. A recent scoping review reported that whilst the 
PSSA method is a useful tool in detecting prescribing cascades, such 
cascades need careful clinical review as there is a risk of both false 
positive and false negative findings.120 This is particularly problem-
atic when screening for cascades without predefined hypotheses. In 
our systematic review, the vast majority of included studies (n = 94, 
93%) examined predefined medications as potentially contributing 
to a prescribing cascade. However, PSSA analyses cannot determine 
causality and should be interpreted with caution.

Several well-designed cohort and case–control studies examin-
ing prescribing cascades were identified. For example, a Canadian 
population-based study reported that incident CCB users had a 
higher cumulative incidence of loop diuretic use at one year follow 
up compared to patients dispensed ACEIs or angiotensin-II-receptor 
blocker antihypertensives (adjusted hazards ratio 1.4% vs. 0.7%, 
p < 0.001).5 In a US case–control study, metoclopramide users were 
three times more likely to begin use of a levodopa-containing medi-
cation compared with nonusers (OR = 3.09; 95% Cl 2.25 to 4.26).20 
Risk increased with increasing daily metoclopramide dose and the 
effect persisted after adjustment for demographic, health service 
utilization, and medication use variables.20

Fifteen of 101 studies focused specifically on older populations, 
with 11 reporting a significant association between increasing age 
and prescribing cascade occurrence. Older adults are more likely to 
experience medication-related harm due to increasing prevalence of 
multimorbidity, polypharmacy and age-related physiological changes 
that affect drug metabolism.9,10,121–123 Furthermore, ADRs are more 
difficult to diagnose in older adults due to their often non-specific 

presentation and overlap with pre-existing conditions or conditions 
likely to develop among older adults.1,8,124

4.2  |  Comparison with existing literature

Two scoping reviews of prescribing cascades have been conducted 
to date, one that focused on literature surrounding the prevention, 
detection and reversal of prescribing cascades11 and the second 
that focused on the use of PSSA as a potential pharmacovigilance 
tool.120 In 2018, Brath et al retrieved 10 original investigations and 
seven case reports pertaining to prescribing cascades.11 A consider-
able number of studies have been published since, indicating that 
this is a rapidly developing field. Morris el al. concluded that PSSA 
methodology demonstrated only moderate sensitivity and specific-
ity in identifying prescribing cascades and more consistency was 
required in how these studies were reported.120 As described previ-
ously, similar issues with methodological quality were identified in 
this systematic review.

4.3  |  Clinical and research implications

Multi-country studies have shown variation in prescribing cascade 
likelihood both within and across countries,60,95,96 underscoring the 
need to consider the local prescribing context. Differences in sample 
demographics, medication availability, approved clinical indications, 
help-seeking behaviour and prescribing cultures or genetic polymor-
phisms may influence the incidence of prescribing cascades.

The complexity of optimising prescribing for patients with mul-
timorbidity presents challenges for the prescriber due to the pre-
ponderance of single-disease guidelines, resultant polypharmacy, 
fragmentation and lack of continuity of care and resourcing con-
straints.125 Identification of ADRs remains a clinically challenging 
area, particularly in relation to older adults. Non-specific presenta-
tion of ADR symptoms in older adults, such as delirium, falls, fatigue 
and constipation, can be challenging to identify as being medication-
related as such symptoms have several causes and may overlap 
with existing multimorbidity.8,124 The failure to recognise an ADR 
may result in a prescribing cascade, furthering the risk for additional 
medication-related harm.1,2 The potential for ADRs should be con-
sidered as part of the differential diagnosis for all patients reporting 
new symptoms, particularly among those who have started a new 
medication within the previous year.1,8,124

Developing an explicit list of evidence-based prescribing cas-
cades is one way of supporting clinicians' awareness and detection 
of this issue. The iKASCADE international consortium are currently 
developing an inventory of prescribing cascades affecting older 
adults, through a modified Delphi procedure where international 
experts in medicines management for older adults will rank a list of 
prescribing cascades as to their clinical importance.126 The devel-
opment of an explicit list of clinically important and common pre-
scribing cascades is an important step in raising awareness of this 
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issue and in supporting clinicians to detect cascades.127 To maximise 
use in clinical practice will require explicit criteria of prescribing 
cascades be incorporated into existing electronic health record and 
prescribing support systems. Such systems will need to be able to 
detect the sequential prescription of drugs known to represent po-
tentially inappropriate prescribing cascades.127

The use of routine administrative data in included studies means 
that information on the broader clinical context and the rationale 
for medication prescribing is lacking. The identification of significant 
negative associations between drug pairs may indicate that prescrib-
ers are aware of certain prescribing cascades and proactively avoid 
their development or that therapeutic alternatives were prescribed. 
However, no exploration of intentionality of identified cascades 
could be made based on the data used in included studies.

Overall, it is difficult to determine the clinical importance of 
prescribing cascades identified as few studies examined clinical 
endpoints.48,62,102 One study examined the association between 
prescribing cascades that resulted in prochlorperazine initiation and 
reported a subsequent 49% increased risk of hip fracture.48 Future 
research is required to determine the relative clinical impact of in-
creased medication exposure and the clinical appropriateness of 
prescribing cascades.

4.4  |  Strengths and limitations

This systematic review extends the work of previously published 
scoping reviews11,120 by conducting a comprehensive literature search 
using several databases, including several grey literature searches.

This study also has some limitations. The lack of a MeSH term for 
prescribing cascades meant broad search terms were used, which 
led to a high yield of citations to be searched. Additional informa-
tion was sought from study authors but a small number of studies 
(n = 10) could not be retrieved for eligibility assessment due to the 
lack of access to the full text or a translated version. The information 
collated is somewhat limited by the methodological and reporting 
quality of included studies.

5  |  CONCLUSION

Prescribing cascades are of increasing interest to the research and 
clinical communities, with a broad range of medications involved. 
The identification of the most common prescribing cascades can 
support optimising prescribing as one part of identifying potentially 
inappropriate prescribing. Few studies have examined the clinical 
importance or the broader clinical context, including intentionality 
of prescribing cascades, thereby limiting the inferences that can be 
drawn about the implications for clinical practice. Challenges remain 
in differentiating ADR symptoms from that of new onset disease 
and advancing age and frailty.1,8,124 ADRs should be considered as 
part of the differential diagnosis in patients presenting with new 

symptoms, particularly for those who have started a new medica-
tion in the preceding 12 months.
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