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Objective: To determine the incidence of biopsy proven giant cell arteritis (GCA)

in South Australia.

Methods: Patients with biopsy-proven GCA were identified from pathology

reports of temporal artery biopsies at state-based pathology laboratories, from

1 January 2014 to 31 December 2020. Incidence rates for biopsy-proven GCA

were calculated using Australian Bureau of Statistics data for South Australian

population sizes by age, sex, and calendar year. Seasonality was analyzed by

cosinor analysis.

Results: There were 181 cases of biopsy-proven GCA. The median age at

diagnosis of GCA was 76 years (IQR 70, 81), 64% were female. The estimated

population incidence for people over 50 was 5.4 (95% CI 4.7, 6.1) per 100,000-

person years. The female: male incidence ratio was 1.6 (95% CI 1.2, 2.2). There

was no ordinal trend in GCA incidence rates by calendar year (p = 0.29). The

incidence was, on average, highest in winter, but not significantly (p = 0.35).

A cosinor analysis indicated no seasonal effect (p = 0.52).

Conclusion: The incidence of biopsy-proven GCA remains low in Australia.

A higher incidence was noted compared to an earlier study. However,

differences in ascertainment and methods of GCA diagnosis may have

accounted for the change.
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Introduction

Although giant cell arteritis (GCA) is the commonest primary vasculitis in the elderly, it
is still an uncommon condition. Confirmation of the clinical diagnosis of GCA is challenging
as almost all the available diagnostic tests have significant limitations. Temporal artery biopsy
is the reference test, despite its sensitivity which varies from 39 (1)–90% (2). Imaging of the
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temporal artery by ultrasound is not as widely accepted for
diagnosis in Australia as it is in Europe (3).

A recent meta-analysis of GCA incidence showed an overall
incidence of 10/100,000 over 50 years and confirmed the highest
incidence in Scandinavian countries, with decreasing incidence
in Americas, the remainder of Europe and Oceania (4). It
also confirmed the significant association with latitude (4). All
epidemiological studies have confirmed the higher incidence in
women than men by ratio of 2:1 (4).

Although the exact mechanism of disease is unknown,
infectious triggers have been postulated (5). This has led to studies
of seasonal variation in GCA incidence. A seasonal increase in
GCA incidence has been reported in some studies with peaks in
the summer months in the USA (6) and Europe (7); however,
a previous study did not confirm this in Australia (8). This is
supported by a recent comprehensive meta-analysis (9) which did
not confirm a seasonal onset for GCA. In addition, some studies
have demonstrated cyclical trend showing an incidence peak every
7 years (10, 11).

We previously determined the incidence of biopsy-proven
GCA in South Australia until 2011, to be significantly lower than
that from other geographic regions. Therefore, the aim of the
current study was to determine the current incidence of GCA in
South Australia.

Materials and methods

Ascertainment of biopsy-proven GCA
cases

All pathology reports of patients who underwent temporal
artery biopsy were identified from the electronic data base of
SA Pathology laboratories from 1 January 2014, to 31 December
2020. SA Pathology is the largest public pathology service in South
Australia accounting for approximately 75% of temporal artery
biopsy processing in South Australia.

All pathology reports of temporal artery biopsies during this
time period were reviewed and patients with biopsy-proven GCA
were identified. Patients were defined as having biopsy-proven
GCA if this diagnosis was made by the reviewing pathologist
on the diagnostic report. The pathology reports were also
reviewed by the authors.

In addition, we were able to identify the number of patients
who underwent temporal artery biopsy at private laboratories
(ClinPath Laboratory and Australian Clinical Labs) in South
Australia between 2017 and 2020.

Statistical analysis

Epidemiological data were analyzed using Stata v16.1
(StataCorp LLC, Texas, USA) v16.1. Incidence rates per 100,000
person years were estimated by Poisson regression using the South
Australian population data for each relevant year, stratified by age
and gender, as an offset (12). The estimated population incidence
was then adjusted by simulation to account for the underestimation
related to lack of complete population coverage by SA Pathology.

A non-parametric trend test (nptrend) was used to test for
ordinal trends in incidence rates by calendar year.

A cosinor analysis was performed to calculate seasonal trends
in incidence using “R” software (version R—3.6.2) (13) and the
“season” library (14, 15). This analysis fits a cosine curve to the
monthly data available for the years January 2014 to December
2020.

Data from a previous South Australian study were used to
determine trends in incidence rates, age (grouped into 5-year
categories) and sex over the periods 1 January 1992, to 31 July
2011 and 1 January 2014 to 31 December 2020 (current study, SA
Pathology data only). These comparisons were performed using
standardized (adjusted) rates calculated using the combined South
Australian population age, and sex distribution of both studies as
the standard population.

Ethics approval

This study has ethics approval at Central Adelaide Local
Health Network Human Research Ethics Committee and
Southern Adelaide Local Health Network Human Research
Ethics Committee.

Results

Temporal artery biopsies were performed on 858 patients
between 1 January 2014 and 31 December 2020 and processed by
SA Pathology. One-hundred and eighty-one patients with biopsy-
proven GCA were identified giving a biopsy positive rate of 21.8%.
The median age at diagnosis of GCA was 76 years (IQR 70, 81),
64% were female. The estimated population incidence for people
over 50 was 4.0 (95% CI 3.5, 4.6) per 100,000-person years based on
the SA Pathology data. During the period 2017–2020, 163 biopsies
were performed at private laboratories. This means that during the
same period 502/665 (75%) were performed at SA Pathology during
this period. The incidence estimate, adjusted for incomplete biopsy
ascertainment, was 5.4 (95% CI 4.7, 6.1) per 100,000-person years.

The incidence increased with each age decade with peak
incidence in 70–89-year age group (Figure 1). The female: male
incidence ratio was 1.6 (95% CI 1.2, 2.2). There was no ordinal
trend in GCA incidence rates by calendar year (p = 0.29; Figure 2).
The incidence rates were, on average, highest in winter, but not
significantly so (p = 0.35). A cosinor analysis also indicated no
seasonal effect (p = 0.52).

When compared with data from a prior study of GCA incidence
in South Australia, the standard incidence rate of biopsy-positive
GCA in South Australia increased by approximately 25% for the
period 2014–2020 (current study) compared to the prior study
period between 1991–2011 (reference), incidence rate ratio (IRR)
1.25 (95% CI 1.04, 1.50), p = 0.017. This was primarily attributable
to an increase in the incidence rate in males (IRR 1.46, 95% CI
1.07, 1.99) between the two study periods, which was not evident
in females (IRR 1.17, 95% CI 0.93, 1.47). This difference could
not be ascribed to an increased referral of males for biopsy, as
the proportion of males referred was comparable between the two
study periods (p = 0.92).
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FIGURE 1

Age distribution of biopsy-proven GCA in South Australia (2014–2020).

The peak age-group for a positive biopsy was 75–79 years in
both study groups, and there was no overall difference in the age
category distributions (ordinal probit regression, p = 0.37).

Discussion

The incidence of biopsy-proven GCA in Australia is low
compared to many other Western countries.

In a recent meta-analysis of the incidence of GCA, the pooled
incidence (not limited to biopsy positive cases) was 10.00 (9.22,
10.78) cases per 100,000 people over 50 years old (4). The current
South Australian estimate of 5.4 cases per 100,000 population is
substantially lower which is at least in part contributed to by the
fact that this analysis only includes biopsy-proven cases.

Our incidence was lower in comparison to a similar study of
biopsy proven GCA from North West Spain by Gonzalez-Gay et al.
(16) which reported an annual incidence rate of 10.13 per 100,000

FIGURE 2

Incidence of biopsy-proven GCA in South Australia (2014–2020).

population aged 50 years and older, with mean age ± SD at the time
of diagnosis being 75.0 ± 6.9 years. The female to male ratio was
1.6:1 in comparison to their study in which there was no statistical
difference in incidence between men and women. The reasons for
the lower incidence rate in our population is not entirely clear and
cannot be attributed to geographical reasons alone. A recent study
from New Zealand reported their incidence rate for biopsy-proven
GCA at 10.5 per 100,000 people over the age of 50 (17).

The current estimate of biopsy-proven GCA incidence was
higher than that observed in a prior South Australian study
(8). Several factors may have contributed to this, including
ascertainment bias as we changed from manual searching to
computerized searching between estimates; and change in practice
such that more suspected cases undergo temporal artery biopsy,
rather than treatment based on clinical suspicion alone. However,
incidence rates have been reported to have decreased by 0.80
per 100,000 people per year over time between 1987 and 2017
in Scandinavian countries presumed to be due to increased
immigration from low incidence countries (4).

Unlike some previous studies, we found no evidence of seasonal
trends similar to the study from North West Spain (16). This was
also confirmed by a recent comprehensive meta-analysis (9).

Of interest, there was no change in GCA incidence in 2020.
There was no reduction in referral for temporal artery biopsies
in 2020 as may have been expected in the pandemic. In South
Australia, incidence of COVID-19 infection was extremely low in
2020; however, social distancing was closely adhered to. The latter
led to the reduction in viral infections in general in South Australia
which did not appear to have any effect on GCA incidence rates in
2020. This may raise some doubt about the viral trigger hypothesis
of GCA. On the contrary, several studies have demonstrated an
increased incidence of GCA during 2020 (18–20).

The mean age at GCA diagnosis has remained stable over a
30-year period despite tighter recommendations for blood pressure
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and lipid control over this time period. This is in contrast to a study
by Kermani et al. (21) who observed an increase in average age at
GCA diagnosis from 75 years in the 1950s to 79 years in the 2000s.

The strength of this study is that we were able to systematically
capture most temporal artery biopsies (75%) and hence most cases
of biopsy-proven GCA within a confined population. One of the
limitations of the study is that we adjusted for the missing temporal
artery biopsies based on the assumption that the biopsy positivity
rate from other pathology services is similar to that at SA Pathology.
Our study is confined to biopsy-proven GCA and does not include
patients with GCA diagnosed by imaging such as PET scan, CT
scanning or imaging, nor patients who were treated clinically as
GCA either without having a temporal artery biopsy or with a
negative biopsy result.

Conclusion

In conclusion, the incidence of biopsy-proven GCA in this
South Australian population based study has increased but remains
low compared to other Western populations. The increased
incidence observed since the previous analysis may be related to
changes in case ascertainment and patterns of temporal artery
biopsy utilization.

Data availability statement

The original contributions presented in this study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Central Adelaide Local Health Network Human
Research Ethics Committee (HREC) Number 2009145. Written

informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

Author contributions

JN: data collection and writing the manuscript. SLe: data
analysis and figures. CH: editing, data review, and data collection.
JM, SP, RB, and ES: editing and advice. KD: database and data
collection. CR: data collection. TD: pathology reports data base
search. All authors contributed to the article and approved the
submitted version.

Acknowledgments

We would like to acknowledge to Caroline Loft Histology
Supervisor–Clinpath Laboratories, Adelaide and Irani Dissanayake
Australian Clinical Labs, Adelaide.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

1. Luqmani R, Lee E, Singh S, Gillett M, Schmidt W, Bradburn M, et al. The role of
ultrasound compared to biopsy of temporal arteries in the diagnosis and treatment of
giant cell arteritis (TABUL): a diagnostic accuracy and cost-effectiveness study. Health
Technol Assess. (2016) 20:1–238. doi: 10.3310/hta20900

2. Borchers A, Gershwin M. Giant cell arteritis: a review of classification,
pathophysiology, geoepidemiology and treatment. Autoimmun Rev. (2012) 11:A544–
54. doi: 10.1016/j.autrev.2012.01.003

3. Maz M, Chung S, Abril A, Langford C, Gorelik M, Guyatt G, et al. 2021 American
college of rheumatology/vasculitis foundation guideline for the management of giant
cell arteritis and takayasu arteritis. Arthritis Rheumatol. (2021) 73:1349–65. doi: 10.
1002/art.41774

4. Li K, Semenov D, Turk M, Pope J. A meta-analysis of the epidemiology of giant cell
arteritis across time and space. Arthritis Res Ther. (2021) 23:82. doi: 10.1186/s13075-
021-02450-w

5. Rhee R, Grayson P, Merkel P, Tomasson G. Infections and the risk of incident
giant cell arteritis: a population-based, case-control study. Ann Rheum Dis. (2017)
76:1031–5. doi: 10.1136/annrheumdis-2016-210152

6. Kisza K, Murchison A, Dai Y, Bilyk J, Eagle R Jr., Sergott R, et al. Giant cell
arteritis incidence: analysis by season and year in mid-Atlantic United States. Clin Exp
Ophthalmol. (2013) 41:577–81. doi: 10.1111/ceo.12069

7. Kønig E, Stormly Hansen M, Foldager J, Siersma V, Loft A, Terslev
L, et al. Seasonal variation in biopsy-proven giant cell arteritis in Eastern
Denmark from 1990-2018. Acta Ophthalmol. (2021) 99:527–32. doi:10.1111/ao
s.14675

8. Dunstan E, Lester S, Rischmueller M, Dodd T, Black R, Ahern M, et al.
Epidemiology of biopsy-proven giant cell arteritis in South Australia. Intern Med J.
(2014) 44:32–9. doi: 10.1111/imj.12293

9. Hysa E, Sobrero A, Camellino D, Rumi F, Carrara G, Cutolo M, et al. A seasonal
pattern in the onset of polymyalgia rheumatica and giant cell arteritis? A systematic
review and meta-analysis. Semin Arthritis Rheum. (2020) 50:1131–9. doi: 10.1016/j.
semarthrit.2020.05.023

10. Salvarani C, Gabriel S, O’Fallon W, Hunder G. The incidence of giant cell
arteritis in Olmsted County, Minnesota: apparent fluctuations in a cyclic pattern. Ann
Intern Med. (1995) 123:192–4. doi: 10.7326/0003-4819-123-3-199508010-00006

Frontiers in Medicine 04 frontiersin.org

https://doi.org/10.3389/fmed.2023.1173256
https://doi.org/10.3310/hta20900
https://doi.org/10.1016/j.autrev.2012.01.003
https://doi.org/10.1002/art.41774
https://doi.org/10.1002/art.41774
https://doi.org/10.1186/s13075-021-02450-w
https://doi.org/10.1186/s13075-021-02450-w
https://doi.org/10.1136/annrheumdis-2016-210152
https://doi.org/10.1111/ceo.12069
https://doi.org/10.1111/aos.14675
https://doi.org/10.1111/aos.14675
https://doi.org/10.1111/imj.12293
https://doi.org/10.1016/j.semarthrit.2020.05.023
https://doi.org/10.1016/j.semarthrit.2020.05.023
https://doi.org/10.7326/0003-4819-123-3-199508010-00006
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-10-1173256 April 15, 2023 Time: 14:53 # 5

Ninan et al. 10.3389/fmed.2023.1173256

11. Bas-Lando M, Breuer G, Berkun Y, Mates M, Sonnenblick M, Nesher G. The
incidence of giant cell arteritis in Jerusalem over a 25-year period: annual and seasonal
fluctuations. Clin Exp Rheumatol. (2007) 25:S15–7.

12. Australian Bureau of Statistics [ABS]. National, state and territory population.
Canberra: ABS (2020). https://www.abs.gov.au/statistics/people/population/national-
state-and-territory-population/dec-2020

13. R Core Team. R: A language and environment for statistical computing. Vienna:
R Foundation for Statistical Computing (2012).

14. Barnett A, Dobson A. Analysing seasonal health data. Berlin: Springer (2010).

15. Barnett A, Baker P, Dobson A. Analysing seasonal data. R J. (2012) 4:5–10.

16. Gonzalez-Gay MA, Miranda-Filloy JA, Lopez-Diaz MJ, Perez-Alvarez R,
Gonzalez-Juanatey C, Sanchez-Andrade A, et al. Giant cell arteritis in Northwestern
Spain: a 25-year epidemiologic study. Medicine. (2007) 86:61–8. doi: 10.1097/md.
0b013e31803d1764

17. Lyne S, Ruediger C, Lester S, Chapman P, Shanahan E, Hill C, et al. Giant
cell arteritis: a population-based retrospective cohort study exploring incidence and

clinical presentation in Canterbury, Aotearoa New Zealand. Front Med. (2022)
9:1057917. doi: 10.3389/fmed.2022.1057917

18. Lecler A, Villeneuve D, Vignal C, Sené T. Increased rather
than decreased incidence of giant-cell arteritis during the COVID-19
pandemic. Ann Rheum Dis. (2020) 80:e89. doi:10.1136/annrheumdis-2020-2
18343

19. Luther R, Skeoch S, Pauling J, Curd C, Woodgate F, Tansley S. Increased number
of cases of giant cell arteritis and higher rates of ophthalmic involvement during
the era of COVID-19. Rheumatol Adv Pract. (2020) 4:rkaa067. doi:10.1093/rap/r
kaa067

20. Parreau S, Liozon E, Ly K, Fauchais A, Hantz S. High incidence of giant
cell arteritis during the COVID-19 pandemic: no causal relationship but possible
involvement of stress. Clin Exp Rheumatol. (2021) 39:199–200. doi: 10.55563/
clinexprheumatol/qsx4mt

21. Kermani T, Schäfer V, Crowson C, Hunder G, Gabriel S, Matteson EL, et al.
Increase in age at onset of giant cell arteritis: a population-based study. Ann Rheum
Dis. (2010) 69:780–1. doi: 10.1136/ard.2009.111005

Frontiers in Medicine 05 frontiersin.org

https://doi.org/10.3389/fmed.2023.1173256
https://www.abs.gov.au/statistics/people/population/national-state-and-territory-population/dec-2020
https://www.abs.gov.au/statistics/people/population/national-state-and-territory-population/dec-2020
https://doi.org/10.1097/md.0b013e31803d1764
https://doi.org/10.1097/md.0b013e31803d1764
https://doi.org/10.3389/fmed.2022.1057917
https://doi.org/10.1136/annrheumdis-2020-218343
https://doi.org/10.1136/annrheumdis-2020-218343
https://doi.org/10.1093/rap/rkaa067
https://doi.org/10.1093/rap/rkaa067
https://doi.org/10.55563/clinexprheumatol/qsx4mt
https://doi.org/10.55563/clinexprheumatol/qsx4mt
https://doi.org/10.1136/ard.2009.111005
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Incidence of biopsy-proven giant cell arteritis (GCA) in South Australia 2014–2020
	Introduction
	Materials and methods
	Ascertainment of biopsy-proven GCA cases
	Statistical analysis
	Ethics approval

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References




