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Abstract

Background: Prescribing cascades are important contributors to polypharmacy. Little is known about which older adults 

are at highest risk of experiencing prescribing cascades. We explored which older veterans are at highest risk of the 

gabapentinoid (including gabapentin and pregabalin)–loop diuretic (LD) cascade, given the dramatic increase in 

gabapentinoid prescribing in recent years.

Methods: Using Veterans Affairs and Medicare claims data (2010-2019), we performed a prescription sequence symmetry

analysis (PSSA) to assess loop diuretic initiation before and after gabapentinoid initiation among older veterans (≥66 

years). To identify the cascade, we calculated the adjusted sequence ratio (aSR), which assesses the temporality of LD 

relative to gabapentinoid initiation. To explore high-risk groups, we used multivariable logistic regression with prescribing 

order modeled as a binary dependent variable. We calculated adjusted odds ratios (aORs), measuring the extent to which 

factors associated with one prescribing order versus another. 

Results: Of 151,442 veterans who initiated a gabapentinoid, there were 1,981 patients who initiated a LD within 6 months

after initiating a gabapentinoid compared to 1,599 patients who initiated a LD within 6 months before initiating a 

gabapentinoid. In the gabapentinoid–LD group, the mean age was 73 years, 98% were male, 13% were Black, 5% were 

Hispanic, and 80% were White. Patients in each group were similar across patient and health utilization factors 

(standardized mean difference < 0.10 for all comparisons). The aSR was 1.23 (95% CI, 1.13, 1.34), strongly suggesting the

cascade’s presence. People age ≥85 years were less likely to have the cascade (compared to 66-74 years; aOR 0.74, 95% 

CI: 0.56-0.96), and people taking ≥10 medications were more likely to have the cascade (compared to 0-4 drugs; aOR 

1.39, 95% CI: 1.07-1.82). 

Conclusions: Among older adults, those who are younger and those taking many medications may be at higher risk of the 

gabapentinoid–LD cascade, contributing to worsening polypharmacy and potential drug-related harms. We did not identify

strong predictors of this cascade, suggesting that prescribing cascade prevention efforts should be widespread rather than 

focused on specific subgroups.
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Key Points:

 In this cohort study of 151,442 older veterans who newly initiated a gabapentinoid, we identified evidence of the 

gabapentinoid–loop diuretic prescribing cascade. 

 After adjusting for a broad range of patient and health utilization factors, the oldest adults were less likely to have 

the cascade, and those taking many medications were more likely to have the cascade. 

 While these associations were statistically significant, we did not identify strong predictors of the gabapentinoid–

loop diuretic cascade.

Why does this matter?

 Overall, we did not identify strong predictors of the gabapentinoid–loop diuretic cascade, suggesting that 

prescribing cascade prevention efforts should be widespread rather than focused on specific subgroups. Preventing 

the gabapentinoid–loop diuretic prescribing cascade is an important component of minimizing polypharmacy and 

concomitant drug-related harms among older adults.
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Introduction

Prescribing cascades occur when a medication causes adverse effects that are treated with a second medication.1,2 

Such cascades are under-recognized contributors to polypharmacy among older adults and have been linked with harms 

including emergency room visits and hospitalizations,3 increased pill burden,1 reduced quality of life,4 and additional costs 

to individuals and health systems.5,6

Despite progress in the detection of prescribing cascades at a population level,7–12 little is known about which 

groups of older adults are at highest risk of experiencing cascades; such information would be helpful to guide targeted 

efforts to mitigate the effects of prescribing cascades.7 Most studies involving rigorous epidemiologic methods have 

primarily focused on the detection of specific cascades across large populations, with subgroup analyses by various factors 

construed as a secondary aim.8–11 In many of these studies, stratified results are unadjusted, therefore making it challenging

to disentangle which factors confer the highest risk of experiencing the prescribing cascade. For example, if a study 

indicated that people with dementia had a disproportionately high burden of a given prescribing cascade,11 with unadjusted

results it is unclear if this excess risk was in fact driven by another factor (e.g., age).

The present study focuses on one specific cascade—the gabapentinoid (including gabapentin and pregabalin)–loop

diuretic (LD) prescribing cascade—with the central aim of exploring which older patients are at highest risk of 

experiencing this prescribing cascade. Given little prior work in this area, our goal was to conduct an exploratory analysis 

considering a broad array of potential high-risk groups. The results can inform future hypothesis-driven testing of potential

pathways that could be targeted to reduce the risk of experiencing a prescribing cascade. Gabapentinoids were originally 

developed as antiseizure drugs but are now prescribed mostly for treatment of pain and other conditions; peripheral edema 

is an established adverse drug effect of gabapentinoids, estimated to affect between 2% and 16% of users.8,12,13 In some 

cases, clinicians may respond to gabapentinoid-associated edema by prescribing a loop diuretic (either by misinterpreting 

the edema as a new condition or by doing so intentionally), thereby leading to a prescribing cascade. 

We chose to focus on the gabapentinoid–LD cascade for several reasons. First, gabapentinoid prescribing has 

increased dramatically in recent years in the US—tripling between 2009 and 2020, with disproportionate increase among 

older adults and those with multimorbidity14—due to frequent off-label use for a variety of medical conditions and a 

perception by prescribers that it has a favorable safety profile.15–20 Second, the gabapentinoid–LD prescribing cascade has 

been identified in prior studies involving data sources from the US, Canada, and Denmark, making it an emblematic 

prescribing cascade through which to investigate those groups at highest risk of prescribing cascades.8,11 Moreover, rich US

Veterans Affairs (VA) clinical and prescribing data represent a unique opportunity to investigate which groups of older 

veterans are at highest risk of experiencing the gabapentinoid–LD prescribing cascade.

Methods

Design

We conducted a prescription sequence symmetry analysis (PSSA) to assess the potential association between 

gabapentinoid use and loop diuretic use and to identify those groups at highest risk of experiencing this cascade. Briefly, 
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PSSA is a self-controlled study design that has been used in numerous studies to identify prescribing cascades.6,21,22 In this 

case-only design, individuals are selected who initiated two drugs of interest during the observation period: a medication 

suspected of causing a drug-induced adverse event (i.e., index drug, in this case, a gabapentinoid) and a medication 

potentially used to treat the adverse event (i.e., marker drug, in this case, a loop diuretic). 

The PSSA method assesses the temporal ordering of these two drugs, exploiting the fact that if no relationship 

exists between index and marker drugs, recipients of both drugs would be equally likely to receive them in either order. By 

contrast, in the case of a prescribing cascade, a higher proportion of initiations of the marker drug would occur after the 

index drug compared with before. An attractive feature of the PSSA design is that it inherently controls for time-invariant 

patient characteristics (e.g., sex and some demographic and environmental factors). This is because the analytic cohort 

comprises individuals who started on both index and marker drugs; factors that are stable over time during the observation 

period cannot predict the sequencing of these drugs.23

Data source

We used national outpatient VA pharmacy data merged with VA and Medicare claims data from fiscal years 2010-

2019. This research was approved by the institutional review boards of the San Francisco VA Health Care System and the 

University of California, San Francisco School of Medicine. We adhered to the Strengthening the Reporting of Studies in 

Epidemiology (STROBE) reporting guideline (Supplementary Table S1).24

Study population

We assembled a cohort of older adults receiving care in the VA who newly started a gabapentinoid during the 

period of January 1, 2013 to August 31, 2019. We required individuals to be age ≥ 66 years to allow for ≥ 1 year of 

Medicare eligibility. We defined new users as those receiving a new gabapentinoid fill without any gabapentinoid fills 

during the preceding year; we set the date of this new gabapentinoid fill as the index date. Among new users of 

gabapentinoids, we limited the cohort to those individuals who newly started a loop diuretic within 6 months before or 

after the index date. We adopted this observation window for several reasons: (1) given that most—but not all— 

gabapentinoid-induced edema occurs in the first few months after prescription, loop diuretic use beyond this window is 

less likely to be attributable to gabapentinoid-induced edema25; (2) to allow for detection of gabapentinoid-induced edema 

over time given available evidence which suggests that gabapentinoid-induced edema is more likely with higher doses and 

following dose increases11,25,26; and (3) balancing between the various observation windows (90, 180, and 360 days) 

adopted in a prior PSSA study of this prescribing cascade.11  

To improve measurement of prescribing within the VA’s integrated health system, we excluded older adults who 

were enrolled in Medicare Part D or Medicare Advantage (given that utilization data may not be complete for these 

individuals,27 and in line with our prior studies28,29) from one year prior to and six months after the index date. 

Additionally, we limited our sample to individuals who received at least 80% of their outpatient care in VA settings and 

were therefore expected to regularly receive drugs from VA pharmacy sources. In line with prior studies, we excluded 
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individuals with a diagnosis of congestive heart failure, chronic kidney disease, liver disease, and/or venous insufficiency 

(defined by International Classification of Diseases [ICD]-9 and ICD-10 codes in the 1 year prior to the index date) given 

that loop diuretics are often used for the treatment of edema in these conditions.10,11 Finally, in keeping with prior PSSA 

studies, we excluded individuals who filled both index and marker drugs on the same date.10,11 

Study drugs

The exposure drugs of interest (index drugs) were gabapentinoids, including gabapentin and pregabalin, at any 

dose. The outcome drugs of interest (marker drugs) were loop diuretics commonly used for edema including furosemide, 

torsemide, bumetanide, and ethacrynic acid. We required fills to have a dispensed quantity of 14 or more pills to exclude 

very short-term or highly intermittent use.

Key variables

Demographic variables included age, sex, and race/ethnicity (using categories based on the Research Triangle 

Institute definitions found in Medicare claims30). Chronic disease covariates included the Deyo adaptation of the Charlson 

comorbidity index (calculated from VA and Medicare claims during the 2 years before initiation of whichever drug [index 

or marker] came first). We also determined the presence of specific comorbidities including dementia, diabetes, myocardial

infarction, chronic obstructive pulmonary disease, cerebrovascular disease, malignancy, chronic pain, neuropathy, and 

epilepsy. We used a 2-year look-back period in claims for these comorbidities except for dementia, for which we used a 3-

year look-back period in line with prior studies.31,32 We defined baseline chronic medication use as those with fills of 

greater than or equal to 14 pills in the 6 months prior to the index date. We determined additional healthcare utilization 

variables including presence of hospitalization in the prior year and, as measures of potential intensity and dispersion of 

care, overall number of outpatient clinic visits in the prior year, and number of distinct types of clinic visits in the past year

(e.g., primary care vs cardiology).

Statistical analysis

The primary effect measure of a PSSA is the sequence ratio. We first calculated a crude sequence ratio (cSR) by 

dividing the number of individuals with the initial marker drug claim after the initial index drug by the number of 

individuals with the initial marker drug claim before the index drug claim. We assessed the cSR graphically by visually 

inspecting the histogram depicting marker drug initiation relative to index drug initiation for asymmetry. To adjust for 

secular trends in medication use (e.g., increasing use of gabapentinoids during the course of the observation period), we 

then calculated the null-effect sequence ratio.22 The null-effect sequence ratio has been previously described and represents

an expected sequence ratio based on the probability of the sequencing of initiation of marker drugs after index drugs in the

absence of a causal association.21,23,33 Next, we calculated an adjusted sequence ratio (aSR) with 95% confidence intervals 

(CI) by dividing the cSR by the null-effect ratio.34 To estimate the incidence rate of the gabapentin–LD prescribing cascade

among all older adults initiating a gabapentinoid with PSSA, we calculated the difference in the number of patients 
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between those initiating a loop diuretic after gabapentinoid initiation and those initiating a loop diuretic before 

gabapentinoid initiation, and divided the result by the number of patients initiating a gabapentinoid between 2013 and 

2019. We adjusted the estimated incidence rate by the length of the exposure window and presented it in terms of person-

years.6 This allowed us to better quantify the incidence of the gabapentin–LD prescribing cascade over a prespecified time 

period and to more effectively compare our findings against other research on this prescribing cascade.

To identify those older veterans at highest risk of experiencing the prescribing cascade, we constructed a series of 

logistic regression models with prescribing order modeled as a dichotomous variable. This method allows for multivariable

adjustment of the odds ratio (OR) indicating the sequence of index drug before marker drug compared to the opposite 

order and has been used in prior studies.6,35,36 The resultant adjusted OR sheds light on those factors in which the skewness 

of the sequencing was most pronounced.22 Specifically, the OR represents the odds of the gabapentinoid–LD sequence 

divided by the odds of the LD–gabapentinoid sequence; therefore, an OR>1 represents a higher odds of the 

gabapentinoid–LD sequence compared to the opposite sequence.  We examined these relationships with logistic regression

models adjusting for all measured patient and healthcare utilization characteristics. In secondary analyses, we performed 

stratified analyses, comparing the aSR across key variables of interest (described above).6,10

We used SAS, version 9.4 (SAS Institute, Inc., Cary, NC) and R version 3.6.1 (R Foundation for Statistical 

Computing, Vienna, Austria) for all analyses.

Results

Cohort description

After applying the exclusion criteria, we identified 151,442 veterans who initiated a gabapentinoid. The analytic 

cohort included 1,981 patients who initiated a loop diuretic within 6 months after initiating a gabapentinoid compared to 

1,599 patients who initiated a LD within 6 months before initiating a gabapentinoid (Supplemental Figure S1). Patients 

in the gabapentinoid–LD group had a mean age of 73 years, 98% were male, 13% were Black, 5% were Hispanic, and 

80% were White. Most patients (98%) were prescribed gabapentin (as opposed to pregabalin, which during the follow-up 

period required a non-formulary drug request in VA). Patients in the comparator group (LD–gabapentinoid) were similar 

across these and other measured patient and health utilization factors (Table 1; standardized mean difference [SMD] <0.10

for all comparisons). The proportion of patients in each group who were exposed to concomitant medications known to be 

associated with edema (Supplementary Table S2) in the 6 months prior to the index date was similar between groups 

(gabapentinoid–LD: 57%; LD–gabapentinoid: 58%; SMD -0.02).

Prescription sequence symmetry analysis

Among the analytic cohort of older veterans prescribed both a gabapentinoid and a loop diuretic within the 6-

month period, the loop diuretic was initiated nearly one-quarter more often after gabapentinoid initiation than before (aSR,

1.23; 95% CI, 1.13, 1.34). Excess initiation of LD after gabapentinoid was observed throughout the follow-up period, but 
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most prominently in the first 5 months (Figure 1). Among 151,442 veterans who initiated a gabapentinoid between 2013 

and 2019, the estimated incidence rate of the cascade was 4.8 prescribing cascade events per 1,000 gabapentinoid-initiator 

years.

Analysis of high-risk groups

The results of the analysis of predictors of the gabapentinoid–LD prescribing order are shown in Table 2. After 

adjustment for all measured patient and health utilization factors, two factors were associated with prescribing order. First, 

people age≥85 years were less likely to have the prescribing cascade (compared to 66-74 years; aOR 0.74, 95% CI: 0.56-

0.96). Second, people taking more medications at baseline were more likely to have the prescribing cascade (baseline 

medication count 5-9 vs 0-4, aOR: 1.22, 95% CI: 0.93-1.60; ≥10 vs 0-4, aOR 1.39, 95% CI: 1.07-1.82). 

Stratified analyses

Stratified analyses (Figure 2) revealed overlapping 95% CIs across stratum levels of all factors. For the specific 

strata of age≥85 years and baseline medication count ≥10 (those that emerged as significant predictors above), the 

stratified analyses revealed similar findings to the main results (e.g., among those taking ≥10 medications at baseline, 

aSR: 1.28, 95% CI 1.15-1.43 compared to those taking 0-4 medications, aSR: 1.01, 95% CI: 0.75-1.36).

Discussion

In this analysis of a nationally representative sample of older veterans, we report two key findings. First, our PSSA 

underscores the presence of the gabapentinoid–LD prescribing cascade in national US VA prescribing data (aSR of 1.23 

[95% CI, 1.13, 1.34]), suggesting an excess of individuals prescribed loop diuretic after gabapentinoid versus before 

gabapentinoid. Second, among older veterans, those who were younger and those taking multiple medications were at 

higher risk of the gabapentinoid–LD prescribing cascade—findings that emerged from analyses adjusted for patient and 

health utilization factors. Overall, we did not find evidence of strong predictors of the cascade in this population despite 

considering a broad array of patient and system factors, suggesting that efforts to mitigate the gabapentinoid–LD 

prescribing cascade should be broad-based rather than targeting specific subgroups.

Our findings confirm the presence of the gabapentinoid–LD prescribing cascade in the US veteran population, as 

previously identified in other studies from the US, Canada, and Denmark.8,11 Prior studies have used both PSSA and 

retrospective cohort designs to examine this particular cascade. The most comparable of these was a PSSA conducted by 

Vouri et al., in which the authors reported an aSR of 1.24 (95% CI: 1.21-1.28) for the gabapentinoid–LD cascade among 

US adults ≥65 years with commercial insurance.11 The concordance of our findings (regarding the strength of the detected

PSSA signal) is noteworthy for two reasons. First, veterans who use the VA for healthcare have rates of multimorbidity and

functional impairment exceeding those of non-veterans as well as being predominantly male.37–39 Second, the VA is an 

integrated healthcare system. In such an ecosystem—in which prescribing and dispense history, clinical documentation, 

and provider-to-provider communication are inherently facilitated relative to patients covered by commercial insurance—
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one might expect prescribers to be able to communicate better and potentially prevent prescribing cascades. Nevertheless, 

we observed remarkably similar aSRs between studies, underscoring the persistence of this prescribing cascade in 

disparate types of patients and delivery settings.

With our study, we sought to push the field of prescribing cascade research beyond detection of cascades to a 

better understanding of those groups at highest risk of experiencing a prescribing cascade. To this end, we explored a broad

array of patient and health services factors that could potentially increase the risk of experiencing prescribing cascades. We

hypothesize that prescribing cascades result from a complex interplay between aspects of a patient’s physiology and 

comorbidity burden (e.g., renal function, which modifies the risk of adverse drug events such as gabapentinoid-induced 

edema; diagnoses that drive prescribing of certain drugs); specific medications and doses; and prescriber and system 

factors (e.g., awareness of potential cascades by a given provider, fragmentation of care). As such, we cast a broad net in 

our exploration of factors, with the goal of generating foundational knowledge to inform future studies focused on specific 

aspects of the aforementioned factors (e.g., renal function). In doing so, we recognize the inherent limitations to which 

contextual factors can be derived from administrative data. For example, a detailed understanding of the medical decision-

making processes giving rise to prescribing cascades (e.g., whether a prescriber was aware of a potential cascade) is 

impossible to glean from administrative data. Further exploration of prescriber knowledge and decision-making with 

respect to prescribing cascades remains an important area for further qualitative inquiry.40

In the multivariable logistic regression analysis, most factors did not reach a standard cut-off for statistical 

significance. Of those that did, we found that older adults age≥85 years were less likely to experience the cascade 

(compared to 65-74 years; aOR 0.74, 95% CI: 0.56-0.96). This finding is somewhat surprising as one might expect older 

adults to be at heightened risk of developing an adverse drug event such as gabapentinoid-induced edema.41 However, it is 

also possible that prescribers are generally more aware of potential adverse drug effects and/or cascades in this population 

and therefore less likely contribute to a prescribing cascade (e.g., by stopping or decreasing the dose of the first medication 

rather than starting a second)42 or that older patients are more often exposed to deprescribing efforts due to changing goals 

of care. Investigating these possibilities represents a promising avenue for future research. Additionally, we found that 

older adults taking ≥10 medications at baseline were more likely to experience the cascade (compared to 0-4 medications;

aOR 1.39, 95% CI: 1.07-1.82); there was a suggestion of a potential dose-response relationship in the baseline medication 

use findings (people taking 5-9 medications compared to 0-4 medications; aOR 1.22, 95% CI: 0.93-1.60). One potential 

explanation for these findings is that with increased levels of polypharmacy, it may be harder to attribute drug side effects 

to a given drug; in this scenario, prescribers might be more likely to prescribe a second drug to treat the adverse effect of a 

previously prescribed drug. Importantly, one should interpret both findings with caution given the risk of multiple 

hypothesis testing. In general, these findings extend prior PSSA work on the gabapentinoid–LD cascade by Vouri et al.,11 

which took a univariable approach to examining heterogeneity of effects between subgroups (e.g., by stratification). 

Despite the previously discussed salient differences in populations between our studies, in their stratified analysis, results 

were generally concordant with those presented here, with little variance in stratified aSR estimates around an overall 

study aSR of 1.24 (for a 180-day follow-up window).
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A central takeaway from our study is that we did not identify strong predictors of the gabapentinoid–LD 

prescribing cascade. This was evident both in terms of the relatively weak adjusted ORs for age and polypharmacy 

discussed above as well as in the stratified (unadjusted) analysis, which showed relatively little variance in stratified aSR 

estimates around the overall study aSR of 1.23. The confidence limits on our estimates were sufficiently narrow to support 

the notion that we were unlikely to have missed a major risk factor due to insufficient power. These results suggest that 

efforts to prevent and mitigate prescribing cascades (e.g., via provider education or point-of-care clinical decision tools) 

among older adults should be broad-based, rather than focusing on a particular subgroup. Additionally, the overall 

incidence rate of the gabapentinoid–LD cascade in our cohort was relatively low—estimated at 4.8 prescribing cascade 

events per 1,000 gabapentinoid-initiator years—which suggests it may be worthwhile to focus efforts on a group of 

prescribing cascades, rather than any given cascade in isolation. To this end, the 2022 international Delphi panel 

delineating a consensus-based list of nine clinically relevant cascades representing potentially inappropriate prescribing is a

promising development.43 Finally, there is an ongoing need to supplement large epidemiological studies of prescribing with

deeper forms of inquiry (such as qualitative inquiry into decision-making and patient perspectives around cascades40,42 and 

novel artificial intelligence methods aimed at medication optimization44) aiming to disentangle the decision-making 

processes giving rise to prescribing cascades and to identify promising avenues to detect and avoid prescribing cascades 

among older adults.

This study has several limitations. First, we were unable to discern the indication for loop diuretic prescription 

from pharmacy claims; as such, we could not confirm that the dispensed loop diuretic was used to treat gabapentinoid-

induced edema. However, a key benefit of the PSSA study design is its proven ability to detect prescribing cascades in the 

absence of the indication for prescribing.6,45 Additionally, in line with prior studies, we restricted our cohort to older 

veterans without documentation of diagnoses often treated with loop diuretics to address this issue. Second, our study took

place in the VA health system, which is the largest integrated health system in the US but serves a predominantly male 

population; thus, our findings may not be generalizable to female patients. The number of women included in our analysis 

was small; while still feasible to conduct PSSA with small sample sizes,45 the resultant confidence intervals for the effect 

estimate and subgroup analysis among women were quite wide. Additionally, while our analytic cohort has broad 

demographics in line with other national cohorts of older veterans in terms of age and sex, our inclusion criteria (e.g., 

including those who initiated a gabapentinoid and excluding patients with a diagnosis of heart failure) yield an analytic 

cohort with some key differences compared to other national studies of older veterans—for example, a lower burden of 

heart failure and higher burden of diabetes and polypharmacy.46,47 Third, while PSSA offers many inherent benefits in the 

study of prescribing cascades (such as controlling for time-invariant factors that may affect prescribing order),6,21 this 

analytic technique requires developing a cohort of new users of both gabapentinoids and loop diuretics, which may further 

limit generalizability. However, there is little reason to suspect that the occurrence of this prescribing cascade in these 

individuals is markedly different from a broader population of individuals initiating a gabapentinoid. Finally, our analysis 

focused solely on the gabapentinoid–LD prescribing cascade; it is plausible that exploration of high-risk groups would 

vary in studies focused on other prescribing cascades, which represent a promising area for future research.
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In summary, we identified evidence of the gabapentinoid–LD prescribing cascade among older US veterans, in 

agreement with prior studies. To investigate which groups of older adults were at highest risk of experiencing the 

gabapentinoid–loop diuretic prescribing cascade, we considered a broad array of patient and health system factors. Overall,

we did not identify strong predictors of the prescribing cascade, suggesting that efforts to mitigate prescribing cascades 

among older adults should be broad-based and not focused on specific subgroups.
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Table 1: Analytic Cohort Characteristics

Characteristic

Veterans With
Loop Diuretic

Initiated Before
Gabapentinoid

 (N=1599)

Veterans With
Loop Diuretic
Initiated After
Gabapentinoid

(N=1981) SMD
Age in years 0.08
     66-74 1115 (69.7%) 1398 (70.6%)
     75-84 352 (22.0%) 464 (23.4%)
     85+ 132 (8.3%) 119 (6%)
Sex: Female 41 (2.6%) 50 (2.5%) -0.003
Race/Ethnicity 0.08
     Non-Hispanic White 1263 (79.0%) 1593 (80.4%)
     Non-Hispanic Black 219 (13.7%) 247 (12.5%)
     Hispanic 81 (5.1%) 98 (4.9%)
     Asian/Pacific Islander, American Indian/Alaska Native, 
Unknown, and Other 36 (2.3%) 43 (2.2%)
Myocardial infarction 151 (9.4%) 175 (8.8%) -0.02
Diabetes 850 (53.2%) 1132 (57.1%) -0.08
Cerebrovascular disease 281 (17.6%) 356 (18%) -0.01
Chronic Obstructive Pulmonary Disease 633 (40.0%) 762 (38.5%) -0.02
Dementia 76 (4.8%) 110 (5.6%) -0.04
Malignancy 398 (24.9%) 458 (23.1%) 0.04
Chronic Pain 54 (3.4%) 70 (3.5%) -0.01
Neuropathy 66 (4.1%) 98 (4.9%) -0.04
Epilepsy 4 (0.3%) 5 (0.3%) <0.001
Charlson Comorbidity Index ≥ median (3) 913 (57.1%) 1177 (59.4%) -0.05
Baseline medication count ≥ 5 1386 (86.7%) 1760 (88.8%) -0.07
     0-4 150 (9.4%) 149 (7.5%) 0.06
     5-9 (polypharmacy) 394 (24.6%) 463 (23.4%)
     10+ (hyperpolypharmacy) 1055 (66.0%) 1369 (69.1%)
Type of gabapentinoid: gabapentin (vs pregabalin) 1571 (98.2%) 1927 (97.3%) -0.07
Hospitalization in past year 278 (17.4%) 307 (15.5%) 0.05
Number of clinic visits in past year ≥ median (23) 821 (51.3%) 970 (49%) 0.05
Number of distinct clinical specialties visited in past year ≥ 
median (4) 993 (62.1%) 1228 (62%) 0.002
Index year 0.05
     2013-2015 844 (52.8%) 999 (50.4%)
     2016-2019 755 (47.2%) 982 (49.6%)

Footnote: SMD: Standardized mean difference. Epilepsy is included in this table for descriptive purposes but was not 

retained for further analyses given its exceedingly rare prevalence in the cohort. 

13

363

364

365

366



Table 2: Multivariable Analyses of Prescribing Order in the Prescription Sequence Symmetry Analysis

Characteristic
Odds Ratio 
(Unadjusted)

p 
value

Odds Ratio 
(Adjusted) p value

Age, years [ref: 66-74 years]
     75-84 1.05 (0.90-1.23) 0.54 1.06 (0.90-1.25) 0.49
     ≥85 0.72 (0.55-0.93) 0.01 0.74 (0.56-0.96) 0.02
Female sex 0.98 (0.65-1.50) 0.94 1.00 (0.66-1.53) 0.98
Race/ethnicity [ref: Non-Hispanic 
White]
     Non-Hispanic Black 0.89 (0.74-1.09) 0.26 1.07 (0.68-1.68) 0.77
     Hispanic 0.96 (0.71-1.30) 0.78 0.94 (0.58-1.52) 0.80
     Asian/Pacific Islander, American 
Indian/Alaska Native, Unknown, and 
Other 0.95 (0.60-1.48) 0.81 1.00 (0.58-1.71) 0.99
Dementia 1.18 (0.87-1.59) 0.28 1.22 (0.89-1.66) 0.21
Diabetes 1.18 (1.03-1.34) 0.02 1.07 (0.92-1.25) 0.40
Cerebrovascular disease 1.03 (0.87-1.22) 0.76 1.00 (0.84-1.20) 0.99
Malignancy 0.91 (0.78-1.06) 0.22 0.92 (0.77-1.10) 0.34
COPD 0.95 (0.83-1.09) 0.49 0.94 (0.82-1.09) 0.43
Myocardial infarction 0.93 (0.74-1.17) 0.53 0.91 (0.71-1.15) 0.41
Chronic Pain 1.05 (0.73-1.50) 0.80 1.08 (0.75-1.56) 0.69
Neuropathy 1.21 (0.88-1.66) 0.24 1.12 (0.80-1.57) 0.50
Charlson Comorbidity Index ≥ 
median (3) 1.10 (0.96-1.26) 0.16 1.11 (0.93-1.32) 0.24
Baseline medication count [Ref: 0-4]
     5-9 (polypharmacy) 1.18 (0.91-1.54) 0.21 1.22 (0.93-1.60) 0.15
     10+ (hyperpolypharmacy) 1.31 (1.03-1.66) 0.03 1.39 (1.07-1.82) 0.01
Type of gabapentinoid: gabapentin (vs 
pregabalin) 0.64 (0.40-1.01) 0.05 0.64 (0.40-1.02) 0.06
Hospitalization in past year 0.87 (0.73-1.04) 0.13 0.89 (0.74-1.07) 0.22
Number of clinic visits in past year ≥ 
median (23) 0.91 (0.80-1.04) 0.16 0.86 (0.73-1.00) 0.06
Number of distinct clinical specialties 
visited in past year ≥ median (4) 1.00 (0.87-1.14) 0.95 1.00 (0.84-1.16) 0.89
Index year [Ref: 2013-2015] 1.10 (0.96-1.25) 0.16 1.10 (0.96-1.26) 0.18

Footnote: LB: Lower bound; UB: Upper bound. The odds ratios represent the result of logistic regression models with 
prescribing order modeled as a dichotomous variable (indicating the sequence of gabapentinoid before loop diuretic 
compared to the opposite order). Adjusted results reflect adjustment for all listed factors.

14

367

368
369
370
371
372
373

374

375



Figure 1: Prescription Sequence Symmetry of Initial Loop Diuretic Prescription Within 6 Months of Initial 

Gabapentinoid Prescription Among Older Veterans

Legend: The Figure presents the results in a common format among prescription sequence symmetry analyses. In the 

absence of an association between gabapentinoid and loop diuretic use, we would expect the pattern to be symmetrical 

around time 0. The relative excess volume of patients on the right-hand side of the figure (gabapentinoid preceding loop 

diuretic) compared to the left-hand side (gabapentinoid following loop diuretic) may be attributable to a gabapentinoid-

loop diuretic prescribing cascade and is captured in the sequence ratio (SR) measure.
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Figure 2: Stratified Prescription Sequence Symmetry Analysis by Key Patient and Health Utilization Factors

Legend: CSR: Crude sequence ratio; NSR: Null sequence ratio; ASR: Adjusted sequence ratio; COPD: chronic obstructive

pulmonary disease. The summary dotted line indicates the overall study adjusted sequence ratio of 1.23. “Other” race 

refers to Medicare claims categorizations of Asian/Pacific Islander, American Indian/Alaska Native, Unknown, and Other.

16

384
385

386

387

388

389



References
1. Rochon PA, Gurwitz JH. The prescribing cascade revisited. Lancet Lond Engl. 2017;389(10081):1778-1780. 

doi:10.1016/S0140-6736(17)31188-1

2. McCarthy LM, Visentin JD, Rochon PA. Assessing the Scope and Appropriateness of Prescribing Cascades. J Am 
Geriatr Soc. 2019;67(5):1023-1026. doi:10.1111/jgs.15800

3. Rochon PA, Austin PC, Normand SL, et al. Association of a calcium channel blocker and diuretic prescribing cascade 
with adverse events: A population-based cohort study. J Am Geriatr Soc. Published online 2023:1-12. 
doi:10.1111/jgs.18683

4. Morris EJ, Brown JD, Manini TM, Vouri SM. Differences in Health-Related Quality of Life Among Adults with a 
Potential Dihydropyridine Calcium Channel Blocker-Loop Diuretic Prescribing Cascade. Drugs Aging. 2021;38(7):625-
632. doi:10.1007/s40266-021-00868-0

5. Brath H, Mehta N, Savage RD, et al. What Is Known About Preventing, Detecting, and Reversing Prescribing Cascades:
A Scoping Review: Scoping Review on Prescribing Cascades. J Am Geriatr Soc. 2018;66(11):2079-2085. 
doi:10.1111/jgs.15543

6. Morris EJ, Hollmann J, Hofer AK, et al. Evaluating the use of prescription sequence symmetry analysis as a 
pharmacovigilance tool: A scoping review. Res Soc Adm Pharm. 2022;18(7):3079-3093. 
doi:10.1016/j.sapharm.2021.08.003

7. O’Mahony D, Rochon PA. Prescribing cascades: we see only what we look for, we look for only what we know. Age 
Ageing. 2022;51(7):afac138. doi:10.1093/ageing/afac138

8. Read SH, Giannakeas V, Pop P, et al. Evidence of a gabapentinoid and diuretic prescribing cascade among older adults 
with lower back pain. J Am Geriatr Soc. 69(10):2842-2850. doi:10.1111/jgs.17312

9. Savage RD, Visentin JD, Bronskill SE, et al. Evaluation of a Common Prescribing Cascade of Calcium Channel 
Blockers and Diuretics in Older Adults With Hypertension. JAMA Intern Med. 2020;180(5):643-651. 
doi:10.1001/jamainternmed.2019.7087

10. Vouri SM, Jiang X, Manini TM, et al. Magnitude of and Characteristics Associated With the Treatment of 
Calcium Channel Blocker-Induced Lower-Extremity Edema With Loop Diuretics. JAMA Netw Open. 
2019;2(12):e1918425. doi:10.1001/jamanetworkopen.2019.18425

11. Vouri SM, Morris EJ, Wang GHM, Hashim Jaber Bilal A, Hallas J, Henriksen DP. Association between 
gabapentinoids and oedema treated with loop diuretics: A pooled sequence symmetry analysis from the USA and 
Denmark. Br J Clin Pharmacol. 2022;88(12):5269-5294. doi:10.1111/bcp.15447

12. Parsons B, Tive L, Huang S. Gabapentin: a pooled analysis of adverse events from three clinical trials in patients 
with postherpetic neuralgia. Am J Geriatr Pharmacother. 2004;2(3):157-162. doi:10.1016/j.amjopharm.2004.09.004

13. Semel D, Murphy TK, Zlateva G, Cheung R, Emir B. Evaluation of the safety and efficacy of pregabalin in older 
patients with neuropathic pain: results from a pooled analysis of 11 clinical studies. BMC Fam Pract. 2010;11:85. 
doi:10.1186/1471-2296-11-85

14. Johansen ME. Gabapentinoid Use in the United States 2002 Through 2015. JAMA Intern Med. 2018;178(2):292-
294. doi:10.1001/jamainternmed.2017.7856

15. Goodman CW, Brett AS. A Clinical Overview of Off-label Use of Gabapentinoid Drugs. JAMA Intern Med. 
2019;179(5):695-701. doi:10.1001/jamainternmed.2019.0086

17

390
391
392

393
394

395
396
397

398
399
400

401
402
403

404
405
406

407
408

409
410

411
412
413

414
415
416

417
418
419

420
421

422
423
424

425
426

427
428



16. Rentsch CT, Morford KL, Fiellin DA, Bryant KJ, Justice AC, Tate JP. Safety of Gabapentin Prescribed for Any 
Indication in a Large Clinical Cohort of 571,718 US Veterans with and without Alcohol Use Disorder. Alcohol Clin 
Exp Res. 2020;44(9):1807-1815. doi:10.1111/acer.14408

17. Burke RE, Pelcher L, Tjader A, et al. Central Nervous System-Active Prescriptions in Older Veterans: Trends in 
Prevalence, Prescribers, and High-risk Populations. J Gen Intern Med. Published online June 22, 2023. 
doi:10.1007/s11606-023-08250-z

18. Goodman CW, Brett AS. Gabapentin and Pregabalin for Pain - Is Increased Prescribing a Cause for Concern? N 
Engl J Med. 2017;377(5). doi:10.1056/NEJMp1704633

19. Ghinea N, Lipworth W, Kerridge I. Evidence, regulation and ‘rational’ prescribing: the case of gabapentin for 
neuropathic pain. J Eval Clin Pract. 2015;21(1):28-33. doi:10.1111/jep.12223

20. Terman SW, Niznik JD, Growdon ME, Gerlach LB, Burke JF. Secular Trends in Central Nervous System-Active 
Polypharmacy Among Serial Cross-Sections of US Adults, 2009–2020. Drugs Aging. Published online September 11, 
2023. doi:10.1007/s40266-023-01066-w

21. Lai ECC, Pratt N, Hsieh CY, et al. Sequence symmetry analysis in pharmacovigilance and pharmacoepidemiologic
studies. Eur J Epidemiol. 2017;32(7):567-582. doi:10.1007/s10654-017-0281-8

22. Hallas J. Evidence of depression provoked by cardiovascular medication: a prescription sequence symmetry 
analysis. Epidemiology. 1996;7(5):478-484.

23. Takeuchi Y, Shinozaki T, Matsuyama Y. A comparison of estimators from self-controlled case series, case-
crossover design, and sequence symmetry analysis for pharmacoepidemiological studies. BMC Med Res Methodol. 
2018;18(1):4. doi:10.1186/s12874-017-0457-7

24. von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement: guidelines for reporting observational studies. J Clin Epidemiol. 2008;61(4):344-
349. doi:10.1016/j.jclinepi.2007.11.008

25. Largeau B, Bordy R, Pasqualin C, et al. Gabapentinoid-induced peripheral edema and acute heart failure: A 
translational study combining pharmacovigilance data and in vitro animal experiments. Biomed Pharmacother. 
2022;149:112807. doi:10.1016/j.biopha.2022.112807

26. Finegan A, Mabrouk U, Nelson LA. Gabapentin-induced bilateral lower extremity edema in a patient with 
pervasive developmental disorder and schizoaffective disorder. Ment Health Clin. 2020;10(4):250-253. 
doi:10.9740/mhc.2020.07.250

27. Identifying Medicare Managed Care Beneficiaries from the Master Beneficiary Summary or Denominator Files | 
ResDAC. Accessed March 15, 2022. https://resdac.org/articles/identifying-medicare-managed-care-beneficiaries-
master-beneficiary-summary-or-denominator

28. Anderson TS, Wray CM, Jing B, et al. Intensification of older adults’ outpatient blood pressure treatment at 
hospital discharge: national retrospective cohort study. BMJ. 2018;362:k3503. doi:10.1136/bmj.k3503. PMCID: 
PMC6283373.

29. Anderson TS, Jing B, Auerbach A, et al. Clinical Outcomes After Intensifying Antihypertensive Medication 
Regimens Among Older Adults at Hospital Discharge. JAMA Intern Med. 2019;179(11):1528. 
doi:10.1001/jamainternmed.2019.3007

18

429
430
431

432
433
434

435
436

437
438

439
440
441

442
443

444
445

446
447
448

449
450
451

452
453
454

455
456
457

458
459
460

461
462
463

464
465
466



30. Jarrín OF, Nyandege AN, Grafova IB, Dong X, Lin H. Validity of Race and Ethnicity Codes in Medicare 
Administrative Data Compared With Gold-standard Self-reported Race Collected During Routine Home Health Care 
Visits. Med Care. 2020;58(1):e1. doi:10.1097/MLR.0000000000001216

31. Growdon ME, Gan S, Yaffe K, et al. New psychotropic medication use among Medicare beneficiaries with 
dementia after hospital discharge. J Am Geriatr Soc. 2023;71(4):1134-1144. doi:10.1111/jgs.18161. PMCID: 
PMC10089969

32. Maust DT, Strominger J, Bynum JPW, et al. Prevalence of Psychotropic and Opioid Prescription Fills Among 
Community-Dwelling Older Adults With Dementia in the US. JAMA. 2020;324(7):706-708. 
doi:10.1001/jama.2020.8519

33. Tsiropoulos I, Andersen M, Hallas J. Adverse events with use of antiepileptic drugs: a prescription and event 
symmetry analysis. Pharmacoepidemiol Drug Saf. 2009;18(6):483-491. doi:10.1002/pds.1736

34. Lund LC, Hallas J. Recommendations on the calculation of confidence intervals for sequence symmetry analyses. 
Pharmacoepidemiol Drug Saf. 2023;32(3):392-394. doi:10.1002/pds.5578

35. van Boven JFM, de Jong-van den Berg LTW, Vegter S. Inhaled Corticosteroids and the Occurrence of Oral 
Candidiasis: A Prescription Sequence Symmetry Analysis. Drug Saf. 2013;36(4):231-236. doi:10.1007/s40264-013-
0029-7

36. Hellfritzsch M, Rasmussen L, Hallas J, Pottegård A. Using the Symmetry Analysis Design to Screen for Adverse 
Effects of Non-vitamin K Antagonist Oral Anticoagulants. Drug Saf. 2018;41(7):685-695. doi:10.1007/s40264-018-
0650-6

37. Boersma P, Cohen RA, Zelaya CE, Moy E. Multiple Chronic Conditions Among Veterans and Nonveterans: 
United States, 2015-2018. Natl Health Stat Rep. 2021;(153):1-13.

38. Agha Z, Lofgren RP, VanRuiswyk JV, Layde PM. Are Patients at Veterans Affairs Medical Centers Sicker?: A 
Comparative Analysis of Health Status and Medical Resource Use. Arch Intern Med. 2000;160(21):3252-3257. 
doi:10.1001/archinte.160.21.3252

39. Meffert BN, Morabito DM, Sawicki DA, et al. U.S. Veterans Who Do and Do Not Utilize VA Healthcare Services:
Demographic, Military, Medical, and Psychosocial Characteristics. Prim Care Companion CNS Disord. 
2019;21(1):18m02350. doi:10.4088/PCC.18m02350

40. Farrell BJ, Jeffs L, Irving H, McCarthy LM. Patient and provider perspectives on the development and resolution 
of prescribing cascades: a qualitative study. BMC Geriatr. 2020;20(1):368. doi:10.1186/s12877-020-01774-7

41. Zazzara MB, Palmer K, Vetrano DL, Carfì A, Onder G. Adverse drug reactions in older adults: a narrative review 
of the literature. Eur Geriatr Med. 2021;12(3):463-473. doi:10.1007/s41999-021-00481-9

42. Farrell B, Galley E, Jeffs L, Howell P, McCarthy LM. “Kind of blurry”: Deciphering clues to prevent, investigate 
and manage prescribing cascades. PloS One. 2022;17(8):e0272418. doi:10.1371/journal.pone.0272418

43. McCarthy LM, Savage R, Dalton K, et al. ThinkCascades: A Tool for Identifying Clinically Important Prescribing 
Cascades Affecting Older People. Drugs Aging. 2022;39(10):829-840. doi:10.1007/s40266-022-00964-9

44. Walker LE, Abuzour AS, Bollegala D, et al. The DynAIRx Project Protocol: Artificial Intelligence for dynamic 
prescribing optimisation and care integration in multimorbidity. J Multimorb Comorbidity. 
2022;12:26335565221145493. doi:10.1177/26335565221145493

19

467
468
469

470
471
472

473
474
475

476
477

478
479

480
481
482

483
484
485

486
487

488
489
490

491
492
493

494
495

496
497

498
499

500
501

502
503
504



45. Vouri SM, Morris EJ, Usmani SA, et al. Evaluation of the key prescription sequence symmetry analysis 
assumption using the calcium channel blocker: Loop diuretic prescribing cascade. Pharmacoepidemiol Drug Saf. 
2022;31(1):72-81. doi:10.1002/pds.5362

46. Orkaby AR, Huan T, Intrator O, et al. Comparison of Claims-Based Frailty Indices in U.S. Veterans 65 and Older 
for Prediction of Long-Term Institutionalization and Mortality. J Gerontol A Biol Sci Med Sci. 2023;78(11):2136-2144. 
doi:10.1093/gerona/glad157

47. Steinman MA, Miao Y, Boscardin WJ, Komaiko KDR, Schwartz JB. Prescribing Quality in Older Veterans: A 
Multifocal Approach. J Gen Intern Med. 2014;29(10):1379-1386. doi:10.1007/s11606-014-2924-8

20

505
506
507

508
509
510

511
512

513




