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Plain language summary 

Does cumulative muscle relaxant exposure increase the risk of incident frailty among 
patients with diabetic kidney disease?

Background: Frailty denotes a degenerative feature that adversely influences one’s 
survival and daily function. Patients with diabetes and chronic kidney disease are at a 
higher risk of developing frailty, but whether concurrent medications, especially muscle 
relaxants, aggravate this risk remains undefined. 
Methods: In this population-based study including 11,637 muscle relaxant users and 
matched never-users with diabetic kidney disease, we used a renowned frailty-assessing 
tool, FRAIL scale, to assess frailty severity and examined the incidence of frailty brought 
by muscle relaxant exposure. 
Results: We found that users exhibited a 26% higher risk of developing incident frailty 
compared with never-users, and the probability increased further if users were prescribed 
higher doses or longer durations of muscle relaxants. 

Muscle relaxant use and the associated risk 
of incident frailty in patients with diabetic 
kidney disease: a longitudinal cohort study
Szu-Ying Lee, Jui Wang, Hung-Bin Tsai, Chia-Ter Chao , Kuo-Liong Chien and  
Jenq-Wen Huang

Abstract
Background: Patients with diabetic kidney disease (DKD) are at an increased risk of frailty. 
The exposure to muscle relaxants frequently leads to adverse effects despite their modest 
therapeutic efficacy, but whether muscle relaxants predispose users to frailty remains 
unclear.
Methods: Patients with DKD from a population-based cohort, the Longitudinal Cohort of 
Diabetes Patients, were identified between 2004 and 2011 (N = 840,000). Muscle relaxant users 
were propensity score-matched to never-users in a 1:1 ratio based on demographic features, 
comorbidities, outcome-relevant medications, and prior major interventions. Incident frailty, 
the study endpoint, was measured according to a modified FRAIL scale. We used Kaplan–
Meier analyses and Cox proportional hazard regression to analyze the association between 
cumulative muscle relaxant use (⩾ 28 days) and the risk of incident frailty.
Results: Totally, 11,637 users and matched never-users were enrolled, without significant 
differences regarding baseline clinical features. Cox proportional hazard regression showed 
that patients with DKD and received muscle relaxants had a significantly higher risk of 
incident frailty than never-users [hazard ratio (HR) 1.26, 95% confidence interval (CI) 1.04–
1.53]. This increase in frailty risk paralleled that in cumulative muscle relaxant dosages 
(quartile 1 versus 2 versus 3 versus 4, HR 0.91 versus 1.22 versus 1.38 versus 1.45, p = 0.0013 
for trend) and in exposure durations (quartile 1 versus 2 versus 3 versus 4, HR 1.12 versus 1.33 
versus 1.23 versus 1.34, p = 0.0145 for trend) of muscle relaxants.
Conclusion: We found that cumulative muscle relaxant exposure might increase frailty risk. It 
is prudent to limit muscle relaxant prescription in patients with DKD.
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Conclusion: We concluded that in those with diabetic kidney disease, cumulative muscle 
relaxant use was associated with a higher risk of incident frailty, suggesting that moderation 
of muscle relaxant use in this population can be of potential importance.

Keywords: chronic kidney disease, diabetes mellitus, diabetic kidney disease, frailty, frailty 
phenotype, mortality, muscle relaxant
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Introduction
Frailty, a degenerative syndrome characterized by 
the accumulation of subclinical deficits across 
multiple domains accompanying chronological or 
biological aging, emerges as an important public 
health concern worldwide.1 Exhibiting the frailty 
phenotype predisposes older adults to an 
increased risk of functional impairment, disabil-
ity, hospitalization/institutionalization, and mor-
tality in the long run.2 Similar influences can be 
found in populations with disease-associated 
accelerated aging, such as those with diabetes 
mellitus (DM), chronic kidney disease (CKD), 
and diabetic kidney disease (DKD). Indeed, cli-
nicians in endocrinology and nephrology fields 
increasingly recognize that the incidence of frailty 
rises evidently in patients with DM and CKD, 
among whom the presence of frailty introduces 
adverse functional and overall outcomes.3,4 From 
this perspective, a prompt detection of frailty and 
the reduction/amelioration of risk factors associ-
ated with frailty assumes priority during both 
geriatric care and potentially specialty-based care.

A substantial heterogeneity in the incidence of 
frailty has been observed in at-risk populations, 
including those with DM and CKD, and this var-
iation likely results from an inadequate under-
standing of under-recognized risk factors.5 A 
prior review identified multiple non-conventional 
risk factors for CKD-associated frailty, including 
dialysis-related vascular access types, education 
status, and serum testosterone levels;6 diabetic 
complications and the status of glycemic control 
also influenced the risk and severity of 
DM-associated frailty.7 We previously discovered 
that gustatory dysfunction and subclinical vascu-
lar morbidities could be potential modifiers of the 
risk of frailty among older adults with and with-
out CKD.8,9 Polypharmacy is also a putative con-
tributor to frailty; however, very few studies 
currently evaluate the risk of frailty introduced by 
specific medication type(s).

Muscle relaxants are a heterogenous class of med-
ications frequently harnessed to treat musculo-
skeletal conditions, including but not limited to 
truncal or limb physical pain, headache of various 
etiologies, and myofascial pain syndrome.10 They 
serve as a useful adjunct to acetaminophen or 
non-steroidal anti-inflammatory drugs (NSAIDs) 
for the management of discomfort with a muscu-
loskeletal origin. Prior studies disclosed that mus-
cle relaxants were more likely to be prescribed for 
relieving back pain compared with NSAIDs or 
cyclo-oxygenase-2 inhibitors,11 supporting their 
popularity among physicians who treated related 
discomfort; however, their adverse effects are less 
commonly appreciated by prescribers. A meta-
analysis of 30 trials involving muscle relaxants 
identified that their exposure was associated with 
a doubled risk of central nervous system distur-
bance compared with non-users,12 and the risk 
might increase with a longer duration of expo-
sure. Furthermore, it has been shown that cogni-
tive impairment and physical frailty share 
common pathogenic machineries,13 and subjec-
tive cognitive decline is pinpointed as an inde-
pendent predictor of  frailty.14 These scenarios 
are expected to be more frequent in patients with 
DKD, which increases the susceptibility to frailty. 
Consequently, we hypothesized that muscle 
relaxant exposure, when prolonged, in patients 
with DKD might place them at risk of developing 
incident frailty. We then utilized a population-
based cohort of diabetic patients with CKD to 
test and verify this hypothesis.

Methods

Identification of study participants and the 
enrollment procedure
The current study was performed based on enroll-
ees assembled from the Longitudinal Cohort of 
Diabetes Patients (LCDP), a population-based 
cohort receiving prolonged follow-up using the 
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claim dataset. We identified those recruited 
between 2004 and 2011, and imposed a stringent 
criterion for recognizing DM by requiring ⩾3 
times of out-patient diagnosis or ⩾1 time of in-
patient diagnosis.15 Those with DKD were further 
extracted from diabetic participants by excluding 
those without a CKD diagnosis prior to enroll-
ment. Exclusion criteria included pediatric patients 
(age ⩽20 years), those with missing demographic 
data, and those with the outcome of interest 
(frailty) prior to the index date, defined according 
to the date when participants satisfied both the 
diagnosis of DM and CKD. Clinical variables, 
including demographic data, lifestyle factors, 
comorbidities, and treatment variables, were 
recorded from all enrollees prior to the index date. 
Comorbidities were identified if the diagnosis was 
made prior to the index date. Treatment variables 
were defined according to procedure codes within 
1 year prior to the index date. For relevant medica-
tions, we defined users as those having at least one 
prescription record between the index date and the 
end of follow-up or the development of outcomes. 
To allow an adequate period for baseline data 
ascertainment and for observation of outcome 
development, we further excluded those with an 
index date prior to 1 January 2004 or those starting 
their follow-up after 31 December 2010.

Participants with DKD subsequently underwent 
selection according to whether they received 
cumulative muscle relaxants exposure. Users 
were propensity score-matched to those who did 
not receive any muscle relaxants throughout the 
study period, in a 1:1 ratio, based on demographic 
features (age, sex, lifestyle factors, comorbidities, 
medications, prior major interventions, and the 
number of FRAIL variables). Users and never-
users were prospectively followed up until the 
development of frailty (the outcome of interest), 
death, or 31 December 2011, whichever occurred 
first. In our cohort established based on the 
LCDP database retrospectively, participants were 
continuously followed up during the study period.

Ascertainment of muscle relaxant exposure
The types of muscle relaxants identified in this 
study were based on the existing literature, 
including anti-spasmodic benzodiazepines and 
non-benzodiazepines, as well as anti-spasticity 
agents (Supplemental Table online).16 Several 
types of anti-spasmodic benzodiazepines and 
non-benzodiazepines were unavailable in Taiwan 

(cinolazepam, flutoprazepam, halazepam, keta-
zolam, loprazolam, pinazepam, quazepam, tetraz-
epam, and metaxalone) and therefore were 
unselected. We defined cumulative muscle relax-
ant use as those who consumed at least one type 
of medicine for ⩾28 days within the preceding 
year of the index date, a strategy utilized by other 
pharmacoepidemiology studies.17,18

Frailty as the primary outcome of interest
We assessed frailty based on modifications of the 
FRAIL scale to screen for frailty among study par-
ticipants, using the operational criteria described 
previously.4,19,20 In brief, there are five compo-
nents in the original FRAIL scale (Fatigue, 
Resistance, Ambulation, Illness, and Loss of body 
weight).21 The component of Fatigue is ascer-
tained based on patients’ self-report experience of 
chronic fatigability, while Resistance is deemed 
positive if patients are unable to climb at least 10 
steps without resting. The component of 
Ambulation is deemed positive if patients are una-
ble to walk several hundred yards alone. The com-
ponent of Illness is recognized if patients have at 
least five out of 11 comorbidities, while the com-
ponent of Loss of weight becomes positive if 
patients have at least 5% of weight loss within 
1 year. We operationalized each of these compo-
nents using close morbidities and phenotypes 
available from our dataset based on diagnostic 
code combinations available from the LCDP 
database, due to the fact that the LCDP database 
did not contain interview information, physical 
examination or laboratory data. The exact codes 
harnessed to operationalize each component of 
the FRAIL scale have been delineated in our prior 
work.19 These codes are selected after a rigorous 
process of extensive literature review followed by 
rounds of expert meeting and consensus reach-
ing.19 This approach has been adopted repetitively 
in the existing literature.4,19,20

According to the original construct, those with 
⩾3 out of the five components were deemed 
frail, while those with <3 components were 
considered non-frail. The results of FRAIL 
scale have been shown to correlate closely with 
those of other established frailty-screening 
instruments such as Cardiovascular Health 
Study scale and frailty index,22,23 and a greater 
severity of FRAIL-identified frailty predicts a 
significantly increased risk of incident disability 
and mortality. The applicability of FRAIL scale 
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has also been tested and validated in a popula-
tion with similar ethnicity and in patients with 
DM and/or CKD.24,25

Statistical analysis
For continuous variables, we described them in 
means with standard deviations and compared 
results between two groups by the Student’s t-test. 
Categorical variables were described in numbers 
with percentages, and compared between groups 
by the Chi-square test. After identifying muscle 
relaxant users and propensity score-matched 
never-users, we first compared the clinical fea-
tures, including demographic profiles, comorbidi-
ties, severity of DM, relevant medications, and 
prior treatment variables between these two 
groups. We also compared the baseline FRAIL 
component count and prevalence between groups. 
Subsequently, we used Kaplan–Meier analyses 
and Cox proportional hazard regression models to 
examine the relationship between cumulative 
muscle relaxant use and the risk of incident frailty, 
incorporating variables outlined above. We also 
analyzed the dose- and duration-dependent effect 
of muscle relaxant use on the risk of frailty in these 
participants. The association between different 
subtypes of muscle relaxants and the risk of inci-
dent frailty was examined as well. Several sensitiv-
ity analyses were arranged. First, we performed 
another Cox regression analysis to account for the 
influences of other muscle relaxant indications 
[muscular disorders including muscle cramping; 
International Classification of Diseases 9th ver-
sion – Clinical Modification (ICD-9-CM) code 
728.xx] and any opioid use.26 In addition, we fur-
ther examined the risk of frail severity transition 
according to the baseline frailty status; that is, we 
analyzed the risk of turning frail among partici-
pants who were robust (no FRAIL component) or 
pre-frail (1 – 2 FRAIL components), and the risk 
of turning pre-frail among participants who were 
robust, using multiple logistic regression. Another 
analysis was arranged to evaluate the relationship 
between muscle relaxant use and overall survival. 
For all statistical analyses, STATA version 14 
(Stata Corp., College Station, TX, USA) was 
used. A p value lower than 0.05 was deemed sta-
tistically significant.

Ethics statement
The protocol of this study was approved by the 
institutional review board of National Taiwan 

University Hospital (NO. 201802063W) as a 
subanalysis. The implementation of this study 
adhered to the Declaration of Helsinki. Informed 
consent was deemed unnecessary by the review 
board, since all data from the current dataset 
were anonymized prior to being collected and 
analyzed.

Results
During the study period, totally 840,000 patients 
with at least one time of DM diagnosis were iden-
tified; after applying the exclusion criteria out-
lined in Figure 1, we included 157,466 patients 
with DKD for further analysis. Among these 
patients, we further selected those who were 
chronic muscle relaxant users (n = 41,448) and 
those who had never received prescriptions of 
muscle relaxants (n = 33,586) (Figure 1), fol-
lowed by a propensity score-matching process 
between users and never-users, yielding 11,637 
cases and matched controls. There were no sig-
nificant differences between muscle relaxant users 
and never-users with regard to their demographic 
features, lifestyle factors, comorbidity profiles 
and Charlson comorbidity indices, diabetic sever-
ity (using the adapted Diabetes Complications 
Severity Index27), medications (anti-diabetic ones 
and others), or prior major procedures (Table 1).

We also compared the prevalence and number 
of positive FRAIL components between muscle 
relaxant users and never-users (Table 2). There 
was no significant difference between users and 
never-users regarding the proportion of partici-
pants without and with 1, 2 FRAIL compo-
nents, as well as the proportion of having each 
positive component, except the Illness compo-
nent (Table 2).

We subsequently evaluated the association 
between muscle relaxant use and the risk of 
developing incident frailty, after a mean 
2.53 years of follow-up with a frailty incidence 
rate of 1.84%. Among 23,274 muscle relaxant 
users and matched never-users with DKD, the 
former exhibited a trend of higher incident frailty 
compared with the latter. Cox proportional haz-
ard regression showed that muscle relaxant users 
with DKD had a significantly higher risk of 
developing frailty than never-users [hazard ratio 
(HR) 1.26, 95% confidence interval (CI) 1.04–
1.53], independent of all clinical variables and 
FRAIL component prevalence/numbers (Table 
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Figure 1. The algorithm of participant selection in this study.
CKD, chronic kidney disease.

Table 1. Characteristics of patients with diabetic kidney disease receiving muscle relaxants and matched 
never-users.

Users
n = 11,637

Never-users
n = 11,637)

p-value

Demographic profile

 Age, years 66.3 ± 14.6 66.7 ± 15.6 0.065

 Median (IQR) 67.6 (23.1) 68.3 (24.3)  

 Sex (female %) 4920 (42.3) 4870 (41.9) 0.507

Lifestyle factors

 Smoking (%) 85 (0.7) 87 (0.8) 0.878

 Alcoholism (%) 167 (1.4) 167 (1.4) 1.000

 Obesity (%) 168 (1.4) 167 (1.4) 0.956

 CCI 4.2 ± 2.5 4.2 ± 2.6 0.506

Comorbidity

 Hypertension (%) 9042 (77.7) 9110 (78.3) 0.282

 Diabetic severity* 1.2 ± 1.4 1.2 ± 1.5 0.710

 Hyperlipidemia (%) 5324 (45.8) 5265 (45.2) 0.437

(Continued)
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Users
n = 11,637

Never-users
n = 11,637)

p-value

 Acute coronary syndrome (%) 3993 (34.3) 4048 (34.8) 0.448

 Atrial fibrillation (%) 2408 (20.7) 2406 (20.7) 0.974

 Peripheral vascular disease (%) 563 (4.8) 559 (4.8) 0.903

 Cerebrovascular disease (%) 3917 (33.7) 4004 (34.4) 0.229

 Heart failure (%) 2147 (18.5) 2146 (18.4) 0.987

 Chronic obstructive pulmonary disease (%) 2807 (24.1) 2804 (24.1) 0.963

 Malignancy (%) 1678 (14.4) 1743 (15.0) 0.229

 Chronic liver disease (%) 4302 (37.0) 4275 (36.7) 0.714

 Stage 5 CKD (%) 381 (3.3) 395 (3.4) 0.609

 Parkinsonism (%) 632 (5.4) 601 (5.2) 0.364

 Mental disorders (%) 2465 (21.2) 2352 (20.2) 0.068

 Osteoarthritis (any site) (%) 4878 (41.9) 4880 (41.9) 0.979

 Gout (%) 3415 (29.4) 3400 (29.2) 0.829

 Hypoglycemia events (%) 85 (0.7) 87 (0.8) 0.878

Relevant medications

 Aspirin (%) 3581 (30.8) 3601 (30.9) 0.777

 β-blockers (%) 3956 (34.0) 3989 (34.3) 0.648

 ACEi (%) 2751 (23.6) 2741 (23.6) 0.877

 ARB (%) 4310 (37.0) 4262 (36.6) 0.514

 Clopidogrel (%) 710 (6.1) 733 (6.3) 0.532

 Statin (%) 3663 (31.5) 3691 (31.7) 0.693

 Fibrate (%) 1546 (13.3) 1524 (13.1) 0.670

 Allopurinol (%) 536 (4.6) 569 (4.9) 0.309

 NSAID (%) 8311 (71.4) 8339 (71.7) 0.684

 COX-II inhibitor (%) 2040 (17.5) 2082 (17.9) 0.471

 Warfarin (%) 279 (2.4) 280 (2.4) 0.966

 Benzodiazepine (%) 2090 (18.0) 2056 (17.7) 0.560

 Anti-depressants (%) 1216 (10.5) 1248 (10.7) 0.495

 Anti-psychotics (%) 1908 (16.4) 1896 (16.3) 0.832

(Continued)

Table 1. (continued)
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Table 2. FRAIL components depending upon muscle relaxant use or not.

Users
n = 11,637

Never-users
n = 11,637

p-value

Component

 Fatigue (%) 2306 (19.8) 2288 (19.7) 0.767

 Resistance (%) 171 (1.5) 168 (1.4) 0.870

 Ambulation (%) 121 (1.0) 137 (1.2) 0.317

 Illness (%) 8562 (73.6) 8718 (74.9) 0.019

 Loss of weight (%) 304 (2.6) 310 (2.7) 0.806

Number of components at baseline 0.058

 0 2536 (21.8) 2390 (20.5)  

 1 6738 (57.9) 6873 (59.1)  

 2 2363 (20.3) 2374 (20.4)  

FRAIL, Fatigue, Resistance, Ambulation, Illness, and Loss of body weight.

Users
n = 11,637

Never-users
n = 11,637)

p-value

Anti-diabetic agents

 Biguanide (%) 4766 (41.0) 4622 (39.7) 0.054

 Sulfonylurea (%) 4443 (38.2) 4386 (37.7) 0.441

 Insulin (%) 1406 (12.1) 1405 (12.1) 0.984

 α-glucosidase inhibitor (%) 1330 (11.4) 1280 (11.0) 0.299

 Meglitinide (%) 1104 (9.5) 1151 (9.9) 0.298

 Thiazolidinedione (%) 859 (7.4) 804 (6.9) 0.162

 DPP4 inhibitors (%) 890 (7.7) 867 (7.5) 0.568

Prior major procedures

 Coronary revascularization (%) 215 (1.9) 223 (1.9) 0.700

 Cardiac surgery (any) (%) 350 (3.0) 354 (3.0) 0.878

Any hospitalization (%) 7211 (62.0) 7275 (62.5) 0.387

*Based on the adapted Diabetes Complications Severity Index.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCI, Charlson Comorbidity Index; CKD, 
chronic kidney disease; COX, cyclo-oxygenase; IQR, interquartile range; NSAID, non-steroidal anti-inflammatory drug.

Table 1. (continued)

https://journals.sagepub.com/home/taw


8 journals.sagepub.com/home/taw

Therapeutic Advances in Drug Safety 12

3). If we divided the users’ cumulative dose into 
quartiles, higher doses of muscle relaxant use 
were accompanied by a progressively rising risk 
of incident frailty (quartile 1 versus 2 versus 3 ver-
sus 4, HR 0.91 versus 1.22 versus 1.38 versus 1.45 
compared with never-users, p = 0.0013 for trend) 
(Table 3). A similar phenomenon was observed 
if we divided the duration of exposure into quar-
tiles (1 versus 2 versus 3 versus 4, HR 1.12 versus 
1.33 versus 1.23 versus 1.34 compared with 
never-users, p = 0.0145 for trend) (Table 3). If 
we analyzed the risk according to subtypes of 
muscle relaxants, anti-spasmodic benzodiaz-
epines and anti-spasticity agent users exhibited a 
significantly higher risk of frailty compared with 
never-users, while anti-spasmodic non-benzodi-
azepines did not (Table 3). Sensitivity analyses 
additionally adjusting for muscular disorders (the 
indication of muscle relaxant use) and opioid use 
still identified a significant association between 
muscle relaxant use and the risk of frailty in 
these patients (HR 1.28, 95% CI 1.05–1.55) 
(Table 3). Muscle relaxant users who were 
robust prior to the index date had a significantly 
higher risk of turning pre-frail compared with 
non-users [odds ratio (OR) 1.18, 95% CI 1.02–
1.35] (Table 4). However, the risk of turning 
frail among users who were robust (OR 1.69, 
95% CI 0.51–5.62) and pre-frail (OR 1.15, 95% 
CI 0.94–1.4) compared with non-users was 
insignificant, owing to low event numbers (Table 
4). Finally, analyses addressing the association 
between muscle relaxant use and mortality 
showed that users were at a higher risk of mortal-
ity than never-users (p < 0.01) (Figure 2), and 
Cox proportional hazard regression revealed the 
same findings (HR 1.15, 95% CI 1.10–1.20). 
We also compared the median time to frailty 
development between muscle relaxant users and 
non-users. The median time to frailty develop-
ment in users and non-users was 0.85 (0.23, 
1.81) and 0.74 (0.32, 1.86) years, respectively, 
without significant difference (p = 0.624).

We also analyzed data among study participants 
in both groups who developed frailty during fol-
low-up (n = 428), with regard to the proportion of 
having at least one FRAIL item during the period 
between the time of frailty development and the 
end of follow-up. We found that only 29.4% of 
frail patients subsequently did not have any 
FRAIL item during the post-event period, sug-
gesting that the rate of frailty reversal was rela-
tively low in this study.

Discussion
In this study, we conducted a population-based 
longitudinal study to examine the effect of muscle 
relaxant exposure on the risk of frailty among 
23,274 patients with DKD. Cumulative muscle 
relaxant use was significantly associated with an 
increased risk of incident frailty, and the relation-
ship became more prominent with longer duration 
of use and higher cumulative dosages. Based on our 
findings, it may be prudent to limit the prescrip-
tions of muscle relaxants in patients with DKD and 
at risk of frailty, preferably to a short-term basis 
only and using as lower dosages as possible.

According to a recent large-scale survey, the rate of 
prescribing skeletal muscle relaxant, regardless of 
purposes, nearly doubled between 2005 and 2016 
in United States;28 what is more worrisome is that 
the number of new prescriptions for muscle relax-
ant during the study period remained static, while 
the number of continued prescriptions tripled, 
suggesting that prolonged exposure to muscle 
relaxants becomes common. This is further com-
pounded by the high probability of opioid co-pre-
scription (~67%),28 which likely enhances the risk 
of adverse events associated with muscle relaxant 
use. Muscle relaxants have already been listed as a 
class of potentially inappropriate medication in the 
Beers list. Based on the literature results and our 
findings, the gradual increase in the global preva-
lence and incidence of frailty may be partially 
explained by the cumulative exposure to muscle 
relaxants among susceptible populations including 
those of advanced age and with DKD, although 
other factors can play a role as well.

There are several potential reasons responsible 
for the observed association between cumulative 
muscle relaxant exposure and a higher risk of 
frailty in this study. First of all, it is well estab-
lished that the receipt of muscle relaxants is asso-
ciated with dizziness, lightheadedness, and 
consciousness disturbance,10 all of which may 
elevate the risk of frailty through overlapping 
pathogenesis such as vascular insufficiency, hor-
monal alterations, chronic inflammation, and 
nutritional impairment.29 The frequent co-pre-
scription of muscle relaxants with other pain 
relievers, including opioids or their derivatives, 
also introduces side effects such as central nerv-
ous system suppression.30 This is particularly 
problematic in those with CKD; for example, 
baclofen confers a higher risk of encephalopathy 
in patients with CKD.31 In addition, the direct 
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Table 3. Risk of developing frailty according to muscle relaxant use depending upon the doses, durations of use, and subtypes.

Outcomes Events Person-
years

Incidence 
density*

Crude Model A‡ Model B#

HR 95% CI HR 95% CI HR 95% CI

Overall

 Never-users 202 30,069.51 6.72 1 – 1 – 1 –

 Users 226 28,755.47 7.86 1.17 0.97–1.41 1.26 1.04–1.53a 1.28 1.05–1.55a

Dose quartile

 Never-users 202 30,069.51 6.72 1 – 1 –  

 Quartile 1 35 8416.08 4.16 0.63 0.44–0.90a 0.91 0.63–1.31  

 Quartile 2 52 7347.05 7.08 1.06 0.78–1.44 1.22 0.90–1.66  

 Quartile 3 66 6902.27 9.56 1.40 1.06–1.85a 1.38 1.04–1.83a  

 Quartile 4 73 6090.07 11.99 1.74 1.33–2.27c 1.45 1.10–1.90b  

p for trend <0.0001 0.0013  

Duration quartile

 Never-users 202 30,069.51 6.72 1 – 1 –  

 Quartile 1 43 8347.16 5.15 0.79 0.57–1.09 1.12 0.80–1.56  

 Quartile 2 56 7394.53 7.57 1.13 0.84–1.52 1.33 0.99–1.80  

 Quartile 3 59 6842.17 8.62 1.26 0.94–1.68 1.23 0.92–1.65  

 Quartile 4 68 6171.61 11.02 1.59 1.21–2.10b 1.34 1.02–1.77a  

p for trend 0.0007 0.0145  

Anti-spasmodic benzodiazepines

 Never-users 133 20,746.54 6.41 1 – 1 –  

 Users 154 18,634.23 8.26 1.27 1.01–1.60a 1.36 1.07–1.72a  

Anti-spasmodic non-benzodiazepines

 Never-users 81 10,307.93 7.86 1 – 1 –  

 Users 82 10,547.71 7.77 0.999 0.74–1.36 1.15 0.83–1.59  

Anti-spasticity agents

 Never-users 14 2274.47 6.16 1 – 1 –  

 Users 33 2312.96 14.27 2.316 1.24–4.33b 2.12 1.02–4.43a  

ap < 0.05.
bp < 0.01.
cp < 0.001.
*Per 1000 patient-years.
‡Incorporating age/gender, lifestyle factors, all comorbidities, aDCSI, all medications, treatment variables, positive FRAIL component prevalences 
and numbers.
#Model A additionally adjusted for muscle cramping and the use of any opioid.
aDCSI, adapted Diabetes Complications Severity Index; CI, confidence interval; HR, hazard ratio.
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Table 4. Risk of frail severity transition according to muscle relaxant use.

Outcomes Events Population 
number

Incidence 
rate*

Crude Model A‡

Baseline robust status, turning pre-frail OR 95% CI OR 95% CI

 Never-users 605 2390 25.31 1 – 1 –

 Users 729 2536 28.75 1.19 1.05–1.35b 1.18 1.02–1.35a

Baseline robust status, turning frail

 Never-users 5 2390 0.21 1 – 1 –

 Users 9 2536 0.35 1.70 0.57–5.08 1.69 0.51–5.62

Baseline pre-frail status, turning frail

 Never-users 197 9247 2.13 1 – 1 –

 Users 217 9101 2.38 1.12 0.92–1.36 1.15 0.94–1.40

*Per 100 persons.
‡Incorporating age/gender, lifestyle factors, all comorbidities, adapted Diabetes Complications Severity Index, all 
medications, treatment variables, and frail severity transition variable.
a, p < 0.05; b, p < 0.01; CI, confidence interval; OR, odds ratio. 

Figure 2. Kaplan–Meier survival curves of muscle relaxant users and never-users (controls).

effect of therapeutic muscle relaxant use, the 
relief of painful skeletal muscle contraction, may 
simultaneously raise the probability of decreasing 
muscular activities involving uninflamed muscles. 
This unwanted phenomenon can lead to postural 
imbalances, functional impairment, and disability 
if prolonged neuromuscular weakness occurs.  

A recent study further shows that the use of mus-
cle relaxants potentially aggravates esophageal 
motility and causes ineffective swallowing;32 this 
phenomenon can compromise ones’ nutritional 
status and predispose them to frailty. Third, sev-
eral muscle relaxants, such as tizanidine, have 
been found to cause hemodynamic instability 
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Figure 3. An illustrative diagram depicting the plausible mechanisms between muscle relaxant exposure and 
incident frailty.

through their hypotensive effect,33 which is aug-
mented if combined with other cytochrome P450-
modifying medicines. Besides, chronic muscle 
relaxant use is associated with an increased risk of 
sensory dysfunction such as vision blurring.10 
Emerging studies discovered that certain muscle 
relaxants might pathologically increase acoustic 
reflex thresholds and render hearing apparatus 
vulnerable to noise, through weakening the stape-
dial muscle.34 The multi-pronged negative effects 
posed by muscle relaxants may account for the 
risk of frailty they bring. A brief summary of these 
plausible mechanisms is illustrated in Figure 3.

The risk of frailty associated with muscle relaxant 
use prompts the consideration of deprescribing 
these medications in vulnerable populations; 
however, this practice is uncommon and not eas-
ily achievable. Mechanical intervention and cog-
nitive motivational counseling have been found to 
be useful strategies to reduce muscle relaxant pre-
scriptions. It may also be useful to learn from 
other deprescribing approaches for similar pain-
relieving medications such as opioids, including 
physician re-education, guideline establishment, 
inter-disciplinary collaboration, et cetera.35

Our study has its strengths and weakness. The 
large size and population-based nature of our 

cohort as well as the balanced distribution of all 
clinical confounders render our findings unlikely 
to be biased. The spectrum of muscle relaxants 
identified in this study is comprehensive and 
encompasses all available types according to the 
literature. Our findings in patients with DKD 
have been rarely addressed before in the literature 
and are highly informative. However, several 
issues warrant consideration before interpreting 
our results. First, we did not include those with 
short-term muscle relaxant use (<28 days), and 
the influence of short-term muscle relaxant expo-
sure on the risk of frailty was unclear. Second, the 
mean follow-up duration of this cohort might not 
be long enough to permit an accurate estimation 
of long-term frailty risk. Moreover, the size of 
effect might vary depending on the population 
being tested. Third, the assessment of frailty was 
based on the operationalization of each FRAIL 
item using administrative code combinations 
instead of in-person examinations. Fourth, there 
might be un-identified factors that influenced our 
findings but were not collected by the LCDP 
database. The retrospective nature of this study 
might preclude us from drawing definite conclu-
sions. Finally, the incidence of frailty might alter 
if other frailty measurement strategies are 
adopted. More reports are needed in the future to 
verify our findings.
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Conclusion
In conclusion, using a population-based cohort 
of patients with DKD, we showed that cumula-
tive exposure to muscle relaxants might increase 
the risk of incident frailty, independent of con-
ventional frailty risk factors such as demographic 
profiles, morbidities, medications, and major 
therapeutic events. Longer durations and higher 
cumulative dosages significantly elevate the risk, 
supporting the biologic plausibility of the rela-
tionship between muscle relaxant use and frailty. 
Judging from our findings, it may be prudent for 
patients with DKD to decrease their chances of 
receiving muscle relaxants, in order to lessen 
their probability of developing frailty.

Acknowledgements
We are grateful to the Second Core Laboratory, 
Department of Medical Research of National 
Taiwan University Hospital and the National 
Taiwan University Center of Genomic and 
Precision Medicine for their technical input. 
Sponsors’ role: the sponsors have no role in the 
study design, data collection, analysis, and result 
interpretation of this study.

Author contributions
Study design: CTC, JW, JWH; data analysis: 
SYL, CTC, JW, KLC; article drafting: SYL, 
HBT, CTC, JW, JWH, KLC; all authors 
approved the final version of the manuscript.

Availability of data and material
The raw data for conducting this analysis are una-
vailable due to administrative regulations.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: The study is 
financially sponsored by National Taiwan 
University Hospital BeiHu Branch (11001) and 
Ministry of Science and Technology, Taiwan 
(MOST 109-2314-B-002-193-MY3)

Ethics statement
The study protocol has been approved by the 
institutional review board of National Taiwan 
University Hospital (NO. 201802063W) as a 
subanalysis.

Informed consent
Informed consent was deemed unnecessary due 
to participant anonymization prior to analysis of 
this population database, as adjudicated by the 
review board.

ORCID iD
Chia-Ter Chao  https://orcid.org/0000-0003- 
2892-7986

Supplemental material
Supplemental material for this article is available 
online.

Reference
 1. Hoogendijk EO, Afilalo J, Ensrud KE, et al. 

Frailty: implications for clinical practice and 
public health. Lancet 2019; 394: 1365–1375.

 2. Clegg A, Young J, Iliffe S, et al. Frailty in elderly 
people. Lancet 2013; 381: 752–762.

 3. Abdelhafiz AH, Davies PC and Sinclair AJ. Triad 
of impairment in older people with diabetes-
reciprocal relations and clinical implications. 
Diabetes Res Clin Pract 2020; 161: 108065.

 4. Chao CT, Wang J, Huang JW, et al. Chronic 
kidney disease–related osteoporosis is associated 
with incident frailty among patients with diabetic 
kidney disease: a propensity score-matched 
cohort study. Osteoporosis Int 2020; 31: 699–708.

 5. Schernthaner G and Schernthaner-Reiter MH. 
Diabetes in the older patient: heterogeneity 
requires individualisation of therapeutic 
strategies. Diabetologia 2018; 61: 1503–1516.

 6. Wu P-Y, Chao C-T, Chan D-C, et al. 
Contributors, risk associates, and complications 
of frailty in patients with chronic kidney disease: 
a scoping review. Ther Adv Chronic Dis 2019; 10: 
2040622319880382.

 7. Yanase T, Yanagita I, Muta K, et al. Frailty in 
elderly diabetes patients. Endocr J 2018; 65: 1–11.

 8. Chen S-I, Chiang C-L, Chao C-T, et al. 
Gustatory dysfunction is closely associated with 
frailty in patients with chronic kidney disease.  
J Ren Nutr 2020; 31: 49–56.

 9. Lee SY, Chao CT, Huang JW, et al. Vascular 
calcification as an underrecognized risk factor 
for frailty in 1783 community-dwelling elderly 
individuals. J Am Heart Assoc 2020; 9: e017308.

 10. See S and Ginzburg R. Choosing a skeletal muscle 
relaxant. Am Fam Physician 2008; 78: 365–370.

 11. Luo X, Pietrobon R, Curtis LH, et al. 
Prescription of nonsteroidal anti-inflammatory 

https://journals.sagepub.com/home/taw
https://orcid.org/0000-0003-2892-7986
https://orcid.org/0000-0003-2892-7986


S-Y Lee, J Wang et al.

journals.sagepub.com/home/taw 13

drugs and muscle relaxants for back pain in the 
United States. Spine 2004; 29: E531–E537.

 12. van Tulder MW, Touray T, Furlan AD, et al. 
Muscle relaxants for non-specific low back 
pain. Cochrane Database Syst Rev 2003; 2003: 
CD004252.

 13. Sargent L, Nalls M, Amella EJ, et al. Shared 
mechanisms for cognitive impairment and 
physical frailty: a model for complex systems. 
Alzheimers Dement (N Y) 2020; 6: e12027.

 14. Hsieh T-J, Chang H-Y, Wu IC, et al. 
Independent association between subjective 
cognitive decline and frailty in the elderly. PLoS 
One 2018; 13: e0201351.

 15. Lai J-H, Wang M-T, Wu C-C, et al. Risk of 
severe hypoglycemic events from amiodarone-
sulfonylureas interactions: a population-based 
nested case-control study. Pharmacoepidemiol 
Drug Saf 2020; 29: 842–853.

 16. Richards BL, Whittle SL and Buchbinder 
R. Muscle relaxants for pain management in 
rheumatoid arthritis. Cochrane Database Syst Rev 
2012; 2012: CD008922.

 17. Lin H-W, Ho Y-F and Lin F-J. Statin use 
associated with lower risk of epilepsy after 
intracranial haemorrhage: a population-based 
cohort study. Br J Clin Pharmacol 2018; 84: 
1970–1979.

 18. Hsu W-T, Galm BP, Schrank G, et al. Effect of 
renin–angiotensin–aldosterone system inhibitors 
on short-term mortality after sepsis. Hypertension 
2020; 75: 483–491.

 19. Chao C-T, Wang J and Chien K-L. Both pre-
frailty and frailty increase healthcare utilization 
and adverse health outcomes in patients with 
type 2 diabetes mellitus. Cardiovasc Diabetol 
2018; 17: 130.

 20. Chao C-T, Wang J, Huang J-W, et al. Frailty 
predicts an increased risk of end-stage renal 
disease with risk competition by mortality among 
165,461 diabetic kidney disease patients. Aging 
Dis 2019; 10: 1270–1281.

 21. Morley JE, Malmstrom TK and Miller DK. A 
simple frailty questionnaire (FRAIL) predicts 
outcomes in middle aged African Americans.  
J Nutr Health Aging 2012; 16: 601–608.

 22. Malmstrom TK, Miller DK and Morley JE. A 
comparison of four frailty models. J Am Geriatr 
Soc 2014; 62: 721–726.

 23. Theou O, Tan ECK, Bell JS, et al. Frailty levels 
in residential aged care facilities measured using 
the frailty index and FRAIL-NH scale. J Am 
Geriatr Soc 2016; 64: e207–e212.

 24. Dong L, Qiao X, Tian X, et al. Cross-cultural 
adaptation and validation of the FRAIL scale in 
Chinese community-dwelling older adults. J Am 
Med Dir Assoc 2018; 19: 12–17.

 25. Adame Perez SI, Senior PA, Field CJ, et al. 
Frailty, health-related quality of life, cognition, 
depression, vitamin D and health-care utilization 
in an ambulatory adult population with type 1 
or type 2 diabetes mellitus and chronic kidney 
disease: a cross-sectional analysis. Can J Diabetes 
2019; 43: 90–97.

 26. Lee S-Y, Wang J, Chao C-T, et al. Frailty 
modifies the association between opioid use and 
mortality in chronic kidney disease patients with 
diabetes: a population-based cohort study. Aging 
2020; 12: 21730–21746.

 27. Chang H-Y, Weiner JP, Richards TM, et al. 
Validating the adapted diabetes complications 
severity index in claims data. Am J Manag Care 
2012; 18: 721–726.

 28. Soprano SE, Hennessy S, Bilker WB, et al. 
Assessment of physician prescribing of muscle 
relaxants in the United States, 2005-2016. JAMA 
Netw Open 2020; 3: e207664.

 29. Halil M, Cemal Kizilarslanoglu M, Emin 
Kuyumcu M, et al. Cognitive aspects of frailty: 
mechanisms behind the link between frailty and 
cognitive impairment. J Nutr Health Aging 2015; 
19: 276–283.

 30. Rao T, Kiptanui Z, Dowell P, et al. Association 
of formulary exclusions and restrictions for 
opioid alternatives with opioid prescribing among 
Medicare beneficiaries. JAMA Netw Open 2020; 
3: e200274.

 31. Chauvin KJ, Blake PG, Garg AX, et al. Baclofen 
has a risk of encephalopathy in older adults 
receiving dialysis. Kidney Int 2020; 98: 979–988.

 32. Rangan V, George NS, Khan F, et al. Severity of 
ineffective esophageal motility is associated with 
utilization of skeletal muscle relaxant medications. 
Neurogastroenterol Motil 2018; 30: e13235.

 33. Granfors MT, Backman JT, Neuvonen M, et al. 
Ciprofloxacin greatly increases concentrations 
and cypotensive effect of tizanidine by inhibiting 
its cytochrome P450 1A2–mediated presystemic 
metabolism. Clin Pharmacol Ther 2004; 76: 
598–606.

 34. Arslan HH, Cebeci S, Yildizoglu U, et al. 
Effects of thiocolchicoside, a commonly used 
myorelaxant, on the acoustic reflex. J Laryngol 
Otol 2017; 131: 497–500.

 35. Holliday S, Hayes C, Dunlop A, et al. Protecting 
pain patients. The evaluation of a chronic pain 
educational intervention. Pain Med 2017; 18: 
2306–2315.

Visit SAGE journals online 
journals.sagepub.com/
home/taw

SAGE journals

https://journals.sagepub.com/home/taw
https://journals.sagepub.com/home/taw
https://journals.sagepub.com/home/taw



