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Statin Dose Trajectories and Risk of Graves’ Orbitopathy in Patients with Graves’
Disease Using Clustering Algorithm
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Objectives: Graves' orbitopathy (GO) is an autoimmune condition linked with Graves' disease (GD). This study focuses on the relationship between statin
dose trajectories and the risk of developing GO among GD patients using the data from the National Health Insurance Service (NHIS). Methods: Utilizing
the KmL (k-means for longitudinal data) clustering algorithm, we categorized patients with GD and hyperlipidemia into three distinct groups based on
their two-year pre-diagnosis statin dosage. A Cox proportional hazards model with inverse probability weighting (IPW) was applied to evaluate the risk
of GO across the identified clusters. Results: The findings suggest that patients within the ‘Moderate’ statin dosage cluster are at a statistically lower risk
of developing GO compared to those who did not use statins (p=0.048). Conclusions: Moderate statin use significantly reduces the risk of GO in GD
patients. These findings support the potential role of statins in GO prevention.
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1,137,861 NHIS-NSC Population (2002-2019)

Y

1,544 Patients with hyperlipidemia who were
diagnosed with GD after 2004

A

4

640 Patients who have taken statins at least once
during the two-year period before GD

v

v

Y

423'Low’group

217 'Moderate to High'group 904‘Non-users’'group

Figure 1. Flow chart of patients with Graves' disease (GD). NHIS-NSC, The National Health Insurance Service-National Sample Cohort.
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Table 1. Baseline characteristics by statin dose cluster

Non-users Low Moderate to High
Variables p-value
n (%) or Mean+SD n (%) or Mean+SD n (%) or Mean+SD

Age (y) 51.7+13.2 58.5+109 62.6+10.7 <0.001
Female 609 (67.4) 304 (71.9) 163 (75.1) 0.043
Income 0.728

Low 197 (22.7) 92(22.8) 51(24.3)

Middle 309 (35.6) 142 (35.2) 64 (30.5)

High 361(41.6) 169 (41.9) 95 (45.2)
Region 0.297

Capital 432 (47.8) 195 (46.1) 114 (52.5)

Metropolitan 179 (19.8) 91 (21.5) 48 (22.1)

Rural 293 (324) 137 (324) 55(25.3)
Smoking 205 (26.3) 102 (26.4) 39(21.2) 0.333
Drinking 190 (30.9) 85 (26.3) 30(18.6) 0.007
Cholesterol (mg/dL) 187.17£38.35 207.17+47.03 171.51+£37.59 <0.001
Fasting blood sugar (mg/dL) 104.08 +£30.52 106.85 +26.06 108.41+£23.19 0.133
Body mass index (kg/m?) 23.68+3.31 2443+331 24.68+2.95 <0.001
lodine 16(1.8) 7(1.7) 3(1.4) 0.922
Diabetes mellitus 306 (33.8) 180 (42.6) 122 (56.2) <0.001
Autoimmune disease 163 (18.0) 88(20.8) 66 (30.4) <0.001
Hypertension 378(41.8) 275 (65.0) 173(79.7) <0.001
Ischemic heart disease 145 (16.0) 122 (28.8) 91 (41.9) <0.001
Congestive heart failure 73(8.1) 45(10.6) 41(18.9) <0.001
Peripheral vascular disease 161 (17.8) 116 (27.4) 79 (36.4) <0.001
Cerebrovascular disease 109 (12.1) 87 (20.6) 72(33.2) <0.001
Chronic pulmonary disease 523 (57.9) 269 (63.6) 149 (68.7) 0.006
Rheumatologic disease 130 (14.4) 74(17.5) 45(20.7) 0.049
Mild liver disease 485 (53.7) 231 (54.6) 121 (55.8) 0.839
SD, standard deviation.
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Figure 2. Trends in average silhouette width (ASW) and Dunn index by number
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Table 3. Prevalence of Graves’ orbitopathy (GO) by cluster (hollow is weighted, solid is unweighted)
Non-GO GO Overall Figure 5. Comparison of p-values for pretreatment variables before and af-
Cluster (n=1,461) (n=83) (n=1,544) ter inverse probability weighting (IPW). Black solid circles indicate p-values
n (%) n (%) n before IPW, and white hollow circles show p-values after IPW. The x-axis
Non-users 853 (94.3) 51(5.6) 204 ranks Fovarlates by p-v_alue magn_ltusie, whll_e the y-axis displays the corre-
sponding p-values (using the pairwise minimum method). “es.mean” de-
Low 397 (93.8) 26 (6.1) 423 . I . S
. notes the stop method in the generalized boosting model that minimizes
Moderate to High 211(97.2) 6(2.8) 217 average standardized bias.
100
075
2
;;
-8 Statin dose cluster
8 050 =+~ Non-users
2
< == Low
A
025 == Moderate to high
0 1 1 1 J
50 100 150 200
Follow-up time (month)
Number at risk
Statin dose cluster Follow-up time (month)
75 100 125 150 175 200
Non-users 904 899 809 458 90 0
Low 423 421 381 221 49 0
Moderate to High 216 202 135 34 5 0

Figure 4. Kaplan-Meier curves by statin dose cluster.
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Table 4. Comparison of p-values and standardized mean differences be-
fore and after IPW

Before IPW After IPW

Variables

p-value  SMD p-value  SMD
Age <0.001 0644 0433 0.090
Female 0043 0.114 0.022 0.173
Income 0.728 0.073 0479 0.119
Region 0297 0.121 0.105 0.173
Smoking 0.333 0.081 0.721 0.050
Drinking 0.007  0.191 0.601 0.067
Cholesterol <0.001 0572 0.896 0.049
Fasting blood sugar 0.133  0.107 0.652 0.055
Body mass index <0.001 0207 0.799 0.066
lodine 0922  0.021 0.522 0.059
Diabetes mellitus <0.001 0306 0423 0.090
Autoimmune disease <0.001  0.195 0.829 0.030
Hypertension <0.001 0.551 0.595 0.076
Ischemic heart disease <0.001 03% 0.799 0.037
Congestive heart failure <0.001 0214 0.707 0.042
Peripheral vascular disease <0.001 0284 0.688 0.044
Cerebrovascular disease <0.001 0347 0.724 0.041
Chronic pulmonary disease 0.006 0.150 0.602 0.067
Rheumatologic disease 0.049 0.112 0.955 0.012
Mild liver disease 0839 0.028 0.095 0.149

IPW, inverse probability weighting; SMD, standardized mean differences.
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Table 5. Results of the IPW Cox proportional hazards model analysis

Statin dose cluster  Estimate SE HR (95% Cl) p-value
Non-users Reference - 1.00 -
Low 0.29 0.27 1.34(0.96-3.13) 0.292
Moderate to High -1.01 0.50 0.36 (0.16-0.83) 0.048

IPW, inverse probability weighting; SE, standard error; HR, hazard ratio; Cl,
confidence interval.
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Supplementary Table 1. ICD-10 codes of diagnoses used for defining the study population, comorbidities, and outcomes

Diagnosis ICD-10 codes'

GD E05

Thyroid cancer C73

Diabetes mellitus E11,E12,E13,E14,R73

Autoimmune disease D271,D510, D591, D86, E10, G35, G700, L80, M06, M32, M350, M353
Hypertension 110,111,112,113,115

Ischemic heart disease 120,121,122, 123, 124, 125

Congestive heart failure 143,150, 1099, 1110, 1130, 1132, 1255, 1420, 1425, 1426-1429, P290
Peripheral vascular disease 170,171,1731,1738,1739,1771,1790, 1792, K551, K558, K559, Z958, Z959
Cerebrovascular disease G45, G46, 160-169, H340

Chronic pulmonary disease J40-J47,60-J67, 1278, 1279, J684, 1701, J703

Rheumatologic disease MO5, M06, M32-M34, M315, M351, M353, M360

Mild liver disease B18, K73, K74, K700-K703, K709, K713-K715, K717, K760, K762-K764, K768, K769, 2944
GO H062

GD, Graves' disease; GO, Graves' orbitopathy.
'International Classification of Disease, 10th revision by the World Health Organization.

Supplementary Table 2. Medications of diagnoses used in the study

Diagnosis Medications
Graves'disease Carbimazole, Methimazole, Propylthiouracil
Diabetes mellitus Acarbose, Albiglutide, Alogliptin, Anagliptin, Dapagliflozin, Dulaglutide, Empagliflozin, Evogliptin, Exenatide, Gemigliptin,

Glibenclamide, Gliclazide, Glimepiride, Glipizide, Human insulin, Insulin aspart, Insulin degludec, Insulin detemir, Insulin
glulisine, Insulin lispro, Ipragliflozin, Linagliptin, Lixisenatide, Lobeglitazone, Metformin hydrochloride, Miglitol, Mitiglinide
calcium hydrate, Nateglinide, Pioglitazone, Repaglinide, Rosuvastatin, Saxagliptin, Sitagliptin, Teneligliptin, Vildagliptin,
Voglibose
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