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ABSTRACT

Background: Osteoporosis is a disease that affects the quality of life and imposes a high socioeconomic burden. Studies have
reported that statins, a HMG CoA reductase inhibitor, have a positive or negative effect on osteoporosis. The purpose of this study
was to analyze the correlation between statins and osteoporosis risk. Methods: We used the total patient sample data of the Health
Insurance Review and Assessment Service (HIRA-NPS-2018). We analyzed the prevalence of osteoporosis in adult patients of
Korea who were diagnosed with dyslipidemia and were prescribed statins at the same time. The odds ratio (OR) according to the
intensity and type of statin was used to confirming the prevalence. Results: Among the 1,138,899 patients included in the study,
143,895 patients used statins and 27,524 patients (19.13%) were diagnosed with osteoporosis in the statin group. The OR value of
statin group was 0.96 (95% CI 0.94-0.98), confirming that the prevalence of osteoporosis decreased, and a significant decrease was
seen in all statin intensity. Some of the moderate-intensity statins rather increased the prevalence of osteoporosis, but atorvastatin and
rosuvastatin obtained positive results at both medium- and high-intensity doses, and lovastatin, a low-intensity statin, showed the
greatest reduction in the prevalence of osteoporosis. Conclusion: We found that the prevalence of osteoporosis was reduced in the
statin group, and there was a constant correlation regardless of gender or age. However, a large, prospective, double-blind and
randomized study is needed for a long period of time to demonstrate the effectiveness of statins.

KEYWORDS: Statin, intensity, ezetimibe, dyslipidemia, osteoporosis

S-S FUE(bone mineral density, BMD)] 749} 2~E}El(statin}> 3-hydroxy-3-methylglutaryl coenzyme A
wo] WAz o s Ao she HAARl FHBo|th)  (HMG-CoA) BUFA AAAR FezelEe] 48 o4
HT AAAF R 193} ARPZE HuA Etes e sl EF SUSHES Bal, A83E(cardiovascular
TUEZO R QF o FgMuIx o]go] WEA F7ISlaL 9lat,  disease, CVD) oL 93 AREHETE!D 181} Jadhay 59

ol 3 A AAF Fehw AXa Yok IFZ A} °4:r1°ﬂ/~1 e o] FY|2EE Ast a3 B A AR o 3wt
= T d3lEo] FHe] Yol ok, B3] HE 2 Qo= 2] thaws ad(pleiotropic effect)S TR

A BT A% YRoI APE AT 2o 4] Ao A SAx, Bokjel BAT B PR S 18 AN
R PIE GOhA g BrERe o] a8 A8 Wtk o] A, BRARIA 2edel ojF 2443 B

AT AT, o|2lol . B, B8 ok, 41 AW 5 T AR AT} A% WA olF,D) AYIRIIATE vheke
230 P ABYE 20 Dine BT 7 2 2vklel IEUTE R F54S AFT AR o
32 27171 2900 e e A7l olRolAT Atk TR o] F Al Mol ejle)] BrieE gl o

[¢

b

*Correspondence to: Kiyon Rhew, College of Pharmacy, Dongduk Women’s University, 60 Hwarang-ro 13-gil, Seongbuk-gu, Seoul, South
Korea, 02748
Tel: +82-2-940-4519, Fax: +82-2-940-4159, E-mail: kiyon@dongduk.ac.kr

278



3 Je H1s7) s 57129 A7 A Ak )
AR e A7 AFelxe ZERle] IHEE 97
< A ARREE RolFal A etk vk 1317k
9] 7] IASE AFMe 2B ARgo] EHES AdS
48% A= A Z ok WSR2l AR o)A
T 913e] T/ A =E2Er)e Aok 71E A
TollM= efglo] AT (bone morphogenic protein-2,
BMP-2)¢] @S S7HAIA 2t8F H8S AP 2
& AN I= sHAIRE, ZElRlo] FY|2HIE WYk ofugt A%
2E o= JFS F7) ufitel] 23]y I} oA,
FEZ9] Yo Eold Ao AR ). 53] 71&
9] Leutner 59 7olrle ZEES] ol mE Ithe%
NA=S] S W7kt A7, =& &3] ZEfEl A18o]
T A9< 4 Bol S7M7E Ao w1
a8y o] AellMe It TEs Aua 98
L1l FA 2289, FrlsA ks )l ek BAgolu o]
FAAEZEE LRtk 4 ozt AL o] Fo|A|A|
FAAY, ZEHRIY] A mE kel EAEAE A4kt
B S o dAEESF SjoAN 2 AR ST
=] 913l ohal weka 1l oA EEFe] A aclSs
A A7da= F83 uE 7H = Ut B AiMe
oI EAEFTEA oA 2B ARRo] ITEEo FHEY
ofd FABAE 7H= A FRlstarzt shH, o s &4
xas F7F AAsk avese] Adadls BAsk] 1

24 Xz A Y Xt

B AT= 20183 3 3)) FRH 13] o] Y 5T HS ol 8T &
Ae] A BlolEQ] AZREANETIele] WA FERA}
E(HIRA-NPS-2018)E &85t} vk 204 oo AlS ol
Aoz siga, Abe xElgl Ald FE(atorvastatin,
fluvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin,
simvastatin) 19-8%0] 2~g}8l A2 BEFale 77t E3
HA] FUA ZEFRT A|AE P B (ezetimibe)S FA100 A
AL B OAEIT . BEAE e 4, 28k
ojL} AAE W HE A% 30Y PR 2 A ek 2AL fibrate
A, omega-3 AWH4E PCSK9 AIA| 5 2Bl = of A
EJr|E 0]9]9] o FAHPF oF=-S APk St o FA A
S ABAE AR ke A= AT B AFe
YA S 7]Eael o] 9 s]e] 419} (DDWU210801)
£ vo} 1A

AREE vt o] ERSIA 1) R o= oA
G=SG Ahibz] ¢kl ~eE = oA E|n|BE X kx| oF

A 2B s 19 S8l wet g3t o) B
Atk 1) A= 2<EFE: fluvastatin 20-40 mg, lovastatin 20
mg, pitavastatin 1 mg, pravastatin 10-20 mg, simvastatin 10
mg, 2) 7% 2E}El: atorvastatin 10-20 mg, fluvastatin 80
mg, lovastatin 40 mg, pitavastatin 2-4 mg, pravastatin 40-80
mg, rosuvastatin 5-10 mg, simvastatin 20-40 mg, 3) I %
2~E}€l: atorvastatin 40-80 mg, rosuvastatin 20 mg. Z~E}& 7+
T el A AP 1Y 89S VIS0 E SFlaL, §F Ajell
A 5 AR B B 2ERE A Aol 2o 2
TE AR o E BRSlth v T3 Aol 2B
dle] F57h WAE ASols ®rh A7 e ek
AHETo & TR

i r-?LO

SHE (covariates)

Sxpe] AH (A, A, AFRIAALTES 82 914
Joz ¥, e g JFS vFH § Jde
Sk} oFE AMS-S FHEl FUlsIh FoES 3l
S Ag THFE iEthAelE] o 2018 ke R1EA|
< Faste], 19 - (S02, S12, S22, S32, S42, S52, S62,

2

Y

k<]

-

= o
r
0

)

S72, $82, $92), A 7|5 ABHNS3.3, E89.4, Q50.0, E28.3),
71535 (E05), FAPEA71s3x15(E21), 213t
SR AS(E22.1), FAZFR(EL0), = (EL0, E11), FolE)
2~

2WHAMO6)eE ARSI oFEEe s=2EuiA e
(hormone replacement therapy, HRT) S ZH=zko 2 A
A&}k HRT ARE-2-2 estradiol A 2 B34, conjugated
estrogens, tiboloneS $3<: 28 o)A} xukike. o= A o)}
At Ze d3 Fole =i dW AR 27 A
(KCD-7) == &8-3}59th

o
W Aol A 9 BES B BUFZ(MS0), §H T
£ g $R9 AselN g B}
FEME)S 18] o3 AT W A9 23S WA 39
o} 283 94 KCD-75 8319 gsisir.



280 / Korean J Clin Pharm, Vol. 31, No. 4, 2021

ettt ZERIANE Y U8 e EAZEI AR
& B3 24| (0dds ratio, OR), FH#HO Z WA Q =H]|
(adjusted OR, OR,;;)?} 95% ~A1#|7H(confidence interval,
Chys 3 ArS AT TAA Frolde o9 0.052 &
GSIATH(p<0.05). BE SA F242 SAS 9.4 (SAS Institute
Inc., Cary, North Carolina, USA)S &-8-3}] A]3 =1t}

17 A}

o

AT G AF5 0l A 204] o) A1 BA= 1,197,12978 0] K
o, e 19-8%0] el A 7)Eel] TFEA] EUA
U 2ElE = GAEREE A4 30Y ol g AHmkA] eke
749-(41,0327), Z=E}E} AAEN|HE FAJol] A
ZEFRI /A ER B B3| e T2 o] A AT S A
ke A9(17,198%)5 AlQlstlth. 18jug 2 At 2
3 A= Z 1,138,899 oW, T2 994,736H, A E] T
H AR 2687, 2~EFE] AR 143,895 0. 2 LR QT

oz, JAlAEIH| B, AR, 2~EFE ARSellA] 2 R o
A HIE-L 51.36%, 51.12%, 55.87%= RE oA GAR
of oA o] WAL, 654 o] S f= 7 TIHE 134,02278
(13.47%), 9178(33.96%), 64,8217 (45.05%)°] At} tha-=
THHESe] fFHES B 29 gdRlS e )
7P B3k, 24, FrlEawdy oz A et 1
2 PZy} FAYSITLS Ak Sxl=s BE FollA
FEEA] o} FRFA ALJEIATE. HRTS e 32k=

N

O Z21(1.42%)E T} S| A E R 2 AR, 2<EFR] ARg-ol| A Zh
7} 5.22,2.16%=Z A VERGTH Table 1).

AEIEINEH ECHE 39| AEd
TS e $ak= tx2arelA] 50,4299 (5.07%),
NAEE B ALEFoNA 47 (17.54%), Z=E}El ARStoll A
27,5249 (19.13%)°|0t}. thET-S 71F0 = slo] oAEn]
B AR 2B ARSTelA o] 2T S v
A3, AAER B ARTeME SAHCE ok
o] YEPA] e39k31(0R,4=1.17, 95% CI; 0.82-1.68), 2~E}&l
ARGl EtEsel FHEC]l ASIATHOR,;;=0.96,
95% CI; 0.94-0.98). e}l 7o W Itfds FHE
(OR ) BE ZFollN SAHCR fFejvlshl sad A
golstg o, AZE ek 0.89 (95% CI; 0.79-0.99), 7%
T 2B 0.96 (95% CI; 0.94-0.98), 1174% e}l 0.88
(95% CI; 0.82-0.95)0. & z}7z} 245 tK Table 2).

dde] g 2ElY FUE5e A4S 2EEY] An
o whg} Zpol7} Yebstth. AR A e F4%, 4T 2~
EHS A 3xjoll] OR,g7ko] BAIZ o2 frojn|shA
Aoy AR e AT e ARETo| ARt
5 i Ee] H(0R,4=0.89, 95% CI; 0.82-0.96)5151
TSk 654 IRk 491 FRPIME TS 2EFRIARS T
A5 2EFRIARE TN S-S R EC] AT, 65
| o) nESAlME 1% 2EHE ARSSEAll AR ST
3% FEEC] Z4(0R,3=0.92, 95% CI; 0.84-0.99)3+ 2o
E2A 5 T Table 3).

Mo

X

i

f

Table 1. Basic characteristics of adult patients prescribed statins, ezetimibe, and control

n (%)
Characteristics of Patients Control Ezetimibe Statin p value
(n=994,736) (n=268) (n=143,895)
Man 483,830 (48.64) 131 (48.88) 63,496 (44.13)
Gender <.0001
Woman 510,906 (51.36) 137 (51.12) 80,399 (55.87)
220, and <65 860,714 (86.53) 177 (66.04) 79,074 (54.95)
Age Group <.0001
>65 134,022 (13.47) 91 (33.96) 64,821 (45.05)
Health insurance 968,295 (97.34) 253 (94.40) 135,942 (94.48)
Insurance Type ~ Medical aid 25,945 (2.61) 15 (5.60) 7625 (5.30) <.0001
Veterans 496 (0.05) 0 (0.00) 328 (0.23)
Diabetes mellitus 67,394 (6.78) 121 (45.15) 60,008 (41.70) <.0001
_ Fracture 56,097 (5.64) 24 (8.96) 13,012 (9.04) <.0001
Risk factors of o} o matoid arthritis 16,337 (1.64) 10 3.73) 5,345 (3.71) <0001
osteoporosis
Thyroid disease 12,311 (1.24) 8(2.99) 4,071 (2.83) <.0001
Ovarian hypofunction 649 (0.06) 0 (0.00) 52 (0.04) 0.0002
Hormone replacement treatment 14,127 (1.42) 14 (5.22) 3,103 (2.16) <.0001
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Table 2, The association between medication use for dyslipidemia and osteoporosis

Number of patients (%) Crude OR (95% CI) Adjusted OR (95% CI)
ini i non-osteoporosis 994,307 (94.93)
Non (_1ysllp1dem1a P Reference Reference
(n=994,736) osteoporosis 50,429 (5.07)
imi non-osteoporosis 221 (82.46
Ezetimibe users P ) 3.98 (2.91-5.46) 1.17 (0.82-1.68)
(n=268) osteoporosis 47 (17.54)
; non-osteoporosis 116,371 (80.87
Al satin users p (80.87) 4.43 (4.36-4.50) 0.96 (0.94-0.98)
(n=143,895) osteoporosis 27,524 (19.13)
Low intensity 2,434 (1.69) 431 (3.89-4.77) 0.89 (0.79-0.99)
Statin intensity Moderate intensity 133,077 (92.48) 4.50 (4.43-4.57) 0.96 (0.94-0.98)
High intensity 8,384 (5.83) 3.43(3.23-3.64) 0.88 (0.82-0.95)

Adjusted OR; odds ratio adjusted by patients’ age, gender, insurance type, diabetes mellitus, fracture, rheumatoid arthritis, thyroid disease,

ovarian hypofunction, and hormone replacement therapy
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Table 3. The association between medication use for dyslipidemia and osteoporosis by subgroups

Patients characteristics OR (95% CI) OR,4 (95% CI)

Non dyslipidemia Reference Reference
Ezetimibe users 3.58 (1.58-8.12) 0.93 (0.40-2.16)*
M All statin users 3.80 (3.64-3.97) 0.83 (0.79-0.88)?

an
Low intensity 4.92 (3.85-6.30) 0.89 (0.68-1.15)*
Moderate intensity 3.75 (3.58-3.93) 0.83 (0.79-0.88)*
High intensity 4.20(3.70-4.77) 0.84 (0.73-0.96)*
Gender

Non dyslipidemia Reference Reference
Ezetimibe users 4.53 (3.14-6.53) 1.25 (0.84-1.86)*
All statin users 4.63 (4.55-4.72) 0.99 (0.97-1.02)*

Woman

Low intensity 4.34 (3.85-4.88) 0.89 (0.78-1.01)*
Moderate intensity 4.65 (4.57-4.74) 0.99 (0.97-1.02)*
High intensity 4.40 (4.09-4.74) 0.89 (0.82-0.96)*

Non dyslipidemia Reference Reference
Ezetimibe users 4.17 (2.56-6.80) 0.83 (0.49-1.41)°
All statin users 4.35(4.24-4.47) 0.99 (0.97-1.02)°
<65 years b
Low intensity 4.32 (3.60-5.20) 0.88 (0.72-1.07)
Moderate intensity 4.41 (4.30-4.53) 0.85 (0.82-0.88)°
High intensity 3.37(3.03-3.74) 0.84 (0.74-0.94)°

Age group

Non dyslipidemia Reference Reference
Ezetimibe users 1.80 (1.16-2.79) 1.38 (0.84-2.26)°
All statin users 1.61 (1.58-1.65) 1.00 (0.97-1.03)°

=65 years

Low intensity
Moderate intensity

High intensity

1.41 (1.24-1.60)
1.65 (1.61-1.68)
1.20 (1.11-1.30)

0.92 (0.80-1.06)"
1.01 (0.98-1.04)°
0.92 (0.84-0.99)"

ORadja; odds ratio adjusted by patients’ age, insurance type, diabetes mellitus, fracture, rheumatoid arthritis, thyroid disease, ovarian

hypofunction, and hormone replacement therapy

ORadjb; odds ratio adjusted by gender, insurance type, diabetes mellitus, fracture, rheumatoid arthritis, thyroid disease, ovarian hypofunction, and

hormone replacement therapy
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Table 4, The association between types of statin and osteoporosis

Pitavastatin Fluvastatin Pravastatin Lovastatin Simvastatin Atorvastatin Rosuvastatin
(=1,008368)  (n=995,718)  (n=997,468)  (1=995,127)  (n=995224)  (n=1,062,899) (n=1,054,119)
Control Reference Reference Reference Reference Reference Reference Reference
All statin users 1.06 0.99 0.99 0.44 0.88 0.93 0.95
(1.01-1.12) (0.80-1.22) (0.89-1.12) (0.23-0.84) (0.61-1.27) (0.90-0.95) (0.93-0.98)
Intensity
0.94 <0.01 0.88 047
Low (0.77-1.13)  (<0.01,599.99)  (0.75-1.12) (0.23-0.85) No case N/A N/A
Moderate 1.07 0.99 1.20 <0.01 0.88 0.93 0.96
(1.02-1.13) (0.81-1.23) (1.01-1.42) (<0.01,>99.99) (0.61-1.27) (0.90-0.96) (0.93-0.99)
. 0.86 0.88
High N/A N/A N/A N/A N/A (0.76-0.97) (0.81-0.96)

Adjusted OR; odds ratio adjusted by patients’ age, gender, insurance type, diabetes mellitus, fracture, rheumatoid arthritis, thyroid disease,

ovarian hypofunction, and hormone replacement therapy
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