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SUPPLEMENTARY MATERIALS 
Supplementary Table S1. IC/AID conditions, HZ complications, and their respective ICD-10 codes
	[bookmark: _Hlk139877995]IC/AID Conditions and HZ Complications
	Definition/ICD-10 codesa

	Diseases related to immunosuppression

	Human immunodeficiency virus infection
	At least one inpatient or outpatient diagnosis 
ICD-10: B20, B21, B22, B23, B24

	Hemato-oncology conditions
	At least one inpatient or outpatient diagnosis 
ICD-10: C81, C82, C83, C84, C85, C86, C87, C88, C89, C90, C91, C92, C93, C94, C95, C96

	Myelodysplastic syndrome
	At least one inpatient or outpatient diagnosis 
ICD-10: D46

	Decompensated liver cirrhosis 
	At least one inpatient or outpatient diagnosis with history of cirrhosis during follow-up period†
ICD-10:
Ascite: R18
Spontaneous bacterial peritonitis: K650
Hepatorenal syndrome: K767
Esophageal varices with bleeding: I850, I983
Hepatic encephalopathy: cirrhosis plus a prescription of rifaximin and/or lactulose on the same date

	Diseases related to immunosuppressant use

	Crohn’s disease
	At least one inpatient or outpatient diagnosis
ICD-10: K50

	Ulcerative colitis
	At least one inpatient or outpatient diagnosis
ICD-10: K51

	Rheumatoid arthritis 
	At least one inpatient or outpatient diagnosis
ICD-10: M05, M06, M082, M083, M084

	Psoriasis
	At least one inpatient or outpatient diagnosis
ICD-10: L40

	Systemic lupus erythematosus
	At least one inpatient or outpatient diagnosis
ICD-10: M32

	Ankylosing spondylitis
	At least one inpatient or outpatient diagnosis
ICD-10: M45, M081

	Aplastic anemia
	At least one inpatient or outpatient diagnosis 
ICD-10: D61

	Transplants (including solid organ and hematopoietic stem cell transplants)
	At least one inpatient or outpatient diagnosis 
ICD-10: T86, Z94

	HZ complications

	Cutaneous
	At least one claims within 30 days after the initial date of herpes zoster diagnosis
ICD-10: L03.x, L089, M726, A400, A410, L88

	Disseminated
	At least one claims within 30 days after the initial date of herpes zoster diagnosis
ICD-10: B02.7 only

	Ocular
	At least one claims within 30 days after the initial date of herpes zoster diagnosis
ICD-10: H03.1, H131, H220, H209, H192, H16, H190, H150, H570, H440, H024, H54, H309, H358

	Neurologic
	At least one claims within 30 days after the initial date of herpes zoster diagnosis
ICD-10: G020, A879, G527, G510, H903, H904, G051, J986, G628, G373, G048

	Postherpetic neuralgia
	At least one claims between 90 and 365 days after initial date of herpes zoster diagnosis
ICD-10: B02.2 or G53.0

	Other complications 
	At least one claims within 30 days after the date of herpes zoster diagnosis
ICD-10: B02.8

	No complications
	At least one claim of ICD-10: B02.9 after the date of herpes zoster diagnosis and none of above
ICD-10: B02.9 and none of above



AID: autoimmune disease; HZ: herpes zoster; IC: immunocompromised; ICD-10: International Classification of Diseases, 10th revision. aHistory of cirrhosis required to have at least one inpatient or outpatient diagnosis (ICD-10: K703, K74, K743, K744, K745, K756).
Supplementary Table S2. Trend of HZ incidence rates per 1,000 persons among patients with IC/AID in the Republic of Korea from 2016 to 2020, stratified by year, age, sex, IC/AID conditions, and HZ-related complications (sensitivity analysis)

	
	Number of IC/AID patients, n
	Number of HZ cases; na, b
	Annual incidence rates; n (95% CIc) d, e

	Year
	
	
	

	2016
	557,521
	14,152
	25.38 (24.97–25.80)

	2017
	765,793
	20,849
	27.23 (26.86–27.59)

	2018
	941,930
	26,246
	27.86 (27.53–28.20)

	2019
	1,101,371
	30,442
	27.64 (27.33–27.95)

	2020
	1,229,948
	31,868
	25.91 (25.63–26.19)

	Average
	919,313
	24,711
	26.80 (25.84–27.77)

	Age group, yearsf
	
	
	

	18–29
	68,397
	822
	11.94 (11.51–12.37)

	30–39
	100,474
	1,846
	18.24 (17.38–19.09)

	40–49
	148,169
	3,124
	20.89 (19.79–21.99)

	50–59
	217,792
	6,424
	29.46 (28.47–30.45)

	60–64
	106,611
	3,617
	33.90 (32.75–35.05)

	65–69
	84,722
	2,986
	35.25 (34.28–36.23)

	70–79
	132,640
	4,370
	33.03 (31.50–34.57)

	80+
	60,506
	1,523
	26.03 (23.83–28.23)

	Sexf
	
	
	

	Male
	400,841
	8,848
	22.04 (21.29–22.80)

	Female
	518,472
	15,864
	30.48 (29.33–31.63)

	IC/AID conditionsf
	
	
	

	Aplastic anemia
	11,749
	374
	32.42 (29.67–35.16)

	Decompensated liver cirrhosis
	35,079
	609
	17.43 (16.06–18.79)

	Hemato-oncology conditions
	59,356
	2,557
	44.30 (39.18–49.42)

	Human immunodeficiency virus infection
	12,366
	342
	27.70 (26.20–29.20)

	Myelodysplastic syndrome
	8,570
	276
	32.97 (29.91–36.03)

	Ankylosing spondylitis
	62,157
	1,332
	21.10 (19.49–22.71)

	Crohn’s disease
	14,254
	312
	21.70 (19.58–23.81)

	Psoriasis
	274,803
	5,808
	20.80 (19.23–22.37)

	Rheumatoid arthritis
	431,343
	13,057
	30.10 (28.74–31.45)

	Systemic lupus erythematosus
	34,834
	1,236
	35.58 (34.13–37.02)

	Transplants (including solid organ and hematopoietic stem cell transplants)
	26,501
	1,242
	47.18 (44.58–49.78)

	Ulcerative colitis
	50,526
	1,222
	23.84 (22.00–25.68)

	HZ complicationsf
	
	
	

	Cutaneous
	
	1,314
	1.42 (1.34–1.50)

	Disseminated
	
	368
	0.41 (0.38–0.44)

	Ocular
	
	930
	1.01 (0.97–1.04)

	Neurologic
	
	301
	0.33 (0.32–0.34)

	Postherpetic neuralgia
	
	2,253
	2.33 (1.80–2.87)

	Other complications
	
	4,832
	5.26 (5.03–5.48)

	All complications
	
	7,911
	8.60 (8.29–8.91)

	No complications
	
	16,800
	18.21 (17.54–18.87)



AID: autoimmune disease; CI: confidence interval; HZ: herpes zoster; IC: immunocompromised; aHZ defined as only HZ diagnostic codes in the sensitivity analysis (HZ was defined as HZ diagnostic codes plus antiviral medications [acyclovir, valacyclovir, or famciclovir] dispensed within ±7 days of the HZ diagnosis date in the main analysis); bThe average number of HZ cases was calculated as the total number of HZ cases in each subgroup divided by the duration of the study period (5-year); c95% CIs were calculated by using exact binomial method; dDenominator represents the sum of the number of patients with IC/AID; ePer 1,000 persons; fValues in these sections are averaged across the 5-year period of the study.
Supplementary Table S3. Trend of herpes zoster recurrence rates per 1,000 persons among patients with IC/AID in the Republic of Korea from 2017 to 2020, stratified by year, age, sex, and IC/AID conditions (sensitivity analysis)

	
	Number of IC/AID patients, n
	Number of recurrent cases; na, b
	Annual recurrence rates; n (95% CI)c, d

	Calendar year
	
	
	

	2017
	765,793
	947
	1.24 (1.16–1.32)

	2018
	941,930
	1,993
	2.12 (2.02–2.21)

	2019
	1,101,371
	3,746
	3.40 (3.29–3.51)

	2020
	1,229,948
	5,053
	4.11 (4.00–4.22)

	Average
	1,009,761
	2,935
	2.91 (0.25–5.57)

	Age group, yearse
	
	
	

	18–29
	68,397
	65
	0.88 (0.54–1.22)

	30–39
	100,474
	176
	1.60 (0.82–2.38)

	40–49
	148,169
	322
	2.00 (1.09–2.91)

	50–59
	217,792
	725
	3.05 (1.80–4.31)

	60–64
	106,611
	479
	4.06 (2.40–5.72)

	65–69
	84,722
	395
	4.24 (2.29–6.20)

	70–79
	132,640
	587
	3.99 (2.17–5.81)

	80+
	60,506
	186
	2.67 (1.89–3.46)

	Sexe
	
	
	

	Male
	400,841
	962
	2.18 (1.28–3.08)

	Female
	518,472
	1,973
	3.47 (1.92–5.01)

	IC/AID conditionse
	
	
	

	Aplastic anemia
	11,749
	51
	3.94 (2.61–5.27)

	Decompensated liver cirrhosis
	35,079
	46
	1.16 (0.56–1.77)

	Hemato-oncology
	59,356
	432
	6.70 (4.83–8.57)

	Human immunodeficiency virus
	12,366
	76
	5.86 (3.69–8.03)

	Myelodysplastic syndrome
	8,570
	42
	4.48 (3.47–5.50)

	Ankylosing spondylitis
	62,157
	137
	2.02 (1.07–2.98)

	Crohn’s disease
	14,254
	30
	2.00 (0.85–3.15)

	Psoriasis
	274,803
	590
	1.93 (0.94–2.93)

	Rheumatoid arthritis
	431,343
	1,531
	3.23 (1.73–4.74)

	Systemic lupus erythematosus
	34,834
	194
	5.12 (2.96–7.28)

	Transplants (including solid organ and hematopoietic stem cell transplants)
	26,501
	232
	8.26 (5.09–11.44)

	Ulcerative colitis
	50,526
	123
	2.02 (1.07–2.98)



AID: autoimmune disease; CI: confidence interval; HZ: herpes zoster; IC: immunocompromised; aHZ defined as only HZ diagnostic codes in the sensitivity analysis (HZ was defined as HZ diagnostic codes plus antiviral medications [acyclovir, valacyclovir, or famciclovir] dispensed within ±7 days of the HZ diagnosis date in the main analysis); bThe average number of recurrent cases was calculated as the total number of recurrent cases in each subgroup divided by duration of 4 years. Recurrent cases of HZ were defined as the subsequent cases of HZ that have passed after a minimum of 1 year from the previous HZ episode; cDenominator represents the sum of the number of patients with IC/AID; dPer 1,000 persons; eValues in these sections are averaged across 4 years. 

[bookmark: _Hlk139883882]Supplementary Table S4. All-cause direct medical costs associated with HZ among patients with IC/AID during the 12-month follow-up period
	
	IC/AID with HZ, ₩
	Matched group, ₩a
	Incremental cost, ₩b
	Cost ratio (95% CI)c

	
	Mean (SD)
	Median (IQR)
	Mean (SD)
	Median (IQR)
	Mean
	Median
	Crude
	Adjusted d

	Overall HZe

	12-month direct medical costs per patient
	4,759,671 (11,243,296)
	1,536,395 (3,390,185)
	3,786,658 (10,126,379)
	1,032,975 (2,425,310)
	973,013
	503,420
	1.20 (1.18–1.21)
	1.18 (1.17–1.19)

	12-month direct medical costs in inpatient setting
	2,345,177 (8,999,977)
	0
(1,120,355)
	1,901,009 (8,492,979)
	0
(234,360)
	444,167
	0
	0.93 (0.91–0.95)
	0.95 (0.93–0.97)

	12-month direct medical costs in outpatient setting
	2,414,495 (5,469,840)
	1,134,615 (1,587,445)
	1,885,649 (4,697,727)
	831,225 (1,283,220)
	528,846
	303,390
	1.21 (1.20–1.22)
	1.19 (1.18–1.20)

	HZ with complicationsf

	12-month direct medical costs per patient
	5,059,781 (11,305,413)
	1,827,935 (3,780,550)
	3,837,475 (9,796,820)
	1,079,240 (2,504,520)
	1,222,306
	748,695
	1.25 (1.23–1.28)
	1.22 (1.20–1.24)

	12-month direct medical costs in inpatient setting
	2,501,140 (8,926,409)
	0
(1,422,165)
	1,958,792 (8,241,481)
	0
(344,880)
	542,348
	0
	0.89 (0.86–0.92)
	0.90 (0.88–0.93)

	12-month direct medical costs in outpatient setting
	2,558,641 (5,688,168)
	1,292,725 (1,724,950)
	1,878,683 (4,557,262)
	856,940 (1,299,330)
	679,959
	435,785
	1.28 (1.26–1.31)
	1.24 (1.22–1.26)

	HZ with complications with exception of PHN

	12-month direct medical costs per patient
	4,518,333 (10,193,049)
	1,570,000 (3,198,010)
	3,625,466 (9,430,928)
	1,032,080 (2,386,220)
	892,867
	537,920
	1.18 (1.16–1.21)
	1.16 (1.14–1.18)

	12-month direct medical costs in inpatient setting
	2,172,660 (8,364,233)
	0
(1,067,190)
	1,786,984 (7,793,533)
	0
(213,060)
	385,676
	0
	0.90 (0.87–0.94)
	0.91 (0.88–0.95)

	12-month direct medical costs in outpatient setting
	2,345,673 (4,672,539)
	1,171,175 (1,559,990)
	1,838,481 (4,636,859)
	831,630 (1,274,890)
	507,191
	339,545
	1.20 (1.18–1.23)
	1.18 (1.16–1.20)

	HZ with PHN

	12-month direct medical costs per patient
	6,904,045 (14,314,396)
	2,866,685 (5,452,040)
	4,560,707 (10,922,820)
	1,245,150 (2,971,205)
	2,343,338
	1,621,535
	1.45 (1.39–1.51)
	1.40 (1.35–1.45)

	12-month direct medical costs in inpatient setting
	3,619,996 (10,544,656)
	312,645 (2,845,750)
	2,544,885 (9,590,943)
	0
(862,195)
	1,075,111
	312,645
	0.84 (0.80–0.90)
	0.86 (0.81–0.91)

	12-month direct medical costs in outpatient setting
	3,284,049 (8,217,490)
	1,757,765 (2,114,860)
	2,015,822 (4,271,887)
	945,385 (1,385,575)
	1,268,227
	812,380
	1.54 (1.49–1.59)
	1.45 (1.41–1.50)

	HZ without complicationsg

	12-month direct medical costs per patient
	4,594,379 (11,205,638)
	1,394,415 (3,136,480)
	3,758,663 (10,303,362)
	1,008,750 (2,379,790)
	835,716
	385,665
	1.16 (1.15–1.18)
	1.16 (1.15–1.18)

	12-month direct medical costs in inpatient setting
	2,259,277 (9,039,196)
	0
(924,755)
	1,869,177 (8,628,265)
	0
(165,880)
	390,100
	0
	0.95 (0.93–0.98)
	0.98 (0.95–1.00)

	12-month direct medical costs in outpatient setting
	2,335,103 (5,344,192)
	1,053,545 (1,494,520)
	1,889,487 (4,773,357)
	816,850 (1,272,610)
	445,616
	236,695
	1.17 (1.15–1.18)
	1.16 (1.15–1.18)



Cost was adjusted 2020 Korean won using healthcare component of the Korean Consumer Price Index. The exchange rate conversion for KRW to USD based on the 2020 conversion rate from UNCTAD was 1 KRW = 0.00085 USD.1 AID: autoimmune disease; CCI: Charlson Comorbidity Index; CI: confidence level; HZ: herpes zoster; IC: immunocompromised; IQR: interquartile range; PHN: postherpetic neuralgia; SD: standard deviation; aMatched according to age group, sex, CCI, and prevalence period of IC/AID; bDifferences of healthcare resource utilization between IC/AID with HZ and matched group; cEstimated by generalized linear model with log-gamma distribution; dAdjusted for age group, sex, medical institution on the index date, CCI score, common comorbidities, medical costs per patient, number of outpatient visits, number of hospitalizations, and mean length of stay per hospitalization within 1-year prior to the index date; eOverall HZ includes individuals diagnosed with both HZ with PHN and HZ without complications among individuals with IC/AID and their matched individuals; fHZ with complications included patients diagnosed with both HZ and complications among patients with IC/AID and their matched individuals; gHZ without complications included patients diagnosed with both HZ and B02.9 or only HZ among patients with IC/AID and their matched individuals; *Complications include cutaneous, disseminated, ocular, neurologic, and other complications; 1. UNCTADSTAT. Currency exchange rates, annual [cited 2023 Oct 19]. Available from: https://unctadstat.unctad.org/datacentre/dataviewer/US.ExchangeRateCrosstab.
Supplementary Table S5. All-cause indirect medical costs associated with HZ among patients with IC/AID during the 12-month follow-up period

	
	IC/AID with HZ, ₩
	Matched group, ₩a
	Incremental cost, ₩b
	Cost ratio (95% CI)c

	
	Mean (SD)
	Median (IQR)
	Mean (SD)
	Median (IQR)
	Mean (SD)
	Median (IQR)
	Crude
	Adjustedd

	Overall HZe

	12-month indirect medical costs per patient
	1,466,469 (2,002,394)
	981,507 (2,140,564)
	1,101,007 (1,644,953)
	615,230 (1584005)
	365,462
	366,277
	1.28 (1.27–1.29)
	1.25 (1.24–1.26)

	12-month indirect medical costs in inpatient setting
	80,118 (398,117)
	0
(0)
	61,397 (412,540)
	0
(0)
	18,721
	0
	0.94 (0.91–0.97)
	1.00 (0.97–1.27)

	12-month indirect medical costs in outpatient setting
	1,386,351 (1,889,841)
	908,838 (2,171,095)
	981,045 (1,520,452)
	474,789 (1,456,321)
	405,305
	434,049
	1.28 (1.27–1.29)
	1.25 (1.24–1.26)

	HZ with complicationsf

	12-month indirect medical costs per patient
	1,534,827 (2,243,640)
	923,564 (2,281,552)
	1,038,089 (1,617,381)
	489,159 (1,516,140)
	496,738
	434,405
	1.42 (1.40–1.44)
	1.35 (1.33–1.37)

	12-month indirect medical costs in inpatient setting
	86,292 (412,463)
	0
(0)
	57,043 (389,878)
	0
(0)
	29,249
	0
	0.98 (0.94–1.02)
	1.02 (0.98–1.06)

	12-month indirect medical costs in outpatient setting
	1,448,534 (2,128,236)
	908,838 (2,171,095)
	981,045 (1,520,452)
	474,786 (1,456,321)
	467,488
	434,052
	1.42 (1.40–1.44)
	1.34 (1.33–1.36)

	HZ with complications with exception of PHN

	12-month indirect medical costs per patient
	1,505,561 (2,085,079)
	1,011,109 (2,210,504)
	1,082,416 (1,606,731)
	598,484 (1,564,802)
	423,145
	412,625
	1.33 (1.31–1.36)
	1.29 (1.27–1.30)

	12-month indirect medical costs in inpatient setting
	76,633 (391,118)
	0
(0)
	56,717 (378,789)
	0
(0)
	19,916
	0
	0.93 (0.89–0.98)
	0.98 (0.93–1.02)

	12-month indirect medical costs in outpatient setting
	1,428,928 (1,985,072)
	981,269 (2,105,560)
	1,025,699 (1,513,869)
	587,169 (1,506,558)
	403,229
	394,100
	1.33 (1.31–1.35)
	1.28 (1.27–1.30)

	HZ with PHN

	12-month indirect medical costs per patient
	1,634,510 (2,712,969)
	0
(2,592,329)
	886,874 (1,644,279)
	0
(1,314,869)
	747,635
	0
	1.8 (1.73–1.86)
	1.65 (1.60–1.70)

	12-month indirect medical costs in inpatient setting
	119,194 (476,643)
	0
(0)
	58,155 (425,547)
	0
(0)
	61,039
	0
	1.06 (0.96–1.16)
	1.11 (1.02–1.21)

	12-month indirect medical costs in outpatient setting
	1,515,315 (2,555,496)
	0
(2,419,840)
	828,718 (1,532,987)
	0 (1,259,026)
	686,596
	0
	1.78 (1.71–1.84)
	1.63 (1.58–1.68)

	HZ without complicationsg

	12-month indirect medical costs per patient
	1,428,819 (1,855,134)
	997,474 (2,065,940)
	1,135,669 (1,658,935)
	670,296 (1614,030)
	293,151
	327,179
	1.21 (1.19–1.22)
	1.20 (1.19–1.21)

	12-month indirect medical costs in inpatient setting
	76,717 (389,954)
	0
(0)
	63,795 (424,490)
	0
(0)
	12,922
	0
	0.92 (0.89–0.95)
	0.99 (0.96–1.02)

	12-month indirect medical costs in outpatient setting
	1,352,102 (1,743,763)
	979,428 (1,971,022)
	1,071,873 (1,554,767)
	653,003 (1,544,519)
	280,229
	326,425
	1.21 (1.19–1.22)
	1.20 (1.19–1.21)



Cost was adjusted 2020 Korean won using healthcare component of the Korean Consumer Price Index. The exchange rate conversion for KRW to USD based on the 2020 conversion rate from UNCTAD was 1 KRW = 0.00085 USD.1  AID: autoimmune disease; CCI: Charlson Comorbidity Index; CI: confidence level; HZ: herpes zoster; IC: immunocompromised; IQR: interquartile range; PHN: postherpetic neuralgia; SD: standard deviation; aMatched according to age group, sex, CCI, and prevalence period of IC/AID; bDifferences of healthcare resource utilization between IC/AID with HZ and matched group; cEstimated by generalized linear model with log-gamma distribution; dAdjusted for age group, sex, medical institution on the index date, CCI score, common comorbidities, medical costs per patient, number of outpatient visits, number of hospitalizations, and mean length of stay per hospitalization within 1-year prior to the index date; eOverall HZ includes individuals diagnosed with both HZ with PHN and HZ without complications among individuals with IC/AID and their matched individuals; fHZ with complications included patients diagnosed with both HZ and complications among patients with IC/AID and their matched individuals; gHZ without complications included patients diagnosed with both HZ and B02.9 or only HZ among patients with IC/AID and their matched individuals; *Complications include cutaneous, disseminated, ocular, neurologic, and other complications. 1. UNCTADSTAT. Currency exchange rates, annual [cited 2023 Oct 19]. Available from: https://unctadstat.unctad.org/datacentre/dataviewer/US.ExchangeRateCrosstab.
Supplementary Figure S1. Study design overview for HCRU and cost estimation
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AID: autoimmune disease; CCI: Charlson Comorbidity Index; HZ: herpes zoster; IC: immunocompromised. aMatched by age groups, sex, medical institution, CCI score, and index date (± 90 days); bMedical cost per patient will be calculated; cCost was adjusted for age group, sex, medical institution on the index date; dCost was adjusted for CCI score, comorbidities, medical conditions with relatively high economic burden on the medical costs per patient, 1-year medical cost, number of outpatient visits, number of hospitalizations, and mean length of stay per hospitalization within 1 year prior to the index date; eCost was adjusted to2020 KRW using healthcare component of the Korean Consumer Price Index




Supplementary Figure S2. Inclusion/exclusion criteria and matching for selection of study cohort
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[bookmark: _Hlk132712857]AID: autoimmune disease; HIRA: Health Insurance Review and Assessment Service; HZ: herpes zoster; IC: immunocompromised.
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