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Abstract

Background/Objectives: Peripheral neuropathy is a common diabetes complication that can 

increase fall risk. Regarding fall risk, the impact of pain management using tricyclic 

antidepressants (TCAs) or gamma-aminobutyric acid (GABA) analogs is unclear because these 

medications can also cause falls. This study investigates the impact of these drugs on fall and 

fracture risk in older diabetic peripheral neuropathy patients.

Design: Historical cohort study with 1-to-1 propensity matching of TCA/GABA-analog users 

and non-users.

Setting: Nationally representative 5% Medicare sample between the years 2008 and 2010.

Participants: After applying all selection criteria, 5,550 patients with prescription and 22,200 

patients without prescription of TCAs/GABA-analogs were identified. Both patient groups were 

then stratified for fall history and matched based on propensity of receiving TCAs/GABA-analogs 

within each group.

Measurements: Patients were followed until the first incidence of fall or the first incidence of 

fracture during the follow-up period (for up to 5 years).

Results: After matching, users and non-users were largely similar. After covariate adjustment, 

TCA/GABA-analog use was associated with a statistically significant increase in fall risk (adjusted 

HR: 1.11, 95% CI 1.03–1.20), but was not associated with fracture risk (adjusted HR: 1.09, 95% 

CI 0.99–1.19) in the conventional analysis. Treating TCA/GABA-analog use as a time-dependent 
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covariate resulted in statistically significant associations of TCA/GABA-analog use with both fall 

and fracture risk (HR 1.26, 95% CI 1.17 to 1.36; and HR 1.12, 95% CI 1.02–1.24).

Conclusion: Among older patients with diabetic peripheral neuropathy, GABA-analogs or TCAs 

increase fall risk and possibly fracture risk. Use of these medications is therefore a potentially 

modifiable risk factor for falls and fractures in this population.

Keywords

falls; pain management; neuropathy; diabetes

INTRODUCTION

Mobility is essential for independence in old age. Older patients with diabetes are at 

particular risk of mobility declines due to diabetic peripheral neuropathy (DPN). Affecting 

approximately 30% of all diabetes patients, this complication causes impaired sensation, 

muscular weakness, and neuropathic pain.1, 2 This can result in gait disturbances leading to 

foot ulceration, falls, and fractures.3–6 Pain management may benefit these patients by 

preventing falls and fractures associated with neuropathic pain.

However, DPN management is challenging. When our sampling began in 2008, gamma-

aminobutyric acid (GABA) analogs, tricyclic antidepressants (TCAs), and serotonin-

norepinephrine reuptake inhibitors (SNRIs) were considered first-line pharmaceutical 

monotherapy for painful DPN.1, 2, 7, 8 However, these drugs have side effects that increase 

fall risk in older adults. TCAs like amitriptyline act nonspecifically by enhancing 

serotonergic and noradrenergic mechanisms, while simultaneously blocking histaminic, 

cholinergic, and α1-adrenergic actions. The anticholinergic side effects of TCAs include 

drowsiness, blurred vision, dizziness, somnolence, and confusion.9 GABA analogs also 

increase dizziness and somnolence; however, the mechanism by which this occurs is 

unknown.10–14 Lastly, SNRIs increase somnolence and dizziness in addition to decreasing 

bone density, resulting in increased risk of falls and fractures, respectively.15, 16 In the 

current study, we omitted SNRIs from the analysis for two main reasons. Firstly, there is a 

relative paucity of contemporary clinical trials indicating the effectiveness of SNRIs for the 

treatment of neuropathic pain.8 Secondly, we believe that the inclusion of SNRI use in our 

models would introduce selection bias, as these drugs were not available generically during 

the study period.

Of these drug classes, only TCAs have been widely tested and demonstrated as contributory 

to fall and fracture risk in the older population.17–23 However, it is reasonable to hypothesize 

that GABA analogs also contribute to fall and fracture risk in the older population. 

Regarding the older population with DPN, none of these drug classes have been examined to 

determine their associated fall and fracture risk. However, doing so is particularly important 

in this population, considering these drugs’ poor efficacy. Only one-third of painful diabetic 

neuropathy patients will achieve pain relief of fifty percent or greater using these drugs.1 

Therefore, it is unclear whether their use will 1) decrease neuropathic pain sufficiently to 

reduce fall and fracture risk, or 2) be associated with increased fall and fracture risk as a 

result of drug side effects.
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In this study, we examine the effect of TCAs and GABA analogs on fall and fracture risk in 

older patients with DPN using a nationally representative Medicare sample.

METHODS

This study complies with the privacy rules for protected health information as stated by the 

Health Insurance Portability and Accountability Act of 1996 (HIPAA).

Study Population.

This historical cohort study examines a 5% sample of Medicare beneficiaries from the years 

2008 to 2014. From this sample, beneficiaries with diabetes were identified using Chronic 

Condition Data Warehouse (CCW) chronic conditions categories.24 To identify additional 

patient characteristics, TCA/GABA-analog use, and study outcomes, this study utilizes 

Medicare beneficiary summary files, Medicare Provider Analysis and Review (MedPAR) 

files, Outpatient Standard Analytical Files (OutSAFs), Medicare Carrier files, and 

Prescription Drug Event (PDE) records.

Cohort Selection.

Figure 1 depicts study cohort selection. After identifying diabetes patients during the years 

2008 through 2010 (N=821,034), individuals with DPN were identified using ICD-9 codes 

250.60 and 250.62 (N=130,298). Subsequently, individuals who first initiated TCA/GABA-

analog use (see Supplementary Table S1) during 2008 to 2010 were identified, and those 

individuals who began using these drugs prior to diabetes diagnosis were excluded 

(N=35,106). Date of first TCA/GABA-analog prescription served as the index date. 

Individuals with comorbid conditions that could alternatively explain TCA/GABA-analog 

use (epilepsy, migraine, bipolar depression, or lower limb amputation) were excluded, as 

were those with nursing facility use during the three months prior to initial TCA/GABA-

analog prescription. The application of all exclusion criteria resulted in a final cohort of 

5,550 DPN patients receiving TCAs/GABA-analogs. Psychiatric comorbidities were 

identified using ICD-9 codes (see Supplementary Table S2), while nursing facility use was 

identified using Current Procedural Terminology (CPT) codes 99304–99310, 99315, 99316, 

or 99318. Nursing facility use was considered exclusionary because fall risk among nursing 

home residents differs significantly from that community-dwelling elders.25 Comorbid 

depression and/or anxiety were not considered exclusionary, as TCAs/GABA-analogs are 

commonly used to treat these disorders and DPN simultaneously.26 These conditions were 

instead considered as covariates in the propensity model, since they could conceivably 

influence the likelihood of TCA/GABA-analog prescription.

For the non-user group, patients without prescriptions of TCAs/GABA-analogs were 

identified from the 130,298 individuals with diabetes and peripheral neuropathy in the years 

2008 to 2010. From these, we excluded any patients with a PDE record for TCAs/GABA-

analogs in the years 2008 to 2010. The resultant 93,345 patients were randomly assigned an 

index month/year matching the month/year distribution of the TCA/GABA-analog users. 

The 15th of the month was assigned as the index date for each non-user. Once an index date 
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was assigned, the same inclusion/exclusion criteria for patients receiving TCAs/GABA-

analogs were applied to identify eligible individuals without such prescriptions (N=22,200).

Propensity Matching.

To ensure comparability, a propensity score for receiving TCA/GABA-analog prescription 

was generated using two logistic regression models stratified by fall history, as determined 

by claims from the previous year listing ICD-9-CM codes for non-sports-related accidental 

falls. Within each model, we utilized greedy matching techniques based on propensity score 

to match each user with a non-user.27 Covariates considered for the propensity models were 

age, gender, ethnicity, insulin or opioid use in the previous year (to approximate severity of 

diabetes and pain, respectively), uncontrolled or complicated diabetes, anxiety, and 

depression. Demographic information was obtained from Medicare beneficiary summary 

files, while insulin and opioid use were both determined using PDE records. Uncontrolled or 

complicated diabetes, anxiety, and depression were defined based on the presence of 1 

inpatient (MedPAR) claim or 2 OutSAF or Carrier claims separated by at least 30 days 

during the prior year. The ICD-9 codes used can be found in Supplementary Table S2.

Covariates.

To account for coexisting risk factors, our multivariable model adjusts for known risk factors 

for falls and fractures.28 These covariates were included in the multivariable model instead 

of the propensity model, because they indicate other reasons why the patient would be prone 

to falls and fractures. In contrast, variables included in the propensity model are more apt to 

impact the likelihood of TCA/GABA-analog prescription. The use of sulfonylureas, 

hypertension medications, or any potentially inappropriate medication (according to Beers 

criteria, see supplementary table S3)29 were identified using PDE records for the year prior 

to the index date. Visual impairment and related disorders, hearing impairment and related 

disorders, urinary incontinence, hypotension, and hypoglycemia occurrence were each 

identified using either 1 inpatient MedPAR claim or 2 OutSAF or Carrier claims with at least 

30 days separation in the year prior to the index date; ICD-9 codes used can be found in 

Supplementary Table S2. For the multiple chronic conditions variable, we used a list 

developed by the US Department of Health and Human Services. Of these twenty common 

conditions, fifteen are common in Medicare population; therefore, CMS has developed 

algorithms for identifying them in addition to making them available in CCW data. Since 1) 

hypertension medication was included as one of the covariates, 2) users and non-users were 

matched on depression, and 3) all patients had diabetes, only the following were considered 

for the multiple chronic conditions variable: atrial fibrillation, chronic obstructive pulmonary 

disease, heart failure, ischemic heart disease, osteoporosis, stroke, asthma, hyperlipidemia, 

and cancer. Given their association with fall risk,28 the chronic conditions arthritis and 

Alzheimer’s disease or dementia were both considered separately. Additionally, chronic 

kidney disease was considered separately since kidney function is important for gabapentin 

excretion.30 All conditions in the combined variable were weighted equally.

Study Outcomes.

The primary outcomes of this study are the first event of fall as any diagnosis and the first 

event of fracture as a primary diagnosis after the index date (see Supplementary Table S2 for 
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ICD-9-CM codes). Patients were censored at death, loss of Medicare coverage, end of study 

(5 years after the index date or December 31, 2014), or change in TCA/GABA-analog 

exposure status. TCA/GABA-analog users were censored upon ‘unexposure’, defined as the 

end of TCA/GABA-analog supply from the final prescription between 2008 and 2014. Non-

users were censored upon exposure to TCAs/GABA-analogs, defined as the date of initial 

TCA/GABA-analog prescription.

Statistical Analysis.

The balance of covariates between the two groups before and after propensity matching was 

compared using t-tests and Chi-square tests. The unadjusted event (fall or fracture) rates for 

both groups were estimated using the Kaplan-Meier method and compared by log-rank test. 

Frailty models were used to account for the clustering within each propensity-matched pair 

of patients to estimate the risk of falls/fractures while adjusting for conditions outlined in 

Table 1.31 To address the potential for selection bias resulting from censoring of patients 

who switched groups in the conventional analysis, a separate analysis treating TCA/GABA-

analog use as a time-dependent covariate was also conducted. In this analysis, users were 

switched to the non-user group seven days after the end of TCA/GABA-analog supply, to 

allow adequate washout. Non-users were switched to the user group upon TCA/GABA-

analog prescription. All analyses were performed with SAS version 9.4 (SAS Inc., Cary, 

NC). Hypothesis tests used were two-sided and P values were considered significant at 

P<.05.

RESULTS

Our study cohort included 5,550 and 22,200 patients with and without TCA/GABA-analog 

prescriptions in 2008–2010, respectively. Before propensity matching, several significant 

differences existed between users and non-users, but afterwards these covariates were 

comparable (Table 2). It should be noted that the two groups differed widely regarding 

hypothesized fall risk factors (Table 3). TCA/GABA-analog users were more likely to use 

sulfonylureas, hypertension medications, and potentially inappropriate medications 

according to Beers criteria (see Supplementary Table S3). They were also more likely to 

have osteoarthritis or rheumatoid arthritis or additional chronic diseases, but less likely to 

have Alzheimer’s disease or dementia. Additionally, users were more likely to have hearing 

impairment and more chronic conditions.

Unadjusted event rates for study outcomes are presented in Figure 2. Overall, TCA/GABA-

analog users and non-users exhibited significant differences in both fall (p<.001) and 

fracture incidence (p=.005), with TCA/GABA-analog users being more likely to experience 

these events. Additionally, Supplementary Tables S4 and S5 detail the yearly unadjusted risk 

of fall and fracture, respectively, associated with each covariate. Table 3 lists estimated risks 

of fall or fracture associated with each covariate in our frailty models after adjusting for 

other covariates.

In the conventional analysis, TCA/GABA-analog use was associated with increased fall risk 

(adjusted HR 1.11, 95% CI 1.03–1.20) but not with fracture risk (HR: 1.09, 95% CI 0.99–

1.19). However, given the large number of users censored due to end of supply 
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(Supplementary Table S6), we conducted an additional analysis where TCA/GABA-analog 

use was treated as a time-dependent variable. In this analysis, the numbers of users and 

nonusers at risk for each outcome during each follow-up year were similar (Supplementary 

Table S7), and we found a stronger association between TCA/GABA-analog use and the 

study outcomes (Table 3). The adjusted HR for fall was 1.26, 95% CI 1.17–1.36; for 

fracture, it was 1.12, 95% CI 1.02–1.24.

Hypoglycemia was primarily associated with increased risk of fracture (adjusted HR 1.38, 

95% CI 1.16–1.64), while Alzheimer’s disease and other dementias were primarily 

associated with increased fall risk (adjusted HR 1.36, 95% CI 1.25–1.48). Arthritic 

conditions contributed similarly to both fall and fracture risk (adjusted HR 1.27, 95% CI 

1.17–1.37, and adjusted HR 1.27, 95% CI 1.15–1.39, respectively), as did the use of 

potentially inappropriate medication (adjusted HR 1.11, 95% CI 1.04–1.19, and adjusted HR 

1.12, 95% CI 1.03–1.22, respectively). Increasing multimorbidity resulted in the greatest 

risk of falls and fractures. TCA/GABA-analog use did not significantly contribute to either 

fracture as any diagnosis or fracture hospitalization (adjusted HR 1.09, 95% CI 0.99–1.20, 

and adjusted HR 1.03, 95% CI 0.87–1.22, respectively, see Supplementary Table S8).

DISCUSSION

Using a large national sample of older DPN patients enrolled in Medicare Part D and 

matched based on propensity for anticonvulsant prescription, we found that TCA/GABA-

analog use is associated with a statistically significant increases in the incidence of both falls 

and fractures. To the authors’ knowledge, this study represents the first largescale 

investigation of fall risk in older DPN patients based on TCA/GABA-analog use. 

Additionally, our use of both conventional and time-dependent analyses illustrates the 

importance of using time-dependent analysis for this type of study. This importance arises 

from the fact that time-dependent analysis maximizes the person-time available for analysis 

by minimizing censorship. Less censorship equates to more data points to analyze, thus 

resulting in a more accurate analysis.

Our findings of an association between increased fall risk in Alzheimer’s disease and other 

dementias, arthritic conditions, hypoglycemia, and multimorbidity add external validity to 

our findings.32–34 It is important to note that the associated 26% increase in fall risk for 

TCA/GABA-analog users is more than double that which is attributable to use of 

medications on the Beers list, which are widely recognized as contributory to fall risk.
29, 35, 36 Unfortunately, while alternatives exist for many Beers list medications, neuropathic 

pain treatment alternatives that are not associated with increased fall risk are currently 

unavailable.29, 37, 38

Our results fall within the range of results observed in previous studies of fall and fracture 

risk with TCA use. These studies have produced estimates of fall risk associated with TCA 

use that are highly variable, largely due to differences in study populations. Identified 

studies finding no increased risk of fall with TCA use either examined a younger population 

or concerned recurrent falls.39, 40 In contrast, studies in older hospitalized populations 

suggest that TCA users are up to 2.4 times as likely to fall as non-users.41, 42 In a population 
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more similar to the one examined here, meta-analysis demonstrated a 51% increase in fall 

risk with TCA use.43 Our estimate is more modest than this value, perhaps due to 

unmeasured confounders.

Estimates of fracture risk, particularly hip fracture risk, associated with TCA use are 

consistently increased in the older population.44–46 One study examining a large prospective 

cohort of older women demonstrated that the risk of any fracture increases by 30% with 

TCA use.44 A recent meta-analysis demonstrated a 70% increase in risk of hip fracture with 

TCA use.38 These estimates exceed those obtained in this study. We hypothesize that this 

may result from the increased fall risk associated with painful DPN.47

Given the known risk of fall associated with TCA/GABA-analog use, it is possible that the 

associated increase in fall risk in TCA/GABA-analog users was artifactual, given more 

diligent monitoring and increased reporting of minor falls. This prompted further 

investigation into fall severity – if the primary diagnoses associated with falls were similar 

between groups, minor falls were likely to be similarly reported between groups. As 

illustrated in Supplementary Table S9, primary diagnoses associated with fall were similar 

between groups, thus supporting the validity of our findings.

Our findings are vulnerable to bias, as Medicare data does not indicate DPN severity. 

However, we believe it is unlikely that neuropathy severity differed between groups, given 

the similarity of diabetes severity proxies.

Our study has several limitations. Importantly, one cannot dissect the effects of neuropathy 

symptoms from those of TCAs/GABA-analogs. Claims data cannot be used to determine 

whether a fall or fracture resulted from neuropathic pain or TCA/GABA-analog side effects. 

Additionally, as shown in Supplementary Table S1, the number of TCA users was limited; 

this precluded individual analyses on TCAs and GABA-analogs to determine which drug, if 

any, has a preferable safety profile. Observed differences in fall risk factors also raise 

concern regarding unmeasured confounders.

It is also important to note limitations inherent to studies employing Medicare claims data. 

For example, the ICD-9 coding used to define DPN status simply indicates that the patient 

had Type 2 or unspecified diabetes with neurological manifestation; the location of the 

neuropathy is not indicated. However, distal symmetric polyneuropathy of the feet is the 

most common initial neurological manifestation of diabetes,48 so our mode of classification 

is likely to be accurate. Additionally, the terminology in ICD-9 codes reflects clinical 

judgment rather than a distinct definition. For example, no exact definitions are provided for 

diabetes control, uncontrolled or complicated diabetes, or diabetes status. Our analysis was 

also restricted to older DPN patients with complete parts A, B, and D Medicare enrollment, 

meaning our results may not be applicable to the older DPN patient population as a whole. It 

is also important to note that falls are underreported and undercoded, meaning that our 

results most likely underestimate fall incidence.49, 50 One also cannot determine prescription 

adherence from claims data; it is only possible to determine whether a prescription was 

filled. Additionally, extreme variability in drug dosing precludes its analysis. Lastly, since 
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data is only available once a patient turns 65, accurate information on diabetes duration is 

not available, precluding its use as a covariate.

Our findings raise the question of whether the TCAs/GABA-analogs examined should be 

added to the Beers criteria as potentially inappropriate medications for patients with DPN. 

Although we believe our findings indicate excessive risk, we believe additional evidence 

confirming our findings is necessary before adding TCAs/GABA-analogs to the Beers 

criteria.

In conclusion, most covariates we identified as contributory to fall and fracture risk are 

chronic conditions that can only be treated symptomatically. However, three of the 

covariates – Beers list medication use, hypoglycemia, and TCA/GABA-analog use – are 

potentially avoidable, and can be targeted to reduce fall and fracture risk in older DPN 

patients. Substitutions for Beers list medications that reduce risk of fall and fracture have 

been previously identified in the literature.29 Furthermore, hypoglycemia can be prevented 

by avoiding insulin and insulin secretagogues.51 In contrast, the risk associated with TCA/

GABA-analog use cannot be circumvented easily, as the primary alternatives – opioids and 

duloxetine – are similarly problematic in regards to fall and fracture risk.29, 37 Therefore, our 

results suggest a significant need in the older DPN patient population – a pain management 

solution that will not contribute to falls in a patient group that is already predisposed to 

balance issues.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Impact Statement:

We certify that this work is novel. To the authors’ knowledge, this work represents the 

first assessment of fall and fracture risk associated with the use of GABA-analogs or 

TCAs in older patients with diabetic peripheral neuropathy. This has clear clinical 

implications because use of these medications is a potentially modifiable risk factor for 

falls and fractures. Therefore, our findings suggest that these medications should only be 

prescribed after a careful assessment of fall risk, and that they should be promptly 

discontinued if deemed ineffective.
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Figure 1. STROBE diagram for selection of TCA/GABA-analog users and non-users.
aICD-9 codes for peripheral neuropathy: 250.60 and 250.62. bIn order to keep as many 

controls as possible, all subjects in the previous step were assigned January 2008 as the 

index date. Then the selection criteria were applied to identify eligible subjects. Controls 

needed for that month were then randomly selected from the eligible subjects. This process 

was repeated 35 more times for all the months from February 2008 to December 2010.
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Figure 2. Time to the first outcome event for TCA/GABA-analog users (User=Y) and their 
matched non-users (User=N).
A. Fracture. There was a significant difference between the users and non-users (p=0.005, 

Log-rank test). B. Fall. There was a significant difference between the users and non-users 

(p<0. 001, Log-rank test).
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