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The association of calcium and vitamin D use withmplant survival of total knee

arthroplasty: a nationwide population based cohortstudy

Abstract

Background

Calcium and vitamin D have been regarded as bealefiatrients for bone metabolism that
may affect survival of arthroplasties. However, tleationship between their use and
revision rate of knee arthroplasty has not beenluated. Thus, we investigated an
association between calcium and vitamin D use haddvision rate after primary total knee
arthroplasty.

Methods

A nationwide population-based cohort study was cotetl using the Korean National Health
Insurance database. We included patients diagneghdknee osteoarthritis and underwent
primary total knee arthroplasty between 2009 antiB2®isk for arthroplasty revision was
estimated using a Cox proportional hazards model tihe-dependent covariates. Log-rank
test was used to assess survival of knee arthtgplas

Results

Out of 142,147 subjects, 28,403 were calcium atamin D users and 113,744 were never
users. Calcium and vitamin D significantly redutiee revision risk with a 6-month drug use
lag period (adjusted hazard ratio [aHR] 0.56, 958ffidence interval [CI] 0.45-0.70).
Calcium and vitamin D combination use for more tlayear was associated with reduced
revision risks in both patients with periprosthgomt infection (aHR 0.63, 95% CI 0.42—
0.95) and patients without infection (aHR 0.70, 98%0.54-0.91). Implant survival was

significantly improved in calcium and vitamin D cbmation users for more than 1 year
1
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compared with never users (log-rgm0.001).

Conclusion

Combination use of calcium and vitamin D with ael@$ 800 IU or greater for more than 1
year was associated with the greatest reductiathanrisks for revision surgery after total

knee arthroplasty.

Keywords: calcium, vitamin D, total knee arthroplasty, réws implant survival
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Introduction

Knee replacement surgery has been performed foe than 40 years and is now generally
regarded as a useful and cost-effective treatnmnerid-stage knee arthritis[1]. It has been
adopted as a main treatment modality for end-skage arthritis, as it improves patients’
quality of life by reducing pain and enhancing ldegn function[2]. In South Korea, more
than 70,000 knee replacements are now performed ga&r and many worldwide joint
registries report a similar pattern of increasiragtiency[3-5].

Unfortunately, knee replacements fail for a varigtyeasons, including implant loosening,
infection, persistent pain, and instability, whictay require revision within the lifetime of
the recipient[2]. According to the 16th annual mepof the National Joint Registry for
England and Wales in 2019, overall revision rate§, a0, and 15 years were known to be
2.66%, 4.37%, and 6.41%, respectively[4]. Considerihat more people will undergo
revision surgery in the future due to increasing éxpectancy, more efforts should be made
to identify patients who are at risk of revisiordao improve survival of arthroplasty.

As the implant survival is related to the qualifytiee surrounding bone environment[6,7],
there have been several attempts to improve surefvarthroplasty with medication related
to bone metabolism[8,9]. However, little is knowhoat bone metabolism in relation to
implant survival after arthroplasty. Calcium andawin D are representative nutrients for
bone metabolism, and they have been recommendedupglements for preventing
osteoporotic fractures due to their property oftiaying bone strength. Furthermore, vitamin
D may have a potential to prevent periprostheiiat jmfection after arthroplasty owing to its
favourable effects on infection prevention[10]. Meheless, the association between calcium
and vitamin D use and revision rates of knee apilagty has not been adequately evaluated.

Therefore, we conducted a large, nationwide pojmudtased cohort study to investigate
3
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whether there is any association between calciuwivaamin D use and the revision rates of

primary total knee arthroplasty.

Material and Methods

Data Source

The data used in this study were extracted fromKbeean Health Insurance Review and
Assessment Service (HIRA) database from 2009 tB.20he claims data of the HIRA
database contain 46 million patients per year, Wwiiccounts for 90% of the total Korean
population, and include claims from almost 80,0@@lthcare service providers across South
Korea as of 2011. It also includes sociodemograglata of the beneficiaries, patients’
diagnosis based on the 10th revision of the Inteynal Classification of Disease (ICD-10),
treatments, procedures, surgical history, and ppgmn drugs based on health insurance
claims payment codes that were assigned by theakdCentre for Disease Classification and
Information[11]. This study was approved by theependent institutional review board of
Severance Hospital (4-2019-0269) and was waivdleofequirement of informed consent.

This study adhered to the tenets of the Declaratidthelsinki.

Study Population

A nationwide population-based study was conductdguthe data of subjects who had total
knee arthroplasty between 2009 and 2018 (n=50864d:2) the HIRA database. Patients who
underwent primary total knee arthroplasty were fiified by the healthcare common

procedural (HCP) codes of HIRA(@pplemental Table ). We excluded patients under the
age of 50 years, patients without a diagnosis @ekosteoarthritis (ICD-10: M17.0, and

M17.1) within a year from the day on which the paiy surgery was done, patients with
4
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history of femoral fracture (ICD-10: S72) or rheumd arthritis (ICD-10: M05, and M06),
patients with previous claims for revision kneehesplasty out of period, patients with two
or more claimed forms of primary total knee arthaspy during the follow-up period,
patients diagnosed with osteoporosis (ICD-10: M8B1, and M82) and prescribed
bisphosphonates or selective estrogen receptor latods; and patients who had calcium or
vitamin D single agent use&S{pplemental Table 3. Patients with two or more claimed
forms of primary total knee arthroplasty were egeld as these patients may have received
primary total knee arthroplasty at both legs. As pinocedural code dose not inform us about
the side of leg for primary total knee arthroplastywould be impossible to estimate the
exact time interval between initial revision arglprimary total knee arthroplasty at the same
side of the leg in patients with primary total knesthroplasties at both legdsing these
criteria, 366,465 (72.1%) patients were excluded, &e finally selected 142,147 participants
(27.9%) Figure 1).

All patients meeting the study inclusion criteriar@ monitored from cohort entry until the
revision surgery, death from any cause, end of rameein the database, or end of the study
period (December 31, 2018, or the most recent afatiata availability), whichever occurred

first.

Identification of calcium and vitamin D combination users

We identified calcium and vitamin D combination tssas patients who had been prescribed
calcium and vitamin D combination before revisiamgery with HCP codesSpplemental
Table 2). Never users were defined as individuals who weseer prescribed the drugs or
who had their first prescription of the drugs afterrevision surgery. Additionally, we

calculated cumulative duration of exposure to cafciand vitamin D combination by
5
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considering the sum of all the days for which tinegd were prescribed, and the mean daily
dose of use was calculated by dividing the totaledtaken by the total number of days for
which the drugs were prescribed. Mean daily dose defined as the average dose rate

according to the United States Federal Register[12]

Outcomes of interest

The outcomes of this study were the incidence w@fsien surgery in patients who had
primary total knee arthroplasty and the implantvsal, which was calculated as the time
from primary surgery to revision surgery. We idéetl patients who had surgical revision

with HCP codesSupplemental Table ).

Covariates and confounders

Age at primary surgery, sex, and type of insuraweee included as covariates. Hospital
regions were classified as metropolitan or non-apetlitan. The Charlson comorbidity index
(CCIl) at a year prior to primary surgery was deiagd by evaluating comorbid
conditions[13]. Comorbidities that are known to eaff arthroplasty revision rate—
coagulopathy, chronic obstructive pulmonary diseaepression, diabetes, chronic kidney
failure, neoplasms, and surgery related to hypaeafta (gastrectomy, thyroidectomy, and
parathyroidectomy)—were included as time-dependeovariates[14]. As vitamin D
deficiency (ICD-10: E55) was suggested as a mdadiaisk factor that affects arthroplasty
revision rate[15], we considered it as a time-dejeen covariate as well. Osteoporosis was
also considered as a time-dependent covariate bedacould increase the risk of revision by
lowering bone mass. Corticosteroid use was comsidess a confounding factor as

corticosteroids may induce osteoporosis. Othergthgt could also modify fracture risk—
6
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proton pump inhibitors, antiarrhythmics, anticorsarnits, antidepressants, antiparkinsonism
drugs, statins, thiazide diuretics, and anxiolyiegere included as time-dependent

covariates that had the possibility of affecting #rthroplasty revision rate[8].

Statistical analyses

We first compared baseline characteristics basechtmum and vitamin D combination use
using y° tests for categorical variables antests for continuous variables. We performed
analyses using a Cox proportional hazards modél tivite-dependent covariates to examine
whether calcium and vitamin D combination use wsesoeiated with the revision risk of total
knee arthroplasty. The models were adjusted for s&e type of insurance, hospital region at
primary surgery, CCI, comorbidities known to affabtie risk of revision, osteoporosis,
vitamin D deficiency, and use of corticosteroidsl ather drugs known to possibly affect
fracture risk. Exposure to calcium and vitamin Dsviagged by 6 months to account for the
latency time and to minimize reverse causality. flibles across various cumulative durations
of use and daily doses were analysed. Addition#tlg, risks for revision were separately
assessed according to the presence of periprasibett infection (ICD-10: T84.5) during
the follow-up period. We used the log-rank teshvidbplan-Meier survival analyses to assess
the effect of calcium and vitamin D use on implantvival. Ap value <0.05 was considered
significant. Statistical analyses were performedhgisSAS Enterprise Guide statistical

software (version 9.4; SAS Institute, Cary, NC, USA

Results

Out of 508,612 eligible patients with primary totahee arthroplasty, we included and

followed up the data of 142,147 participants: thesduded 28,403 users of calcium and
7
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vitamin D combination and 113,744 never users. baseline characteristics of the study
subjects are presentedTable 1. The mean ages of all study subjects, calciumvéadcin D
combination users, and never users were 68.8, 687 68.9 years, respectively. Compared
with calcium and vitamin D combination never uséngye was female preponderance among
users. More users than never users had their ssgdwne in cities and metropolitan areas.
Subjects who had higher CCI scores and comorbsédiiere more prevalent among users.
Similarly, subjects who had surgeries related tpdeglcaemia, osteoporosis, and vitamin D
deficiency were more prevalent among users. Ugeaofure risk-associated drugs was more
prevalent among users. The incidence of peripréisti@nt infection showed no difference
between calcium and vitamin D combination usersraer users.

During the follow-up period, 1,878 participants haelvision surgery. Overall, 346
revisions occurred in calcium and vitamin D comkora use group and 1,532 revisions
occurred in no use grouplgble 2). The unadjusted risks for revision are shown in
Supplemental Table 3 After adjustment for confounding factors, thekrfer revision was
lower in the use group than the no use group (aHR,®5% CI 0.61-0.87; p<0.001). Even
with a 6-month exposure lag, the aHR for revisiorgery was still significant (aHR 0.56, 95%
Cl1 0.45-0.70; p<0.001).

To investigate the trends in risks according todbeation of use, risks were assessed for
various exposure durations since the first drugsgiption Supplemental Table 3.
Reduced risk was observed in the subgroups who emsledim and vitamin D combination
for 12 months or longer, and the risk for revisgimowed a gradually decreasing trend as
cumulative duration of use increased.

The association between calcium and vitamin D coatimn use and risk of revision

according to the presence of periprosthetic jaifgdtion is presented ifable 3. Regardless
8
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of infection, revision risk was reduced in subjeeith calcium and vitamin D combination
use for 12 months or longer. In subjects with ititet, calcium and vitamin D combination
use for 12 months or longer reduced the risk oisren surgery (aHR 0.63, 95% CI 0.42—
0.95; p=0.03). Similarly, subjects without infectialso showed a reduction in the risk (aHR
0.70, 95% CI1 0.54-0.91; p=0.008).

The risk of revision according to the daily dosecalcium and vitamin D was additionally
analysed $upplemental Table 5. Among users with daily dose of calcium less thgdD0
mg for 12 months or longer, higher dose of vitamimse (800 IU or more) was associated
with more reduced risk (aHR 0.49, Cl 95% 0.33-03).001) than lower dose (less than
800 IU) (aHR 0.75, Cl 95% 0.58-0.98+0.03). Use of vitamin D dose of 800 IU or more
was associated with much lowered aHR than usetafvm D dose of 400 IU or more (aHR
0.49 for 800 IU or more and 0.69 for 400 IU or njore

In Kaplan-Meier survival analyses, among calciurd &itamin D combination users with
a cumulative duration of use of 12 months or longeprotective effect on implant survival
was consistently observed throughout the followpepiods in all subjects, both in patients
with and without infection, as compared with neusers (all log-rankp<0.001;Figure 2A-
2C). The five-year survival probability after totatdée arthroplasty increased from 98.42% to
99.48% in all subjects, from 75.25% to 93.30% ihjsats with infection, and from 99.20%
to 99.67% in subjects without infection, which slealathe significant reduction of implant
failure rate by 67.1%, 72.9%, and 58.8%, respelgti®upplemental Table §. When the
risk was further analysed according to the dailgedof vitamin D, implant survival was
improved independent of vitamin D dose in subjeete used calcium and vitamin D
combination for more than 12 months compared witkven users (all log-rank

p<0.001Figure 3).
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Discussion

Calcium and vitamin D are known important nutrietitat are associated with bone health,
but little is known about their effects on survival knee arthroplasty. We analysed a
nationwide longitudinal dataset obtained from théRA database, including 142,147
participants who underwent primary total knee aphasty with follow-up from 2009 to
2018. Our results show that patients who took gaicand vitamin D combination had
significantly improved survival of their total knegthroplasty.

We also analysed the data according to variouscelig recommended doses of calcium
and vitamin D combination. Even though it is stdintroversial whether calcium and vitamin
D have protective effects on fractures[16], theyehheen widely used to prevent fracture
caused by osteoporosis in clinical practice. In0he US Preventive Services Task Force
(USPSTF) recommended against daily supplementafisitamin D at a dose of 400 IU or
less and calcium at a dose of 1,000 mg or lesthéoprimary prevention of fractures in non-
institutionalized postmenopausal women (D recomragad)[17]. Recently, 1,200 mg of
calcium and 800 IU of vitamin D have been recomneelnfdr the prevention of osteoporosis-
induced fractures[18]. Based on these guidelines,further investigated outcomes using
subgroup analyses according to daily dose. We sedlgnly patients who used both calcium
and vitamin D by excluding patients who used omtg of the two. This drug use definition
was applied to simplify cumulative duration-basatiggoup analyses.

The clinical survival of arthroplasties is relatexd the quality of the surrounding bone
environment[6,7]. Several studies have describgidrdficant decrease in postoperative bone
mineral density of up to 44% in areas adjacentiplants after total knee arthroplasty[19-22].
Periprosthetic osteolysis predates aseptic loogemihich is the most common reason for

arthroplasty revision, and creates conditions faailitate implant loosening via weakening
10

Downloaded for Anonymous User (n/a) at Y onsei University College of Medicine from ClinicaKey.com by Elsevier on August 17, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

of the bone—implant interface. This is due to ial predominance of bone resorption over
formation in periprosthetic bone[23]. Calcium swgpénts have been known to suppress
bone turnover by about 20% and have beneficiaceffen bone density by promoting bone
formation[24]. Vitamin D also optimizes intestinedlcium and phosphorus absorption for
proper formation of bone mineral matrix[10]. In g¢hstudy, we found that calcium and
vitamin D combination use decreased the aHR fdr eisarthroplasty revision in subjects
without periprosthetic infection and improved swatiof implants. This implies that calcium
and vitamin D may have an infection-independentelbigrand the increase in bone strength
followed by slowed aseptic loosening and peripresthosteolysis could be the possible
mechanism.

A classic well-known action of vitamin D is promami of calcium homeostasis and bone
health. At the same time, vitamin D has receivadndibn for its crucial role in diverse
physiological functions, and vitamin D deficiency associated with multiple acute and
chronic illnesses, including autoimmune diseasemcers, type 2 diabetes mellitus,
cardiovascular diseases, and infectious disea$s \\iith respect to immunity, vitamin D
regulates innate and adaptive immune function bgutading macrophages, dendritic cells,
and lymphocytes[25]. Several studies reported vital deficiency is associated with
increased risk of revision arthroplasty caused byipposthetic joint infection[15,26-28].
Traven and colleagues[15] reported that low vitaBiwas associated with increased risk of
90-day complication and periprosthetic joint infentas indications for revision arthroplasty.
Similarly, a high frequency of vitamin D deficieneyas noted in patients who underwent
revision knee arthroplasty for periprosthetic joinfection[26]. These previous results
suggest a potential benefit of vitamin D treatment implant survival after total knee

arthroplasty. In the current study, we also obsgtyat calcium and vitamin D combination
11
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use significantly decreased the aHR for revisigk nh subjects with periprosthetic infection.
Our results are consistent with previous reporas ¥itamin D use is associated with reduced
risk of arthroplasty revision that is related taipeosthetic joint infection.

In the aspect of infection prevention, not onlyawiin D but also calcium supplement
could contribute to the reduced revision rate m phesent study. There are previous studies
that focused on the inhibitory effect of calcium staphylococcal biofilm formation. &a
participates in the signalling pathway of infec{@®] and inhibitsStaphylococcus aureus
biofilm formation[30,31]. The reduction of revisigate in calcium and vitamin D users may
partially attribute to the increased calcium intakéhe same way.

The clinical relevance of the present study is Base several strengths. First, few studies
have evaluated the clinical effects of calcium aitdmin D on survival of knee arthroplasty.
To the best of our knowledge, this is the only éasgale population-based study that has
been conducted on this subject till date. Seconel,used a cohort from a generalized
population database comprising individuals with iatawns in age, comorbidity, and
medication. Statistical analyses with adjustmeats/érious confounding factors diminished
the risk of bias. Third, revision risks accordimgperiprosthetic joint infection were assessed
to investigate any influence of infection on theasation between calcium and vitamin D
use and survival of arthroplasty. Moreover, thé&gisf revision across various cumulative
durations of use and daily doses of calcium andmvilh D were analysed to find any trend
with respect to duration and amount of use, whialiegmore detailed information on the
effect of calcium and vitamin D use.

The current study has some limitations. First, wela not take into consideration calcium
and vitamin D intake from foods or over-the-countleugs. Second, confounding due to

imbalance in gender distribution between calciurd gitamin D users and non-users may

12
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still remain, even though statistical adjustmens warformed. Further studies with gender
matched data needs to be conducted. Third, datat absidual confounders such as bone
mineral density, implant design, fixation type, apibficiency of surgeons could not be
collected. Fourth, potential difference in healkmpliance or quality of medical management
between calcium and vitamin D users and non-useg Imad to bias. Since vitamin D
deficiency is common, the calcium and vitamin Draseay be a selected group who are
more adherent to medical testing and medicatioh aitontinuity more than 1 year than non-
users. Fifth, the quality of routinely collectediinaal registry data is limited owing to input
and coding errors, incomplete data, and medication-compliance. Sixth, lifestyle-
associated and anthropometric parameters such @srgmnalcohol consumption, and body
mass index (BMI) were not included in the curretoidg. Concerning smoking and alcohol
consumption, no association was previously obsewitdrevision risk on account of aseptic
loosening in total knee arthroplasty[32]. Even thlosmoking was identified as a risk factor
for periprosthetic joint infection[33,34], the sogate comorbidity, chronic pulmonary
disease, was included as the related confounderaiti85]. The association of alcohol with
periprosthetic joint infection has remained conémal[36,37]. With respect to BMI, there
are studies that showed the tendency of increaskgof revision in populations with high
BMI[32,35,38]. However, considering that the subgewho underwent primary total knee
arthroplasty in South Korea had a relatively loaeerage BMI (of 25.9 kg/f than Western
patients[39], the influence of BMI on implant swai in the current study may have been
diminished. Finally, the follow-up duration in tlearrent study was relatively short compared
with the generally expected survival of implantg§[4Cherefore, it was not possible to assess
long-term outcomes. Nevertheless, even over thstdd follow-up period, an inverse

relation was noted between calcium and vitamin Dhlgoation use and implant survival
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after total knee arthroplasty.

Conclusions

Our findings demonstrated that calcium and vitaBinombination use reduces the revision
risk of total knee arthroplasty both with and witlhéanfection. Combination use of calcium
and vitamin D with a dose of 800 IU or greaterrimore than 1 year was associated with the
greatest reduction in the risks for revision suygé€onsidering overall high prevalence of
osteoporosis and vitamin D deficiency in patient®wndergo total knee arthroplasty[41-43],
and potential beneficial effects of calcium andawitn D on bone and bone-surrounding
environment[10], we could suggest calcium and vitabh supplementation for patients who

undergo primary total knee arthroplasty and futtlird@cal trials.
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Table 1. Characteristics of patients in the cohorin relation to calcium and vitamin D

combination use during the follow-up period

Total Calcium and vitamin | Never users |
(n=142,147) | D users (n=28,403) | (n=113,744) pvalue
Age at the time of primary surgery(years)* 68.8]7. 68.7 (6.7) 68.9 (7.2) 0.01
50-59 14,393 (10.1) 2,474 (8.7) 11,919 (10.5)
60-69 60,066 (42.3) 12,649 (44.5) 47,417 (41.7)
70-79 59,159 (41.6) 11,923 (42.0) 47,236 (41.5)
>80 8,529 (6.0) 1,357 (4.8) 7,172 (6.3)
Sex (Male) 33,049 (23.2) 2,433 (8.6) 30,616 (26.9) <0.001
Type of insurance* <0.001
Medical insurance 133,418 (93.9), 26,206 (92.3) 417 (94.3)
Medical care 8,729 (6.1) 2,197 (7.7) 6,532 (5.7)
Hospital region of primary surgery* <0.001
Metropolitan 42,544 (29.9) 8,951 (31.5) 33,593 %29.
Non-metropolitan 99,603 (70.1) 19,452 (68.5) 80,(AL5)
Charlson Comorbidity Index Score* 2.1(1.7) 2.2771. 2.1(1.7) <0.001
Coagulopathyt <0.001
No 135,898 (95.6) 26,746 (94.2) 109,152 (96.0)
Yes 6,249 (4.4) 1,657 (5.8) 4,592 (4.0)
Chronic obstructive pulmonary diseaset <0.001
No 127,323 (89.6) 24,815 (87.4) 102,508 (90.1)
Yes 14,824 (10.4) 3,588 (12.6) 11,236 (9.9)
Depressiont <0.001
No 98,849 (69.5) 16,963 (59.7) 81,886 (72.0)
Yes 43,298 (30.5) 11,440 (40.3) 31,858 (28.0)
Diabetest <0.001
No 64,951 (45.7) 10,626 (37.4) 54,325 (47.8)
Yes 77,196 (54.3) 17,777 (62.6) 59,419 (52.2)
Chronic kidney failuret <0.001
No 134,327 (94.5) 26,499 (93.3) 107,828 (94.8)
Yes 7,820 (5.5) 1,904 (6.7) 5,916 (5.2)
Neoplasmt <0.001
No 96,901 (68.2) 16,748 (59.0) 80,153 (70.5)
Yes 45,246 (31.8) 11,655 (41.0) 33,591 (29.5)
Surgeries related to hypocalcaemiat,§ <0.001
No 141,328 (99.4) 28,173 (99.2) 113,155 (99.5)
Yes 819 (0.6) 230 (0.8) 589 (0.5)
Osteoporosist <0.001
No 73,753 (51.9) 2,075 (7.3) 71,678 (63.0)
Yes 68,394 (48.1) 26,328 (92.7) 42,066 (37.0)
Vitamin D deficiencyt <0.001
No 131,694 (92.6) 23,710 (83.5) 107,984 (94.9)
Yes 10,453 (7.4) 4,693 (16.5) 5,760 (5.1)
Corticosteroidst <0.001
No 130,138 (91.5) 24,810 (87.3) 105,328 (92.6)
Yes 12,009 (8.5) 3,593 (12.7) 8,416 (7.4)
Drugs that could modify fracture riskt# <0.001
No 9,780 (6.9) 578 (2.0) 9,202 (8.1)
Yes 132,367 (93.1) 27,825 (98.0) 104,542 (91.9)
Periprosthetic joint infection 0.28
No 138,041 (97.1) 27,555 (97.0) 110,486 (97.1)
Yes 4,106 (2.9) 848 (3.0) 3,258 (2.9)

Data are mean (SD), median (IQR), Charlson Comitybliddex score (SD) or n (%) unless otherwise Hjget
Abbreviations: SD, standard deviation; IQR, intendile range

T Time-dependent variables
* Values at baseline

§ Gastrectomy, thyroidectomy, and parathyroidectomy
# Proton pump inhibitors, antiarrhythmics, anticalsants, antidepressants, antiparkinsonism drt&fings thiazide diuretics, and

anxiolytics
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Table 2. Risks for revision of primary total knee athroplasty associated with calcium and vitamin D ombination use

: - a
Calcium and vitamin D Number Person- - Adjusted hazard ratio -
combination use of events years No time-lag 6 months time-lag
95% ClI | p value 95% ClI | p value
No use 1,532 3,733 1.00 (REF) 1.00 (REF)
Use 346 1,382 0.73 (0.61-0.87) <0.001 0.56 (0.49Y0. <0.001
Total 1,878 5,115

Abbreviations: Cl, confidence interval; REF, refate

#The hazard ratios were adjusted for age, sex,dypesurance, Charlson Comorbidity Index, hospiéglion, comorbidities that are known to affect eoitasty revision rate (chronic
obstructive pulmonary disease, depression, diabetesnic kidney failure, neoplasm, and surgergtesl to hypocalcaemia), osteoporosis, vitamin [Icidefcy, corticosteroids, and other
drugs that could also modify fracture risk (proparmp inhibitors, antiarrhythmics, anticonvulsaimtstiparkinsonism drugs, statins, thiazide diureticgl anxiolytics).
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Table 3. Risks for revision of primary total knee athroplasty associated with calcium and vitamin D ombination use by cumulative

duration since primary operation according to infedion (no time-lag, adjusted for confounders)

All subjects Subjects with infectioff Subjects without infectiorf
Number | Person- Adjusted hazard ratio® Number | Person- Adjusted hazard ratio® Number | Person- Adjusted hazard ratio®
of events | years 95% ClI pvalue | ofevents | years 95% ClI p value | ofevents | years 95% ClI p value
Cumulative duration of use
No use 1,532 3,733 1.00 (REF) 744 1,395 1.00 (REF) 788 2,338 1.00 (REF)
Use <12 months 251 942 0.96 (0.83-1.10 0.54 97 285 9 0D99-1.24) 0.96 154 657 1.03 (0.86-1.24) 0.76
>12 months 95 440 0.65 (0.52-0.81 <0.001 27 95 D6eR2-0.95) 0.03 68 345 0.70 (0.54-0.91) 0.008
Total 1,878 5,115 868 1,775 1,010 3,340

Abbreviations: Cl, confidence interval; REF, reface

#The hazard ratios were adjusted for age, sex,df/jpesurance, Charlson Comorbidity Index, hospi¢giion, comorbidities that are known to affect evfiiasty revision rate (chronic
obstructive pulmonary disease, depression, diapetesnic kidney failure, neoplasm, and surgergtesl to hypocalcaemia), osteoporosis, vitamin [ciefcy, corticosteroids, and other
drugs that could also modify fracture risk (promrmp inhibitors, antiarrhythmics, anticonvulsamtstiparkinsonism drugs, statins, thiazide diureticsl anxiolytics).

bStatistically significant interaction effects weoaind for infection between patients who used cafcand vitamin D for less than 12 months and thdse never use either; and between
patients who used both for 12 months and longettlamsk who never use either (p=0.04, p=0.001)
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Korean populations who had total knee
arthroplasty between 2009 and 2018
from the HIRA database (N = 508,612)

v

Aged 50 years or older at primary surgery +
Followed up through 2018 (N = 506,732)

Patients without a diagnosis of knee osteoarthritis within a year
from the day on which the primary surgery was done (N = 11,987)

v

Patients with history of femoral fracture or
rheumatoid arthritis (N = 172,092)

v

v

Patients who were diagnosed with knee
osteoarthritis and undergone total knee
arthroplasty from 2009 to 2018 (N = 322,653)

Patients with previous claims for revision knee arthroplasty
out of period (N = 625)

v

Patients with two or more claimed forms of primary total
knee arthroplasty during follow-up period (N = 43,225)

v

Patients diagnosed with osteoporosis and prescribed bisphosphonates
or selective oestrogen receptor modulators (N = 124,500)

v

v

Patients who had calcium or vitamin D single agent use (N = 12,126)

v

Final study population (N = 142,147)

' !

Calcium and vitamin D Calcium and vitamin D
combination users combination never users
(N =28,403) (N =113,744)
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A All subjects B Subjects with infection C Subjects without infection

—— Never use — Never use — Never use
—— 212 months calcium and vitamin D use — 212 months calcium and vitamin D use — 212 months calcium and vitamin D use
100
100
_ = 100
& 951 £ o5 S
T 100 ® < 95
£ 90+ Z g0 E 100
2 Z i [
B 99 % % S 904 g9
o 857 98 o 851 3 g5] 98
= 97 2 2 97
T 801 gp < 80 T 80 9%
E log-rank p<0.001 g log-rank p<0.001 3 log-rank p<0.001
95 95
3751763 46 810 3 75 E7] "0 2 46 8 10
o
70 - . . i i . 70+ : : - - T 70 4 . . : r T
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Numbers at risk Time after arthroplasty (years) Time after arthroplasty (years) Time after arthroplasty (years)
(number censored)
N 113,744 83496 57,056 36,288 16,787 0 3258 2,368 1657 1,113 520 0 110,486 81,128 55399 35175 16,267 0
GVETUSe 0)  (20.413) (55.488) (76,055) (95460) (112,212) ©) (408)  (947)  (1,421) (1,999) (2,514) (0)  (29,005) (54,541) (74,634) (93461) (109,698)
212 months 12,007 11,377 9,399 7,110 3,871 0 331 321 273 225 127 [ 11,676 11,506 9,126 6,885 3,774 0
calcium and vitamin D use ©) (622) (2,561) (4,833) (8,047) (11,912 ) @ (38) (83) \a77) (304) ©) (615) (2,523) (4,750) (7.870) (11,608)
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— 1. Never use
—— 2. 212 months with calcium <1,000 mg and vitamin D <800 IU use
—— 3. 212 months with calcium <1,000 mg and vitamin D 2800 U use

100 |~
95 4
S
< 90+ 100 A
=
>
‘% a5 99
2 98
® log-rank test
E 80 97 + 1vs 2:p<0.001
8 1vs 3: p<0.001
96 1 2vs 3: p=0.98
75 95 |
0 2 4 6 8 10
70, T T T T T
0 2 4 6 8 10
Time after arthroplasty (years)
Numbers at risk
(number censored)
Never use 113,744 83,496 57,056 36,288 16,787 0
(0) (29,413)  (55,488)  (76,055)  (95460)  (112,212)
212 months with 6,472 6,218 5,332 4,125 2,358 0
calcium <1,000 mg and vitamin D <800 IU use (0) (250) (1,111) (2,308) (4,056) (6,408)
212 months with 5,028 4,669 3,685 2,657 1312 0
calcium <1,000 mg and vitamin D 2800 IU use (0) (355) (1,354) (2,351) (3,690) (5,002)
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Highlights
Calcium and vitamin D use reduced the revision risk after total knee arthroplasty.
The reduced revision risk was consistent regardless of periprosthetic joint infection.

Implant survival was aso significantly improved with calcium and vitamin D use.

Downloaded for Anonymous User (n/a) at Y onsei University College of Medicine from ClinicaKey.com by Elsevier on August 17, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



The association of calcium and vitamin D use with implant survival of total knee

arthroplasty: a nationwide population based cohort study

Youngho Kong, MD"*, Minkyung Han, PhD**, Minyoung Lee, MD*", Eun Hwa Kim, MS?,

Inkyung Jung, PhD*$, Kwan Kyu Park, MD, PhD*®

'Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul,
Republic of Korea

“Bjostatistics Collaboration Unit, Department of Biomedical Systems Informatics, Yonsei
University College of Medicine, Seoul, Republic of Korea

Department of Internal Medicine, Yonsei University College of Medicine, Seoul, Republic
of Korea

“Division of Biostatistics, Department of Biomedical Systems Informatics, Yonsel University

College of Medicine, Seoul, Republic of Korea

" These authors are co-first authors.

8 These authors are co-corresponding authors.

Downloaded for Anonymous User (n/a) at Y onsei University College of Medicine from ClinicaKey.com by Elsevier on August 17, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



SCorresponding authors

Kwan Kyu Park, MD, PhD

Department of Orthopaedic Surgery, Yonsel University College of Medicine, 50-1, Yonsei-ro,
Seodaemun-gu, Seoul 03722, Republic of Korea

Tel: 82-2-2228-2183, Fax: 82-2-363-1139, E-mail: kkpark@yuhs.ac

Inkyung Jung, PhD

Division of Biostatistics

Department of Biomedical Systems Informatics, Yonsei University College of Medicine, 50-1,
Yonsei-ro, Seodaemun-gu, Seoul 03722, Republic of Korea

Tel: 82-2-2228-2494, Fax: 82-2-393-4945, E-mail: ijung@yuhs.ac

Downloaded for Anonymous User (n/a) at Y onsei University College of Medicine from ClinicaKey.com by Elsevier on August 17, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



Figurelegends

Figure 1. Flowchart showing the selection process for users and never users of calcium and

vitamin D combination

Figure 2. Log-rank tests with Kaplan-Meier survival anayses for revision events after
primary total knee arthroplasty comparing cumulative duration of calcium and vitamin D
combination use (never users vs. >12 months) in (A) all subjects, (B) subjects with infection,

and (C) subjects without infection

Figure 3. Log-rank test with Kaplan-Meier survival analysis for revision events after primary
total knee arthroplasty according to a mean daily dose of vitamin D with concomitant use of
calcium (<1,000 mg) more than 1 year (never use vs. vitamin D >800 IU use vs. vitamin D

<800 1U use)
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Supplemental Table 1. Definition of primary total knee arthroplasty and revision knee arthroplasty using healthcare
common procedure coding system codes provided by HIRA

Type of surgery Code in Healthcare Common Procedure
Primary total knee arthroplasty N2072, N2077
Revision knee arthroplasty N3712, N3717, N3722, N3727
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Supplemental Table 2. Prescription drugs codes based on health insurance claims payment coding system

Drugs

Codes in health insurance claims payment

Calcium and vitamin D combination

Calcium or vitamin D single agents

Bisphosphonates

SERM (Selective estrogen receptor modulators)

302600ATB, 303200ATB, 387900ATB, 409100ATB, 462700ATB,
462800ATB, 473800ATB, 480200ATB, 498200ATB, 498300ATB,
503100ATB, 503500ATB, 504400ATB, 508700ATB, 519000ATB,
521900ATB, 526100ATB, 634000ATB, 665600ATB

104601ACS, 104601ATB, 104602ACS, 121401ACS, 121402ACS,
121601ACS, 121630BI1J, 121801ATB, 121901ATB, 122101ATB,
194602ATB, 205601ATB, 205602ATB, 207601ATB

147401ATB, 207901ATB, 228301ATB, 228302ATB, 228303ALQ,
228303ATB, 228305ATB, 442301ATB, 442302ATB, 442302ATE,
442303ATB, 442330ATB, 468000ATE, 480304ATB, 481100ATB,
484001ATB, 500200ATB, 511200ATB, 518400ATB, 523900ATB,
487502Bl1J, 207930BIJ, 420731BIJ, 420732B1J, 480330BIJ, 646301BI1J

136201ATB, 234501ATB, 234502ATB, 242101ATB, 358001ATB,
617101ATB
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Supplemental Table 3. Crude risks for revision of primary total knee arthroplasty associated with calcium and vitamin D

combination use (unadjusted for confounders)

Crude hazard ratio

NLGTOEr | Ersel- No time-lag 6 months time-lag
of events years
95% Cl p value 95% Cl p value
Calcium and vitamin D combination use
No use 1,532 3,733 1.00 (REF) 1.00 (REF)
Use 346 1,382 1.06 (0.89-1.26) 0.54 0.80 (0.65-0.99) 0.04
Total 1,878 5,115

Abbreviations: ClI, confidence interval; REF, reference
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Supplemental Table 4. Risks for revision of primary total knee arthroplasty associated with calcium and vitamin D
combination use by cumulative duration since primary operation (no time-lag)

Number of | Person- Crude hazard ratio Adjusted hazard ratio®
events years 95% ClI p value 95% ClI p value
Cumulative duration of use

No use 1,532 3,733 1.00 (REF) 1.00 (REF)
<3 months 137 537 1.65 (1.40-1.95) <0.001 1.09 (0.92-1.30) 0.31
3 to <6 months 56 188 1.15 (0.85-1.55) 0.37 0.77 (0.57-1.04) 0.09
Use 6 to <12 months 58 217 1.24 (0.94-1.63) 0.12 0.82 (0.63-1.09) 0.17
12 to <24 months 39 157 0.97 (0.70-1.34) 0.85 0.66 (0.48-0.91) 0.01
>24 months 56 283 0.91 (0.69-1.20) 0.49 0.64 (0.49-0.85) 0.002

Total 1,878 5,115

Abbreviations: CI, confidence interval; REF, reference

% The hazard ratios were adjusted for age, sex, type of insurance, Charlson Comorbidity Index, hospital region, comorbidities that are known to affect
arthroplasty revision rate (chronic obstructive pulmonary disease, depression, diabetes, chronic kidney failure, neoplasm, and surgery related to
hypocalcaemia), osteoporosis, vitamin D deficiency, corticosteroids, and other drugs that could also modify fracture risk (proton pump inhibitors,
antiarrhythmics, anticonvulsants, antiparkinsonism drugs, statins, thiazide diuretics, and anxiolytics).



Supplemental Table 5. Risks for revision of primary total knee arthroplasty associated with calcium and vitamin D
combination use by cumulative duration since primary operation and mean daily dose of each nutrient (no time-lag, all
subjects)
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All subjects
Crude hazard ratio Adjusted hazard ratio®
Number | Person-
oif GrEimits S 95% CI p value 95% CI p value
Cumulative duration of use
No use 1,532 3,733 1.00 (REF) 1.00 (REF)
<12 months All doses 251 942 1.44 (1.26-1.65) | <0.001 | 0.96 (0.83-1.10) 0.54
Use
212 months All doses 95 440 0.93 (0.75-1.15) 0.51 0.65 (0.52-0.81) | <0.001
Cumulative duration and mean daily dose
No use 1,532 3,733 1.00 (REF) 1.00 (REF)
<12 months All doses 251 942 1.44 (1.26-1.65) | <0.001 | 0.96 (0.83-1.10) 0.54
Vitamin D 2800 U 3 16 0.52 (0.13-2.01) 0.36 0.38 (0.10-1.54) 0.18
Calcium 21,000 mg
Use Vitamin D <800 IU 2 11 2.01 (0.50-8.03) 0.33 1.47 (0.37-5.88) 0.59
212 months
Calcium <1,000 mg Vitamin D 2800 U 26 105 0.70 (0.48-1.04) 0.07 0.49 (0.33-0.73) | <0.001
Vitamin D <800 IU 64 308 1.08 (0.84-1.40) 0.54 0.75 (0.58-0.98) 0.03
Total 1,878 5,115




All subjects
Crude hazard ratio Adjusted hazard ratio®
Number | Person-
Tif S years 95% CI p value 95% CI p value
Cumulative duration and mean daily dose
No use 1,532 3,733 1.00 (REF) 1.00 (REF)
<12 months All doses 251 942 1.44 (1.26-1.65) | <0.001 | 0.96 (0.83-1.10) 0.54
Vitamin D 2400 IU 5 27 0.93 (0.37-2.35) 0.88 0.68 (0.27-1.73) 0.42
Calcium 21,000 mg
Use Vitamin D <400 IU 0 0 ND ND ND ND
212 months
Vitamin D 2400 IU 81 368 0.99 (0.79-1.25) 0.95 0.69 (0.55-0.87) 0.002
Calcium <1,000 mg
Vitamin D <400 IU 9 45 0.67 (0.35-1.28) 0.22 0.47 (0.25-0.89) 0.02
Total 1,878 5,115

Abbreviations: Cl, confidence interval; REF, reference; ND, not done because of insufficient number of events
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% The hazard ratios were adjusted for age, sex, type of insurance, Charlson Comorbidity Index, hospital region, comorbidities that are known to affect
arthroplasty revision rate (chronic obstructive pulmonary disease, depression, diabetes, chronic kidney failure, neoplasm, and surgery related to
hypocalcaemia), osteoporosis, vitamin D deficiency, corticosteroids, and other drugs that could also modify fracture risk (proton pump inhibitors,
antiarrhythmics, anticonvulsants, antiparkinsonism drugs, statins, thiazide diuretics, and anxiolytics).
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Supplemental Table 6. Survival probability (%) of implants by time from primary operation

1YR |2YRS |3YRS | 4YRS [ 5YRS [ 6 YRS | 7YRS | 8YRS | 9 YRS
Never Users 99.50 | 99.16 | 98.90 | 98.65 | 98.42 | 98.23 | 98.05 | 97.88 | 97.70
Calcium and vitamin D use (212 months) 100 99.93 | 99.74 | 99.56 | 99.48 | 99.35 | 99.17 | 98.87 | 98.73
All subjects Improvement of implant failure rate* 100 91.67 | 76.36 | 67.41 | 67.09 | 63.28 | 57.44 | 46.70 | 44.78
Calcium <1,000 mg and vitamin D <800 IU use (212 months) 100 99.94 | 99.69 | 99.51 | 99.41 | 99.41 | 99.26 | 99.02 | 98.71
Calcium <1,000 mg and vitamin D =800 IU use (=12 months) 100 99.92 | 99.78 | 99.63 | 99.60 | 99.50 | 99.42 | 99.17 ND
Never Users 90.39 | 84.42 | 80.41 | 7753 | 75.25 | 73.85 | 73.06 | 72.56 | 72.22
Subjects : N
L - Calcium and vitamin D use (212 months) 100 99.08 | 95.62 | 93.64 | 93.30 | 92.54 | 91.24 | 90.57 ND
with infection
Improvement of implant failure rate* 100 94.09 | 77.64 | 71.70 72.9 71.47 | 67.48 | 65.63 ND
Never Users 99.78 | 99.64 | 99.50 | 99.35 | 99.20 | 99.06 | 98.91 | 98.75 | 98.58
Subjects : _
. g . Calcium and vitamin D use (212 months) 100 99.96 | 99.86 | 99.74 | 99.67 | 99.56 | 99.42 | 99.14 | 98.99
without infection
Improvement of implant failure rate* 100 88.89 | 72.00 | 60.00 58.8 53.19 | 46.79 | 31.20 | 28.87

Abbreviations: YRS, years; ND, not done because of insufficient number of events

*Improvement of implant failure rate = Difference in implant failure rate (rates in users — rates in never users) / implant failure rate in never users x 100(%)




