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Abstract

Gabapentin is an effective treatment for chronic neuropathic pain but may cause dizziness,

drowsiness, and confusion in some older adults. The goal of this study was to assess the

association between gabapentin dosing and adverse outcomes by obtaining estimates of

the 30-day risk of hospitalization with altered mental status and mortality in older adults

(mean age 76 years) in Ontario, Canada initiated on high dose (>600 mg/day; n = 34,159)

compared to low dose (�600 mg/day; n = 76,025) oral gabapentin in routine outpatient care.

A population-based, retrospective cohort study assessing new gabapentin use between

2002 to 2014 was conducted. The primary outcome was 30-day hospitalization with an

urgent head computed tomography (CT) scan in the absence of evidence of stroke (a proxy

for altered mental status). The secondary outcome was 30-day all-cause mortality. The

baseline characteristics measured in the two dose groups were similar. Initiation of a high

versus low dose of gabapentin was associated with a higher risk of hospitalization with head

CT scan (1.27% vs. 1.06%, absolute risk difference 0.21%, adjusted relative risk 1.29 [95%

CI 1.14 to 1.46], number needed to treat 477) but not a statistically significant higher risk of

mortality (1.25% vs. 1.16%, absolute risk difference of 0.09%, adjusted relative risk of 1.01

[95% CI 0.89 to 1.14]). Overall, the risk of being hospitalized with altered mental status after

initiating gabapentin remains low, but may be reduced through the judicious use of gabapen-

tin, use of the lowest dose to control pain, and vigilance for early signs of altered mental

status.

Introduction

Most of the data to guide gabapentin use and dosing in older adults is from pharmacokinetic

studies or case reports[1,2] While gabapentin is approved to prevent seizures, most patients
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take gabapentin for reasons of neuropathic pain (71%) or psychiatric disorders, with bipolar

being most common (15%), with an average dose of 975 mg per day, ranging from 100 to 4800

mg per day[3]. There are some inconsistent recommendations for an appropriate standard

dose of gabapentin in prescribing references (Table 1), where the recommended dose varies by

medical indication[4–6], and in practise is often titrated up to maximum tolerable dose[2]. It

may be reasonable to start older adults on a low dose of gabapentin, which can be effective to

treat pain while exposing patients to a lower risk of adverse mental status side effects of gaba-

pentin (dizziness, drowsiness and confusion)[7]. For example, in several studies titrating gaba-

pentin to a maximum possible dose (generally 3,600mg per day) was not necessarily more

effective than a low dose[7,8]. In a randomized placebo controlled trial, clinically relevant pain

relief was achieved at doses as low as 900mg daily in 43% of patients (mean age 62 years)[9]. It

may be particularly important to dose-reduce gabapentin in the presence of chronic kidney

disease, a condition common in older adults which results in higher than average plasma con-

centrations of gabapentin as this drug is eliminated almost entirely by the kidney[10,11]. How-

ever, in practice older adults are frequently not initiated on low doses of gabapentin[2]. We

conducted this population-based cohort study to understand the risk of acute altered mental

status and mortality within 30 days of initiating a high versus low dose of gabapentin in older

adults, a segment of the population at higher risk of adverse drug events. We also considered

whether any observed effects were altered by the presence of chronic kidney disease.

Methods

Study design

We conducted a retrospective population-based cohort study using linked administrative data-

bases. The province of Ontario, Canada has approximately 14 million residents, 16% (2.3 mil-

lion) of whom are 65 years of age or older[12]. These older residents have universal

prescription drug coverage. This study was approved by the institutional review board at Sun-

nybrook Health Sciences Centre, Toronto, Canada. The reporting of this study followed guide-

lines for observational studies (S1 Table)[13].

Data sources

We ascertained outcomes as well as the presence of relevant comorbidities for exclusions and

baseline characteristics using records from population databases linked using unique encoded

identifiers and analyzed at the Institute for Clinical Evaluative Sciences (ICES). The Ontario

Drug Benefit Plan (ODB) database contains records of prescriptions from outpatient pharma-

cies. The dispensing of medications for patients aged 65 and older is accurately recorded in

this database with an error rate of less than 1%[14]. The Canadian Institute for Health Infor-

mation (CIHI) National Ambulatory Care Reporting System (NACRS) contains ambulatory

care information on emergency room visits, outpatient procedures, and day surgeries. The

CIHI Discharge Abstract Database (CIHI-DAD) reports inpatient procedures, diagnoses, and

discharge summaries for all patients hospitalized in Ontario. The Ontario Health Insurance

Plan (OHIP) database contains all physician and other specific health care provider claims for

medical services covered under the provincial health insurance plan. The Ontario Mental

Health Reporting System (OMHRS) contains information on mental health admissions in

Ontario, as well as psychiatric diagnoses and substance use. The Registered Persons Database

(RPDB) contains demographic information, such as birth date and sex, for all permanent

Ontario residents. The ICES Physician Database (IPDB), a dataset specific to ICES, provides

information on physicians’ date of birth, sex, year of graduation, specialty, and setting of
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practice. Finally, in a subpopulation, we used linked laboratory datasets with serum creatinine

information from Cerner and Gamma-Dynacare.

Patients

Older adults included in our study had at least one new outpatient oral prescription for gaba-

pentin lasting at least seven days between April 1st 2002 and December 31st 2014. The date the

gabapentin was dispensed served as the cohort entry date (also referred to as the index date).

We excluded the following older adults from analysis: (1) those in their first year of eligibility

for prescription drug coverage (aged 65 years) to avoid incomplete medication records; (2)

those with a prescription for our study drug (gabapentin) or non-study drug (pregabalin) in

the 180 days prior to the index date, to restrict the analysis to new use of gabapentin; (3) those

living in a long term care institution as such patients frequently have altered mental status

making such events difficult to attribute to medication use; (4) those with end-stage renal dis-

ease (defined as chronic dialysis or renal transplant), as gabapentin is readily dialyzable, which

alters prescribing recommendations[15,16]; (5) those who were discharged from hospital in

the 2 days prior to their index date, or if the index date fell between an admission and dis-

charge, in order to ensure gabapentin prescriptions were not a continuation from a hospital

treatment; and (6) those with a prescription for gabapentin greater than 4000 mg per day as

this was likely an error. A patient could enter the cohort only once.

In subgroup analyses, we identified patients with chronic kidney disease, which could be

defined either with databases codes, or in a subpopulation with laboratory values. In Ontario,

the validated algorithm of database codes for chronic kidney disease identifies older adults

with a median estimated glomerular filtration rate [eGFR] of 38 mL/ min per 1.73 m2 [inter-

quartile range (IQR), 27–52], whereas its absence identifies those with a median eGFR of 69

mL/min per 1.73 m2 [IQR, 56–82])[17]. In a subpopulation of patients with available baseline

serum creatinine data from outpatient laboratories, we defined chronic kidney disease as an

estimated glomerular filtration rate (eGFR) < 45 mL/min per 1.73 m2 (based on the most

recent serum creatinine prior to the gabapentin prescription). This threshold was chosen a pri-
ori for reasons of feasibility (choosing a lower eGFR threshold of< 30 mL/min per 1.73 m2

would mean too few patients for analysis in our dataset) and for reasons of biology (a higher

Table 1. Gabapentin dosing recommendations in popular drug prescribing references.

High

Dose�
Low

Dose�
Package Insert(6) UpToDate(5) Medscape(4)

>600

mg/day

�600

mg/day

Epilepsy: 900–1800 mg/day Epilepsy: Initial dose of 900 mg/day though

doses of 2,400 mg/day have been tolerated

Epilepsy: 900 mg/day (may increase

to max of 1800mg/day)

Postherpatic neuralgia: 300mg on day 1; 600mg on day

2; 900 mg on day 3 and later

Pain: 300 mg on day 1; 600 mg on day 2; 900 mg

on day 3 and later to a max of 1,800 mg (as

higher doses don’t show greater benefit)

Postherpatic neuralgia:300mg on

day 1; 600mg on day 2; 900 mg on

day 3 and later

Geriatric: Because elderly patients are more likely to

have decreased renal function, care should be taken in

dose selection, and dose should be adjusted based on

creatinine clearance values in these patients

Geriatric: Same as adult dosing Geriatric: can titrate gradually to

max of 1800mg/day

Renal impairment (CrCl in mL/min):

30–59 = 400-1400mg/day

16–29 = 200–700mg/day

�15 = 100–300 mg/day

Renal impairment: CrCl in mL/min):

30–59 = 400–1400 mg/day

16–29 = 200–700mg/day

�15 = 100–300 mg/day

Renal impairment (CrCl in mL/

min):

30–60 = 400-1400mg/day

15–29 = 200-700mg/day

<15 = 100-300mg/day

� Low dose and high dose were defined a priori based on a variety of factors including assessment of average daily dosing in our jurisdiction.

https://doi.org/10.1371/journal.pone.0193134.t001
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eGFR threshold of 45 to 60 mL/min per 1.73 m2 may not identify substantial chronic kidney

disease in the elderly). In truth, the best equation to estimate kidney function for the purposes

of drug adjustment is controversial–the United States Kidney Disease Education program

indicates that equations which express results in mL/min per 1.73 m2 or mL/min are both

appropriate for this purpose. In this study, we estimated GFR using the Chronic Kidney Dis-

ease–Epi equation (CKD-EPI), which when less than 45 mL/min per 1.73 m2 would also gen-

erally identify a patient with a Cockcroft-Gault result less than 45 mL/min (at this level of

kidney function, agreement between both equations is good, although the CKD-Epi equation

generally yields a higher estimate of eGFR in older adults).

Gabapentin dose

The main comparison in this study was between two groups of patients prescribed either a

high or low dose of gabapentin. In this study we assessed the average daily dose of gabapentin

from the first (initial) prescription, meaning it was the average daily dose of all doses received

for the duration of the initial prescription. In this study we classified daily doses of 600 mg or

less as “low dose” and doses above 600 mg as “high dose” prior to any outcome analyses. This

was justified for several reasons. In a healthy adult being treated for pain and/or postherpetic

neuralgia, it is recommended gabapentin be started at 300mg per day on the first day, 600mg

the second day and 900mg the third day and beyond[18]. In older adults it is recommended to

start at a lower dose and titrate up for a desired effect as necessary, although guidance rarely

goes beyond that. Many older patients have reduced kidney function and an initial dose rang-

ing from 200 to 1400 mg/day in patients with a creatinine clearance of 20–59 mL/min is rec-

ommended. Finally, we assessed the distribution of dosages in our region used in common

practice a priori; a 600 mg cut-off point provided a reasonable number of persons in each of

our two dosing groups.

Outcomes

Gabapentin-related altered mental status changes, when they occur, frequently do so in the

first few weeks of drug initiation[1,19]. For this reason, we followed all individuals for 30 days

after they initiated gabapentin for two pre-specified outcomes. The primary outcome was hos-

pitalization with an urgent head computed tomography (CT) scan in the absence of a diagnosis

of stroke, which in our data sources was used as a proxy for the development of new, signifi-

cant altered mental status. In the clinical setting of acute altered mental status presenting to

hospital where no alternative explanation is apparent on first evaluation (as in the case of most

patients with drug-induced altered mental status) the general standard of care in our jurisdic-

tion is to perform an urgent head CT scan. Unlike many hospital diagnostic codes for mental

status changes, such as delirium which have very poor accuracy, completion of a head CT scan

is very well coded in our data sources, similar to other fee-for-service codes associated with

physician reimbursement[20]. To focus on acute altered mental status, we limited this out-

come to only head CT scans performed during the first five days of the hospital admission or

in the emergency department preceding the admission, and excluded those where stroke was

listed as the most responsible diagnosis. The secondary outcome of this study was all-cause

mortality, which is well coded in our data sources (sensitivity of 94% and positive predictive

value of 100%)[21].

In addition to our two primary clinical outcomes we also compared our two gabapentin

dose groups on estimated 30-day healthcare sector specific costs, such as emergency depart-

ment visits and inpatient hospital admissions, as well as total healthcare costs in the 30-day fol-

low-up. The method of assessing healthcare cost in our data sources is fully described
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elsewhere[22]. Total healthcare cost was the sum of costs of physician visits, long term care,

complex continuing care, home care, emergency department visits, inpatient hospital admis-

sions, rehabilitation, prescription drugs, and same day surgeries. All costs are expressed in

2014 Canadian dollars.

Statistical analysis

We compared baseline characteristics between those prescribed a high versus low daily dose of

gabapentin using standardized differences. This metric describes differences between group

means relative to the pooled standard deviation and is considered a meaningful difference if

greater than 10%[23]. We expressed the risk of developing an outcome in both relative and

absolute terms. Absolute risk was also expressed as the number needed to harm (NNH) (1 /

absolute risk difference). This measure indicates how many patients need to receive a high

dose of gabapentin to cause harm to one patient who otherwise would not have been harmed

if all patients received a low dose gabapentin (a lower number indicating greater harm).

All analyses were performed using SAS version 9.4. We conducted multivariable logistic

regression analyses to estimate odds ratios and 95% confidence intervals. The odds ratio

approximates the relative risk when the event is rare (as found for our condition). We adjusted

for eight potential pre-specified characteristics: age, sex, year of cohort entry, Charlson comor-

bidity score (a composite of comorbidities predicting risk of one year mortality)[24], baseline

evidence of dementia and trigeminal neuralgia, as well as baseline use of antiepileptic and nar-

cotic prescriptions. We evaluated the association between gabapentin dose (high vs. low) and

outcomes in the pre-specified two subgroups of chronic kidney disease (as assessed by admin-

istrative codes [listed in S2 Table], or by eGFR in a subpopulation with available laboratory val-

ues). Additional analyses were completed after knowledge of the primary results (see Results

section). In all outcome analyses we interpreted 2-tailed P values lower than 0.05 as statistically

significant.

We compared the adjusted mean costs between patients who were prescribed high and low

daily dose of gabapentin. Mean costs were adjusted for the same eight characteristics as above;

using a general linear model assuming a normal distribution for costs and identity link func-

tion. An additional analysis was done to assess the avoidable healthcare costs associated with

preventing hospitalizations for urgent head CT scans due to initiating a high dose of gabapen-

tin. We estimated the attributable risk fraction using the adjusted relative risk of hospitaliza-

tion for head CT scans due to initiating a high dose of gabapentin. Avoidable healthcare costs

were calculated based on the estimated attributable risk fraction in our cohort. We also

included estimates of avoidable healthcare costs for varying levels of prevalence of initiating a

high dose of gabapentin.

Results

We identified 148,769 patients who initiated gabapentin during our study period. Cohort

selection is presented in S1 Fig. After applying our exclusions, 110,184 unique patients

remained who received a high dose (n = 34,159) or low dose (n = 76,025) of gabapentin. Most

prescriptions were written by a primary care physician (68.7%). Hospitalizations with altered

mental status took place across 121 different hospitals in Ontario.

Baseline characteristics of the two dosing groups were similar (select baseline characteristics

presented in Table 2, with full results reported in S3 Table). Men were more likely to receive a

high dose (42.9% vs. 35.7%), as were younger patients (median age 73 vs. 76 years). Patients

that entered the cohort in the last three years of accrual were more likely to receive a low dose

(60.8% vs. 44.2%).
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Table 2. Baseline characteristics.

High Dose¶

n = 34,159

Low Dose£

n = 76,025

Standardized Difference (%)�

Age, mean (SD) 74.4 (6.5) 76.3 (7.2) 28%

Women 19,508 (57.1) 48,906 (64.3) 15%

Year of cohort entry

2002–2005 4,067 (11.9) 4,272 (5.6) 22%

2006–2009 6,187 (18.1) 8,219 (10.8) 21%

2010–2013 19,563 (57.3) 48,743 (64.1) 14%

2014 4,342 (12.7) 14,791 (19.5) 19%

Rural 5,418 (15.9) 10,464 (13.8) 6%

Income quintile

Missing 247 (0.3) 133 (0.4) 2%

1 (lowest) 7,049 (20.6) 16,120 (21.2) 1%

2 6,997 (20.5) 16,009 (21.1) 1%

3 6,655 (19.5) 15,179 (20.0) 1%

4 6,743 (19.7) 14,621 (19.2) 1%

5 (highest) 6,582 (19.3) 13,849 (18.2) 3%

Comorbidities in 5 years prior
Alzheimer’s disease 62 (0.2) 238 (0.3) 2%

Atrial fibrillation/flutter 2,414 (7.1) 5,969 (7.9) 3%

Cardiovascular disease# 10,056 (29.4) 22,693 (29.8) 1%

Chronic liver disease 1,599 (4.7) 3,328 (4.4) 1%

Chronic obstructive pulmonary disease 2,105 (6.2) 4,460 (5.9) 1%

Dementia 3,153 (9.2) 8,866 (11.7) 8%

Diabetes Mellitus 8,650 (25.3) 20,008 (26.3) 2%

Congestive heart failure 4,663 (13.7) 11,683 (15.4) 5%

Migraine 2,181 (6.4) 4,370 (5.7) 3%

Neuropathic Pain 1,778 (5.2) 2,675 (3.5) 8%

Peripheral vascular disease 1,068 (3.1) 1,871 (2.5) 4%

Seizure disorder 528 (1.5) 728 (1.0) 5%

Sepsis 576 (1.7) 1,109 (1.5) 2%

Stroke 1,227 (3.6) 2,602 (3.4) 1%

Trigeminal Neuralgia 2,249 (6.6) 3,205 (4.2) 11%

Tests/Procedures in the one year prior
Cardiac catheterization 771 (2.3) 1,561 (2.1) 1%

CT head 5,628 (16.5) 12,067 (15.9) 2%

Electroencephalogram 583 (1.7) 871 (1.1) 5%

Prescribing Physician Characteristics��

Time since graduation, mean (SD) 26.2 (11.7) 25.7 (11.7) 4%

Specialty
GP 22,346 (65.4) 53,403 (70.2) 10%

Anesthesiologist 441 (1.3) 1,102 (1.4) 1%

Nephrology 25 (0.1) 336 (0.4) 6%

Cardiology 79 (0.2) 183 (0.2) 0%

Neurology 2,510 (7.3) 3,184 (4.2) 13%

Physical Medicine and Rehab 400 (1.2) 805 (1.1) 1%

Missing 9,145 (12.0) 5,037 (14.7) 8%

Other 3,321 (9.7) 7,867 (10.3) 2%

(Continued)
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There were 15,283 unique physicians that prescribed an index prescription, with 2,550 of

those prescribing only high doses, 5,847 prescribing only low doses, and 6,886 prescribing

both doses. The mean number of prescriptions written per physician was 7 (standard deviation

14).

30-day hospitalization with altered mental status

These results are presented in Table 3. Initiating a high versus low dose of gabapentin was

associated with a higher risk of hospitalization with altered mental status (434 patients of

34,159 taking a high dose [1.27%] vs. 809 of 76,025 taking a low dose [1.06%]; adjusted relative

risk 1.29 [95% CI 1.14 to 1.46], p-value <0.0001). The absolute risk difference was 0.21% (95%

CI 0.07 to 0.35). The number needed to harm was 477 (95% CI 286 to 1429).

Results from subgroup analyses by baseline chronic kidney disease status are presented in

Table 4. The risk of hospitalization with altered mental status with a high versus low dose of

gabapentin was higher in patients with chronic kidney disease than in patients without chronic

kidney disease. This appeared true when chronic kidney disease was assessed by the presence

of database codes (p-value for interaction 0.017). However, CKD defined using laboratory val-

ues was not technically statistically significant at the 0.05 level of significance (p-value for inter-

action p-value 0.054).

Table 2. (Continued)

High Dose¶

n = 34,159

Low Dose£

n = 76,025

Standardized Difference (%)�

Medications in 180 days prior
ACE-inhibitors 10,712 (31.4) 22,834 (30.0) 3%

ARBs 5,886 (17.2) 15,186 (20.0) 7%

Anti-depressants 11,984 (35.1) 24,114 (31.7) 7%

Anti-epileptics 2,418 (7.1) 3,188 (4.2) 13%

Antipsychotics 1,485 (4.3) 3,839 (5.0) 3%

Beta-blockers 9,831 (28.8) 23,096 (30.4) 4%

Calcium channel blockers 10,102 (29.6) 24,239 (31.9) 5%

Diuretics 11,172 (32.7) 25,337 (33.3) 1%

Histamine-2 receptor antagonist 2,546 (7.5) 5,306 (7.0) 2%

Statins 16,982 (49.7) 39,603 (52.1) 5%

Benzodiazepines 7,732 (22.6) 16,783 (22.1) 1%

Cholinesterase inhibitors 709 (2.1) 2,243 (3.0) 6%

Migraine therapies 15 (0.03) 20 (0.04) 6%

Narcotics and Narcotic Antagonists 18,516 (54.2) 36,136 (47.5) 13%

Abbreviations: SD, standard deviation; CT, computed tomography; GP, general practitioner; CMG, Canadian Medical Graduate; ACE, angiotensin converting enzyme;

ARB, angiotensin receptor blocker; NSAIDs, nonsteroidal anti-inflammatory drug; ASA, acetylsalicylic acid
¶High dose of gabapentin defined as >600 mg/day
£Low dose of gabapentin defined as�600 mg/day

�Standardized differences are less sensitive to sample size than traditional hypothesis tests. They provide a measure of the difference between groups divided by the

pooled standard deviation; a value greater than 10% is interpreted as a meaningful difference between the groups

#Coronary artery disease incorporates coronary artery revascularization as well as myocardial infarction but does not include angina

��Physicians may be presented more than once if they had written prescriptions for more than 1 patient present in our cohort.

https://doi.org/10.1371/journal.pone.0193134.t002
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Table 3. 30-day primary and secondary outcomes.

Number of events, n (%) Relative Risk

(95% CI)

Absolute Risk Difference, % (95%

CI)

Number Needed to Harm# (95%

CI)

High Dose¶

N = 34,159

Low Dose£

N = 76,025

Unadjusted Adjusted¥

Hospitalization with altered mental

status�
434 (1.27) 809 (1.06) 1.20

(1.06–1.35)

1.29

(1.14–

1.46)

0.21 (0.07–0.35) 477 (286–-1429)

All-cause mortality 426 (1.25) 883 (1.16) 1.07

(0.96–1.21)

1.01

(0.89–

1.14)

0.09 (0.05–0.23) not reported$

Abbreviations: CI, confidence interval.
¶High dose of gabapentin defined as >600 mg/day.
£Low dose of gabapentin defined as�600 mg/day.
¥Adjusted for 8 covariates (see Methods).

�Altered mental status as defined by receipt of urgent head CT scan in the absence of diagnosis of stroke within the first 5 days of hospital admission as diagnosed by

hospital administrative codes.

#Number needed to harm rounded up to nearest whole number. It does not apply causality, as all results are associations but is there for ease of interpretation.

$Number needed to harm was not reported for all-cause mortality as there was no statistical increase in risk.

Patients prescribed the low gabapentin dose served as the referent group.

https://doi.org/10.1371/journal.pone.0193134.t003

Table 4. Subgroup analysis for primary outcome of hospitalization with altered mental status in 30 day follow up.

CKD Status Dose$ Number of

patients

Number of

events , n (%)

Relative Risk (95% CI) Adjusted p-

value

Adjusted

interaction p-

value

Absolute risk

difference % (95%

CI)

Number

needed to

harm
Unadjusted Adjusted

Chronic kidney

disease�
Low

Dose

8,345 158 (1.89) 1.0 (ref) 1.0 (ref) 0.0003 0.017 0.98

(0.35–1.70)

102

High

Dose

2,955 85 (2.88) 1.53 (1.18–

2.00)

1.68 (1.27–

2.22)

No chronic

kidney disease�
Low

Dose

67,680 651 (0.96) 1.0 (ref) 1.0 (ref) 0.003 0.16

(0.02–0.30)

639

High

Dose

31,204 349 (1.12) 1.16 (1.02–

1.33)

1.22 (1.07–

1.40)

eGFR <45# Low

Dose

2,729 51 (1.87) 1.0 (ref) 1.0 (ref) 0.04 0.054 1.20

(0.07–2.66)

84

High

Dose

848 26 (3.07) 1.66 (1.03–

2.68)

1.67 (1.02–

2.73)

eGFR�45# Low

Dose

15,454 152 (0.98) 1.0 (ref) 1.0 (ref) 0.62 0.02

(-0.33–0.25)

4167

High

Dose

6,653 67 (1.01) 1.02 (0.77–

1.37)

1.08 (0.80–

1.45)

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate

$ Low dose defined as�600mg per day of gabapentin. High dose defined as >600mg per day of gabapentin.

Events are defined by receipt of urgent head CT scan in the absence of diagnosis of stroke within the first 5 days of hospital admission as diagnosed by hospital

administrative codes.

� Chronic kidney disease as defined by presence of at least one administrative database code from a previously validated algorithm. Listing of codes is presented in

Appendix B

# eGFR is based on subgroup analysis of patients that have a recent serum creatinine laboratory value from Gamma-Dynacare or Cerner.

Patients prescribed the low gabapentin dose served as the referent group.

https://doi.org/10.1371/journal.pone.0193134.t004
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30-day all-cause mortality

Initiating a high versus low dose of gabapentin was not associated with a significantly higher

risk of death (426 patients of 34,159 taking a high dose [1.25%] vs. 883 of 76,025 taking a low

dose [1.16%]; adjusted relative risk 1.01 [95% CI 0.89 to 1.14]. There was also a lack of associa-

tion between gabapentin dose and mortality in patients with and without chronic kidney disease

(p-value for interaction 0.97 using database codes, and 0.35 for laboratory values; S4 Table).

Additional analyses

The primary associations were also robust in additional analyses. First, we redefined our

primary outcome as evidence of urgent neuroimaging within 2 days (vs. 5 days) of a hospital

admission; with the rationale that neuroimaging done earlier in the hospital stay was more

likely related to the reason for hospital presentation. An outpatient high (vs. low) dose of

gabapentin remained associated with a higher risk of hospitalization with an urgent CT

head when defined this way (adjusted odds ratio 1.29, 95% CI 1.34 to 1.46; S5 Table). Sec-

ond, to confirm the two groups of patients initially categorized by gabapentin dose had a

similar baseline risk of developing altered mental status prior to the initiation of gabapentin,

we re-applied the exclusion criteria to our existing cohort on the day that preceded the

index date by 180 days. After re-applying exclusions, we followed the retained patients for

the same 30-day outcomes. Because there was no plausible reason why the two groups

would differ in outcomes prior to the initiation of gabapentin, we reasoned that null associ-

ations would enhance assertions that the two groups were similar in their baseline risk for

the study outcomes. When we performed this analysis there was no observed association

with 30-day risk of the primary study outcome (adjusted odds ratio 1.11, 95% CI 0.91 to

1.35; S6 Table).

Costing analyses

The adjusted mean costs, are presented in Table 5. A high (vs. low) dose of gabapentin increased

the average healthcare cost by $31.22 (average per person 30-day cost with high dose was

$64.75, vs. a low dose cost of $33.53). Initiating a high versus low dose of gabapentin was also

associated with a higher average per person emergency department cost ($103.70 vs. $90.30),

hospitalization cost ($676.07 vs. $598.98), and total healthcare cost ($2,146.38 vs. $1,995.60). A

total of 8.2% of the hospital encounters with altered mental status were attributable to initiating

a high dose of gabapentin. If the 34,159 patients in our cohort who initiated a high dose of gaba-

pentin had instead started at a low dose of gabapentin, this may have resulted in total healthcare

savings of $1,123,281.82 (Table 6).

Table 5. Average per person adjusted cost in 30-day follow-up period.

All Patients Gabapentin Emergency Visit Hospitalization Total Healthcare

High Dose $64.75 $103.70 $676.07 $2,146.38

Low Dose $33.53 $90.30 $598.98 $1,995.60

Average Cost Differential $31.22 $13.41 $77.09 $150.78

P-value <0.0001 <0.0001 <0.0001 <0.0001

Costing analysis shows average per patient and was adjusted for age, sex, Charlson comorbidity score, index year, trigeminal neuralgia, use of antiepileptics, use of

narcotics, and dementia.

https://doi.org/10.1371/journal.pone.0193134.t005
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Discussion

We conducted this study to characterize the 30-day risk of hospitalization with altered mental

status in older adults initiating either a high or low dose of gabapentin in routine outpatient

care (using hospitalization with urgent head neuroimaging as a proxy for this outcome, rather

than a diagnosis of delirium which could not be reliably assessed in our data sources). Using

gabapentin has been shown to provide a statistically significant improvement in quality of life

secondary to neuropathic pain reduction when compared to placebo[25]. Compared to a low

dose, initiating a high dose of gabapentin was associated with an increased 30-day risk of a hos-

pital encounter for altered mental status, with higher costs to the healthcare system. Fortu-

nately, the risk of being hospitalized with altered mental status after initiating gabapentin

remained low, even in patients prescribed a high initial dose of gabapentin.

The efficacy of the lower dosing of gabapentin remains unclear from the current study.

Early case reports describe decreased hyperesthesia, decreased episodes of “lancinating” pain,

and reduction of burning pain in doses lower than 600mg per day[26]. One randomized clini-

cal trial done in the United Kingdom shows that patients experience improvement of symp-

toms within one week, which was statistically different from placebo, with doses as low as

900mg per day[25]. Another study showed over 40% of patients achieved moderate or excel-

lent pain relief at 900mg per day[9]. This may mean that doses as low as 600mg per day could

provide some benefit, while avoiding risks. The risk of adverse effects would have to be

weighed against potential benefits in each patient.

The upper threshold to define our low dose of gabapentin was below the initial recom-

mended dose for pain and several clinical indications. Prior to performing any outcome analy-

sis, we set our dosing thresholds from the average initial prescribed dose, and because these

doses could be feasibly assessed in our data sources. It is possible the current standard dose is

too high for some older patients, and some hospitalizations may be avoided through the judi-

cious use of gabapentin, use of the lowest dose possible to control pain, and vigilance for early

signs of altered mental status. Additionally, the bioavailability of gabapentin is inversely corre-

lated to dosing[27].

In additional analyses we observed an association between high vs. low dose gabapentin

and a higher risk of hospitalization for mental status changes in patients both with and without

chronic kidney disease. Thus it may be prudent to be cautious about gabapentin dosing in

older patients irrespective of their level of kidney function. Gabapentin is eliminated almost

entirely by the kidneys, and in our subgroup analyses risks were highest in the presence of

chronic kidney disease (Table 4). Our results emphasize the need to consider initiating a low

dose of gabapentin particularly in patients with chronic kidney disease.

Table 6. 30-day avoidable healthcare cost of patients hospitalized with altered mental status attributable to high gabapentin dose.

Prevalence of Patients Receiving

High Dose Gabapentin

Gabapentin

Cost&
Emergency

Department Cost&
Hospitalization

Cost&
Total Healthcare

Cost&
30 Day Healthcare Cost Avoidable by

Using Low Dose# Gabapentin

31%$ $3,697.02 $91,241.52 $994,291.06 $1,123,281.82 ---

23.3% (25% reduction) $2,836.85 $70,012.73 $762,953.47 $861,932.48 $261,349/34

15.5% (50% reduction) $1,928.03 $47,583.20 $518,530.95 $585,800.69 $537,481.13

7.8% (75% reduction) $991.42 $24,467.96 $266,636.02 $301,227.08 $822,054.74

0% (100% reduction)� --- --- --- --- $1,123,281.82

&Attributable cost to high gabapentin dose in patients hospitalized with altered mental status.

#Low dose as described in this study as�600mg per day of gabapentin.

$ Actual proportion of patients in our cohort who were initiated on a high dose gabapentin (>600mg per day)

�100% reduction of patients receiving high dose gabapentin = all patients receive low dose.

https://doi.org/10.1371/journal.pone.0193134.t006
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Our study has several strengths. Ontario offers a large and diverse population in which all

residents have universal medical coverage and everyone over 65 years old has prescription

drug coverage. This allowed us to study a more generalizable and real practice population,

complementing the information available from a Cochrane systematic review of randomized

control trials and case reports which assessed different gabapentin dosing[2,28,29]. We used a

low dose of gabapentin as a comparator group (versus no gabapentin at all) to reduce concerns

about confounding. Finally, our research protocol, cohort, and outcomes were pre-specified,

and the results were consistent with our a priori hypotheses.

Our study does have some limitations. We did not have details of the indication for gaba-

pentin use or treatment effectiveness, or accurate information on any changes in the dose of

gabapentin over 30 days of follow-up from the average daily dose ascertained from the first

prescription. Our outcome of hospitalization with altered mental status was ascertained by

knowledge of whether a patient was hospitalized and received urgent neuroimaging. With our

data sources this was done a priori and deemed to be the best way to ascertain the underlying

adverse event of interest, and has successfully been used in other studies[30,31]. We reasoned

urgent head CT scans done for reasons unrelated to gabapentin dose (i.e. headache) would

occur at a similar frequency in the high and low dose groups, and therefore would not impact

estimates of difference in risk. Additionally we excluded patients that had a most responsible

diagnosis of stroke to avoid this as a potential confounding cause for urgent neuroimaging,

although we do not know the indication for the head CT scan. However, a more robust study

design would be to follow older patients prospectively after receipt of gabapentin with an inde-

pendent adjudication of mental status outcomes, recognizing that such a study would be a sub-

stantial undertaking with associated costs. Because ours was an observational study we

describe associations without definitive proof of causation, and the possibility of residual con-

founding remains. However, we did not detect a difference in 30-day risk of the primary study

outcome between the two groups when the cohort was examined 180 days prior to initiating

gabapentin–suggesting the two groups had a similar baseline risk for the study outcomes.

Additionally, we cannot assess the effectiveness of the proposed doses based on this current

study design. To our knowledge, a randomized control study assessing a dose of 600mg per

day vs. higher doses has not been done, and such a study may contribute valuable information

to guide dosing and effectiveness in the elderly. Finally, our findings can only be generalized to

older adults, as younger patients are often healthier and may not be as susceptible to adverse

drug events.

In conclusion, the absolute risk of being hospitalized with altered mental status after the ini-

tiation of gabapentin is low. However, when the drug is clinically indicated, some adverse

events and associated healthcare costs may be avoided if the lowest dose of gabapentin is used.

Future studies should assess if the doses recommended in this article are as effective as higher

doses.

Supporting information

S1 Table. STROBE checklist.

(DOCX)

S2 Table. Listing of CKD codes from previously validated algorithm.

(DOCX)

S3 Table. Full baseline characteristics.

(DOCX)

Gabapentin dose in older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0193134 March 14, 2018 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193134.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193134.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193134.s003
https://doi.org/10.1371/journal.pone.0193134


S4 Table. Subgroup analysis for secondary outcome of all-cause mortality in 30 day follow

up.

(DOCX)

S5 Table. Primary analysis using CT head within 2 days of hospital admission.

(DOCX)

S6 Table. Baseline risk of 30-day outcomes in the 180 days prior to cohort entry.

(DOCX)

S1 Fig. Cohort selection.

(JPG)

Acknowledgments

Disclaimer: Parts of this material are based on data and information compiled and provided

by the Canadian Institutes of Health Information (CIHI). However, the analyses, conclusions,

opinions and statements expressed herein are those of the author, and not necessarily those of

CIHI.

We thank IMS Brogan Inc., for use of their Drug Information Database.

We thank Dynacare for their use of the outpatient laboratory database and the team at Lon-

don Health Sciences Centre, St. Joseph’s Health Care, and the Thames Valley Hospitals for

providing access to the Cerner laboratory database.

Author Contributions

Conceptualization: Jamie L. Fleet, Amit X. Garg.

Formal analysis: Stephanie N. Dixon, Paul John Kuwornu.

Funding acquisition: Amit X. Garg.

Investigation: Jamie L. Fleet.

Methodology: Jamie L. Fleet, Stephanie N. Dixon, Paul John Kuwornu, Varun K. Dev, Manuel

Montero-Odasso, Jorge Burneo, Amit X. Garg.

Project administration: Jamie L. Fleet.

Resources: Amit X. Garg.

Supervision: Stephanie N. Dixon, Amit X. Garg.

Writing – original draft: Jamie L. Fleet.

Writing – review & editing: Jamie L. Fleet, Stephanie N. Dixon, Paul John Kuwornu, Varun

K. Dev, Manuel Montero-Odasso, Jorge Burneo, Amit X. Garg.

References
1. Miller A, Price G. Gabapentin toxicity in renal failure: The importance of dose adjustment. Pain Med.

2009; 10(1):190–2. https://doi.org/10.1111/j.1526-4637.2008.00492.x PMID: 18721173

2. Moore RA, Wiffen PJ, Derry S, Toelle T, Rice ASC. Gabapentin for chronic neuropathic pain and fibro-

myalgia in adults. Cochrane database Syst Rev. 2014; 4:CD007938.

3. Hamer AM, Haxby DG, McFarland BH, Ketchum K. Gabapentin use in a managed medicaid population.

J Manag Care Pharm [Internet]. 2002; 8(4):266–71. Available from: http://www.ncbi.nlm.nih.gov/

pubmed/14613419 https://doi.org/10.18553/jmcp.2002.8.4.266 PMID: 14613419

4. Medscape. Neurontin (gabapentin) [Internet]. 2013 [cited 2015 Jan 22]. Available from: http://reference.

medscape.com/drug/neurontin-gralise-gabapentin-343011

Gabapentin dose in older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0193134 March 14, 2018 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193134.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193134.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193134.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193134.s007
https://doi.org/10.1111/j.1526-4637.2008.00492.x
http://www.ncbi.nlm.nih.gov/pubmed/18721173
http://www.ncbi.nlm.nih.gov/pubmed/14613419
http://www.ncbi.nlm.nih.gov/pubmed/14613419
https://doi.org/10.18553/jmcp.2002.8.4.266
http://www.ncbi.nlm.nih.gov/pubmed/14613419
http://reference.medscape.com/drug/neurontin-gralise-gabapentin-343011
http://reference.medscape.com/drug/neurontin-gralise-gabapentin-343011
https://doi.org/10.1371/journal.pone.0193134


5. Post TW, editor. Gabapentin Drug Information. In: UpToDate [Internet]. Waltham MA; 2016. Available

from: https://www.uptodate.com/contents/gabapentin-drug-information?source=see_link

6. Parke-Davis. Gabapentin Prescribing Information [Internet]. Division of Pfizer Inc, NY, NY. 2015 [cited

2016 Jan 22]. Available from: http://labeling.pfizer.com/ShowLabeling.aspx?id=630

7. Rice ASC, Maton S. Gabapentin in postherpetic neuralgia: a randomised, double blind, placebo con-

trolled study. Pain. 2001; 94(2):215–24. PMID: 11690735

8. Backonja M, Beydoun A, Edwards KR, Schwartz SL, Fonseca V, Hes M, et al. Gabapentin for the

Symptomatic Treatment of Painful Neuropathy in Patients With Diabetes Mellitus: A Randomized Con-

trol Trial. JAMA. American Medical Association; 1998 Dec 2; 280(21):1831. PMID: 9846777

9. Gorson KC, Schott C, Herman R, Ropper AH, Rand WM. Gabapentin in the treatment of painful diabetic

neuropathy: a placebo controlled, double blind, crossover trial. J Neurol Neurosurg Psychiatry [Internet].

BMJ Group; 1999 Feb [cited 2017 Feb 8]; 66(2):251–2. Available from: http://www.ncbi.nlm.nih.gov/

pubmed/10071116 PMID: 10071116

10. Blum RA, Comstock TJ, Sica DA, Schultz RW, Keller E, Reetze P, et al. Pharmacokinetics of gabapen-

tin in subjects with various degrees of renal function. Clin Pharmacol Ther. 1994 Aug; 56(2):154–9.

PMID: 8062491

11. Zand L, McKian KP, Qian Q. Gabapentin Toxicity in Patients with Chronic Kidney Disease: A Prevent-

able Cause of Morbidity. Am J Med. 2010; 123(4):367–73. https://doi.org/10.1016/j.amjmed.2009.09.

030 PMID: 20362757

12. Statistics Canada. CANSIM—051–0001—Estimates of population, by age group and sex for July 1,

Canada, provinces and territories [Internet]. 2016 [cited 2017 Jan 22]. Available from: http://www5.

statcan.gc.ca/cansim/a26

13. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting

observational studies. Vol. 147, Annals of Internal Medicine. 2007. p. 573–7.

14. Levy AR, O’Brien BJ, Sellors C, Grootendorst P, Willison D. Coding accuracy of administrative drug

claims in the Ontario Drug Benefit database. Can J Clin Pharmacol. 2003; 10(2):67–71. PMID:

12879144

15. Spaia S, Tersi M, Sidiropoulou M, Askepidis N, Pazarloglou M, Iliadi V. Management of neuropathic

pain in dialysis patients: An effective approach with gabapentin. Dial Transplantation 38 ()(pp 368–373),

2009Date Publ Sept 2009. 2009;(9):368–73.

16. Wong MO, Eldon MA, Keane WF, Türck D, Bockbrader HN, Underwood BA, et al. Disposition of gaba-

pentin in anuric subjects on hemodialysis. J Clin Pharmacol. 1995 Jun; 35(6):622–6. PMID: 7665723

17. Fleet JL, Dixon SN, Shariff SZ, Quinn RR, Nash DM, Harel Z, et al. Detecting chronic kidney disease in

population-based administrative databases using an algorithm of hospital encounter and physician

claim codes. BMC Nephrol. 2013; 14(81):1–8.

18. Backonja M, Glanzman RL. Gabapentin dosing for neuropathic pain: Evidence from randomized, pla-

cebo-controlled clinical trials. Vol. 25, Clinical Therapeutics. 2003. p. 81–104.

19. Dogukan A, Aygen B, Berilgen MS, Dag S, Bektas S, Gunal AI_. Gabapentin-induced coma in a patient

with renal failure. Hemodial Int. 2006; 10:168–9. https://doi.org/10.1111/j.1542-4758.2006.00089.x

PMID: 16623669

20. Williams J, Young W. A summary of studies on the quality of health care administrative databases in

Canada. In: Goel V, Williams JI, Anderson GM, Blacksterin-Hirsch P, Fooks C, Naylor CD, editors. Pat-

terns of Health Care in Ontario: The ICES Practice Atlas. Ottawa: Canadian Medical Association;

1996. p. 339–45.

21. Jha P, Deboer D, Sykora K, Naylor CD. Characteristics and mortality outcomes of thrombolysis trial par-

ticipants and nonparticipants: A population-based comparison. J Am Coll Cardiol. 1996; 27(6):1335–42.

PMID: 8626941

22. Wodchis WP, Arthurs E, Khan AI, Gandhi S, MacKinnon M, Sussman J. Cost trajectories for cancer

patients. Curr Oncol. 2016; 23:S64–75. https://doi.org/10.3747/co.23.2995 PMID: 26985150

23. Austin PC. Using the Standardized Difference to Compare the Prevalence of a Binary Variable Between

Two Groups in Observational Research. Commun Stat—Simul Comput. 2009; 38(6):1228–34.

24. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity

in longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373–83. PMID: 3558716

25. Serpell MG, Neuropathic Pain Study Group. Gabapentin in neuropathic pain syndromes: a randomised,

double-blind, placebo-controlled trial. Pain. 2002; 99(3):557–66. PMID: 12406532

26. Rosner H, Rubin L, Kestenbaum A. Gabapentin adjunctive therapy in neuropathic pain states. Clin J

Pain. 1996; 12(1):56–8. PMID: 8722736

Gabapentin dose in older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0193134 March 14, 2018 13 / 14

https://www.uptodate.com/contents/gabapentin-drug-information?source=see_link
http://labeling.pfizer.com/ShowLabeling.aspx?id=630
http://www.ncbi.nlm.nih.gov/pubmed/11690735
http://www.ncbi.nlm.nih.gov/pubmed/9846777
http://www.ncbi.nlm.nih.gov/pubmed/10071116
http://www.ncbi.nlm.nih.gov/pubmed/10071116
http://www.ncbi.nlm.nih.gov/pubmed/10071116
http://www.ncbi.nlm.nih.gov/pubmed/8062491
https://doi.org/10.1016/j.amjmed.2009.09.030
https://doi.org/10.1016/j.amjmed.2009.09.030
http://www.ncbi.nlm.nih.gov/pubmed/20362757
http://www5.statcan.gc.ca/cansim/a26
http://www5.statcan.gc.ca/cansim/a26
http://www.ncbi.nlm.nih.gov/pubmed/12879144
http://www.ncbi.nlm.nih.gov/pubmed/7665723
https://doi.org/10.1111/j.1542-4758.2006.00089.x
http://www.ncbi.nlm.nih.gov/pubmed/16623669
http://www.ncbi.nlm.nih.gov/pubmed/8626941
https://doi.org/10.3747/co.23.2995
http://www.ncbi.nlm.nih.gov/pubmed/26985150
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.ncbi.nlm.nih.gov/pubmed/12406532
http://www.ncbi.nlm.nih.gov/pubmed/8722736
https://doi.org/10.1371/journal.pone.0193134


27. Rose MA, Kam PCA. Gabapentin: pharmacology and its use in pain management. Anaesthesia. 2002

May; 57(5):451–62. PMID: 11966555

28. Ondo W, Hunter C, Vuong KD, Schwartz K, Jankovic J. Gabapentin for essential tremor: A multiple-

dose, double-blind, placebo-controlled trial. Mov Disord. 2000; 15(4):678–82. PMID: 10928578

29. 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):157–62. https://doi.org/

10.1016/j.amjopharm.2004.09.004 PMID: 15561647

30. Dev V, Dixon S, Fleet J, Gandhi S, Gomes T, Harel Z, et al. Higher anti-depressant dose and major

adverse outcomes in moderate chronic kidney disease: a retrospective population-based study. BMC

Nephrol. 2014;

31. Tawadrous D, Dixon S, Shariff SZ, Fleet J, Gandhi S, Jain AK, et al. Altered mental status in older adults

with histamine2-receptor antagonists: A population-based study. Eur J Intern Med. 2014

Gabapentin dose in older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0193134 March 14, 2018 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/11966555
http://www.ncbi.nlm.nih.gov/pubmed/10928578
https://doi.org/10.1016/j.amjopharm.2004.09.004
https://doi.org/10.1016/j.amjopharm.2004.09.004
http://www.ncbi.nlm.nih.gov/pubmed/15561647
https://doi.org/10.1371/journal.pone.0193134

