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Objective: We aimed to identify factors associated with adverse event (AE) reports
in statin-associated muscle symptoms (SAMS) using hierarchical clustering of
patients in the Korea Institute of Drug Safety and Risk Management - Korea Adverse
Event Reporting System database (KIDS-KAERS DB) (2105A0027). Methods: To
explore the characteristics and risk factors of SAMS reports, we analysed the KIDS-
KAERS DB from 2016 to 2020. We included reports with a causality category
level of “possible” or higher. Hierarchical clustering analysis was used to identify
distinctive patterns within the dataset, with a particular focus on variables such as
sex, age, statin type, contraindicated drugs and concomitant drugs. The reporting
characteristics were described according to the cluster. Results: Four clusters of AE
reports were distinguished by hierarchical clustering: atorvastatin- and rosuvastatin-
associated AE (cluster 1), pitavastatin- and simvastatin-associated AE (cluster 2),
rosuvastatin-associated AE (cluster 3), and atorvastatin-associated AE (cluster 4).
Cluster 1 had a relatively higher proportion of men (57 cases, 50.9%) and a higher
mean age (64.8 years) than the other clusters. Concomitant drug use was more
common in cluster 1 (56 cases, 50.0%) than in other clusters (33.5%-46.2%), and all
serious AEs were observed in cluster 1. Conclusion: Using hierarchical clustering,
we found four distinct clusters based on SAMS report characteristics. Our findings
further emphasize that patients prescribed statins, especially elderly male patients
taking rosuvastatin and atorvastatin concomitantly with other medications, should
be closely monitored for the development of rhabdomyolysis. (PeRM 2024;16:29-39)
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Table 1 List of statin in study

ATC code Substance name
C10AA05 Atorvastatin

C10BX08 Atorvastatin and acetylsalicylic acid
C10BX03 Atorvastatin and amlodipine

C10BA0O5 Atorvastatin and ezetimibe

C10BAO8 Atorvastatin and omega-3 fatty acids
C10BX15 Atorvastatin and perindopril

C10BX12 Atorvastatin, acetylsalicylic acid and perindopril
C10BX06 Atorvastatin, acetylsalicylic acid and ramipril
C10BX11 Atorvastatin, amlodipine and perindopril
C10BX18 Atorvastatin, amlodipine and ramipril
C10AA06 Cerivastatin

C10AA04 Fluvastatin

C10AA02 Lovastatin

C10BAO1 Lovastatin and nicotinic acid

C10AA08 Pitavastatin

C10AA03 Pravastatin

C10BX02 Pravastatin and acetylsalicylic acid
C10BAM Pravastatin and ezetimibe

C10BA03 Pravastatin and fenofibrate

C10BA12 Pravastatin, ezetimibe and fenofibrate
C10AAQ7 Rosuvastatin

C10BX05 Rosuvastatin and acetylsalicylic acid
C10BX09 Rosuvastatin and amlodipine

C10BA06 Rosuvastatin and ezetimibe

C10BA09 Rosuvastatin and fenofibrate

C10BX16 Rosuvastatin and fimasartan

C10BAO7 Rosuvastatin and omega-3 fatty acids
C10BX17 Rosuvastatin and ramipril

C10BX10 Rosuvastatin and valsartan

C10BXO07 Rosuvastatin, amlodipine and lisinopril
C10BX14 Rosuvastatin, amlodipine and perindopril
C10BX13 Rosuvastatin, perindopril and indapamide
C10AA01 Simvastatin

C10BX01 Simvastatin and acetylsalicylic acid
C10BA02 Simvastatin and ezetimibe

C10BA04 Simvastatin and fenofibrate

C10BX04 Simvastatin, acetylsalicylic acid and ramipril

ATC, Anatomical Therapeutic Chemical Classification System.
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Spontaneous adverse events reports 2016-2020
(No. of ICSRs=1,602,109)

Exclusion criteria

- Notinitially reported cases
(No. of ICSRs=38,581)

- Reporting error

+ (No. of ICSRs=2,640)

Spontaneous adverse events reports 2016-2020
(No. of ICSRs=1,560,888)
(No. of ADRs=1,461,072)
(No. of drug-targeted AE pairs=1,011,234)

Y

A 4

Reports included statin-associated muscle symptoms
(No. of ICSRs=2,708)

Exclusion criteria

- Reports with a causality levels
categorized as “unlikely” or
“conditional/unclassified” or
“unassessible/unclassifiable”

A/ (No. of ICSRs=805)

Reports with causality levels categorized as
“certain”, “probable”, and “possible”

(No. of ICSRs=1,903)

v

Fig.1 Flow diagram for selection of individual case safety reports (ICSRs).
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Factor Map
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Fig. 2 Dendrogram and hierarchical cluster analysis. (A) Dendrogram generated
using Jaccard distance and the Ward. D2 agglomerative method. The bold vertical
line indicates the height of fusion into clusters proposed and the x-axis indicates
the ICSRs (n = 1,903) at the bottom of the dendrogram (leaf nodes). (B) Scatter plot
showing the ICSRs. The first 2 dimensions cumulatively accounted for 21.5% of the
total variance. We performed a scatter plot showing ICSRs according to the cluster
to which the color belongs.
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Table 2 Characteristics of ICSRs on statin-associated muscle symptoms by cluster

Total Cluster1 Cluster 2 Cluster 3 Cluster 4
Characteristic, n (%) (n=1,903) (n=112) (n=397) (h=712) (n=682) p-value
n (%)

Age 0.0027
0to <19 years 5(0.3) 0(0) 1(0.3) 2(0.3) 2(0.3)

19 years to < 65 years 1,243 (65.3) 52 (46.4) 270 (68.0) 470 (66.0) 451 (66.1)
65 years and above 655 (34.4) 60 (53.6) 126 (31.7) 240(33.7) 229(33.6)

Sex 01376
Male 791(41.6) 57(50.9) 153(38.5) 297 (41.7) 284 (41.6)

Reported year <.0001
2016 306 (16.1) 16 (14.3) 70 (17.6) 92 (12.9) 128 (18.8)

2017 384 (20.2) 28 (25.0) 76 (19.1) 139 (19.5) 141(20.7)
2018 394 (20.7) 28 (25.0) 125 (31.5) 114 (16.0) 127 (18.6)
2019 374 (19.7) 20 (17.9) 61(15.4) 164 (23.0) 129 (18.9)
2020 445 (23.4) 20 (17.9) 65(16.4) 203(28.5) 157 (23.0)

Original reporter <.0001
Physicians 588 (30.9) 70 (62.5) 150 (37.8) 186 (26.1) 182 (26.7)
Pharmacist 1,083 (56.9) 18 (16.1) 191 (48.1) 452 (63.5) 422 (61.9)

Nurses 124 (6.5) 8(71) 25(6.3) 33(4.6) 58 (8.5)
Consumers 35(1.8) 2(1.8) 8(2.0) 16 (2.2) 9 (1.3)
Others 5(0.3) 5(4.5) 0(0) 0(0) 0(0)

Missing 68 (3.6) 9(8.0) 23(5.8) 25 (3.5) 11(1.6)

Serious outcome of event <.0001
Serious adverse event 112 (5.9) 112 (100.0) 0(0) 0(0) 0(0)

Persistent or significant disability 3(0.2) 3(2.7) 0(0) 0(0) 0(0)
Congenital anomaly 0(0) 0(0) 0(0) 0(0) 0(0)
Life-threatening 2(01) 2(1.8) 0(0) 0(0) 0(0)
Death 1(0.1) 1(0.9) 0(0) 0(0) 0(0)
Hospitalization/prolongation of hospital stay 79 (4.2) 79 (70.5) 0(0) 0(0) 0(0)
Other unspecified clinical intervention 43 (2.3) 43 (38.4) 0(0) 0(0) 0(0)

Report type <.0001
Spontaneous reporting 1,574 (82.7) 61(54.5) 278(70.0) 612(86.0) 623 (91.3)

Research (including re-examination) 312 (16.4) 34 (30.4) 119 (30.0) 100 (14.0) 59 (8.7)
Literature 17 (0.9) 17 (15.2) 0(0) 0(0) 0(0)

Statin type
Simvastatin 164 (8.6) 20 (17.9) 144 (36.3) 0(0) 0(0) <.0001
Lovastatin 1(01) 0(0) 0(0) 0(0) 1(01) <.0001
Atorvastatin 737 (38.7) 39(34.8) 2(0.5) 15 (2.1) 681(99.9) <.0001
Rosuvastatin 759 (39.9) 41(36.6) 4 (1.0) 712 (100.0) 2(0.3) <.0001
Pitavastatin 190 (10.0) 7(6.3) 178 (44.8) 3(0.4) 2(0.3) <.0001
Pravastatin 103 (5.4) 4(3.6) 99 (24.9) 0(0) 0(0) <.0001
Fluvastatin 11(0.6) 3(27) 8(2.0) 0(0) 0(0) <.0001

Concomitant drug 777 (40.8) 56 (50.0) 133(33.5) 273(38.3) 31546.2) <.0001

Contraindication drug 8(0.4) 2(1.8) 2(0.5) 2(0.3) 2(0.3) 01301
Atorvastatin-cyclosporine 2(01) 0(0) 0(0) 0(0) 2(0.3)
Simvastatin-cyclosporine 3(0.2) 1(0.9) 2 (0.5) 0(0) 0(0)
Rosuvastatin-cyclosporine 3(0.2) 1(0.9) 0(0) 2(0.3) 0(0)

ICSRs, individual case safety reports; SD, standard deviation; AE, adverse event.
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Table 3 Top 20 frequently reported AEs by cluster grouped by WHO-ART PT terms

Total Cluster1 Cluster2 Cluster3 Cluster4
PT,n (%) (n=1903) (n=112) (=397) (=712) (n=682)
n (%)

Myalgia 1,498 (78.7) 17(15.2) 296 (74.6) 614 (86.2) 571(83.7)
Creatine phosphokinase increased 105(5.5) 18 (16.1) 47(M.8) 20(2.8) 20(2.9)
Azotaemia 7741 25(22.3) 19(4.8) 14 (2.0) 19 (2.8)
Muscle weakness 73(3.8) 5(4.5) 13(3.3) 24(34) 31(4.6)
Rhabdomyolysis 54(28) 31(277) 2(0.5) 9 (1.3) 12 (1.8)
Headache 43 (2.3) 3(27) 10 (2.5) 21(3.0) 9(1.3)
Fatigue 40 (2) 2(1.8) 7(1.8) 16 (2.3) 15 (2.2)
Arthralgia 38(2.0) 0(0) 8(2.0) 13 (1.8) 17 (2.5)
Asthenia 35(1.8) 6(5.4) 4 (1.0 16 (2.3) 9(1.3)
Renal function abnormal 32(1.7) 6 (5.4) 7(1.8) 10 (1.4) 9(1.3)
Dyspepsia 31(1.6) 2(1.8) 3(0.8) 15 (2.1) 11(1.6)
Dizziness 29 (1.5) 2(1.8) 5(1.3) 15 (2.1) 7 (1.0)
Myopathy 27 (1.4) 5(4.5) 6 (1.5) 5(0.7) 11(1.6)
Renal failure acute 22 (1.2) 18 (16.1) 0(0) 2(0.3) 2(0.3)
Urine abnormal 22 (1.2) 0(0) 2 (0.5) 11(1.5) 9(1.3)
Nausea 21(11) 4(3.6) 5(1.3) 8(1.1) 4 (0.6)
Diarrhoea 20 (1) 2(1.8) 1(0.3) 8(1.1) 9(1.3)
Paraesthesia 19 (1.0) 0(0) 2 (0.5) 8(11) 9(1.3)
Fever 16 (0.8) 3(27) 5(1.3) 6(0.8) 2(0.3)
Anorexia 15 (0.8) 3(27) 2(0.5) 6(0.8) 4 (0.6)

WHO-ART, WHO adverse reaction terminology; PT, preferred term.
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