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Abstract

Objectives. Takayasu arteritis (TAK) is a rare autoimmune rheumatic disease causing large-vessel vas-
culitis. Onset is typically between the ages of 20 and 30 years. It is associated with substantial mor-
bidity and mortality, notably due to its effects on the cardiovascular system. It has a poorly understood
global epidemiology. Our objective was to systematically review the available evidence in order to cal-
culate the incidence rate of TAK.

Methods. Three databases (MEDLINE, PubMed and Embase) were searched in November 2019 and the
results were screened by two reviewers. A random effects meta-analysis was then conducted in R to calcu-
late the overall incidence rate. Heterogeneity was assessed using I°. The quality of the studies was assessed
using an adapted Newcastle-Ottawa scale. Further subgroup analyses were performed by quality, sex, re-
search setting and geographical location. Publication bias was assessed using a Begg’s funnel plot.

Results. The incidence rate for TAK was 1.11 per million person-years (95% CI 0.70-1.76). The hetero-
geneity in the data was extremely high in all analyses, which suggests that there was considerable
variation in incidence rates across the different populations studied. TAK was found to be more com-
mon in women (incidence rate 2.01 per million person-years, 95% CI 1.39-2.90).

Conclusions. TAK is an extremely rare disease. It affects women more commonly than men. There is
considerable variation in the incidence rate between populations. We suggest that future research
should focus on discrete populations in order to better identify genetic and environmental risk factors.
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Rheumatology key messages

o Takayasu arteritis is an ultra-rare disease, with implications for diagnosis, service design, treatment and research.
e Takayasu arteritis is more common in women than men and incidence differs across different populations.
o Accurate incidence data are important when designing and commissioning clinical services and treatments.

Introduction morbidity and mortality and may necessitate long-term im-

Takayasu arteritis (TAK) is a rare large-vessel vasculitis, =~ Munosuppressive treatment [1, 2]. The global epidemiology
which predominantly affects the aorta and its main of TAK remains unknown and there are no published sys-
branches. The disease and its sequelae lead to significant ~ tematic reviews with meta-analysis on the global incidence
or prevalence of TAK. Prevalence seems to vary geograph-
ically and appears highest in Asia [3, 4].
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A systematic review and meta-analysis of the incidence rate of TAK

The lack of clarity on the basic epidemiology of TAK
has many implications, including on the design of diag-
nostic pathways, creation of specialized services, fund-
ing of high-cost drugs and on clinical trial recruitment.
We aimed to perform a systematic review and meta-
analysis of the incidence of TAK worldwide.

Methods

The method for this systematic review was guided by
the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) statement for systematic
reviews [6]. The study protocol was registered on
PROSPERO (an international prospective register of sys-
tematic reviews) on 9 December 2019 with registration
number CRD42019138795.

The Population, Intervention, Comparison, Outcomes
and Study (PICOS) framework was used to formulate
the study protocol as follows. Population: all persons
diagnosed with TAK. Papers that explored juvenile
cases only were excluded. Outcome: incidence rate for
TAK was the primary outcome measure. This review did
not have an intervention or comparator group.

Study eligibility

To meet the inclusion criteria, studies had to be cohort
studies, report the incidence rate of TAK, and be pub-
lished in English. Studies published prior to 1990, con-
ference abstracts, reviews and studies exclusively
focusing on disease in children aged <18 years were
excluded.

Data sources

The academic databases used for the systematic review
were MEDLINE [MEDLINE 1946 to present (OVID)],
Embase (OVID) and PubMed. Key words relating to the
population and outcome of interest were developed
using synonyms for each disease and their respective
MeSH. A pilot search was performed independently by
J.B. and F.A.P. in MEDLINE, to ensure specificity of the
search. A list of seminal papers was used to test the
sensitivity of the search and all were found. Subsequent
searches with key words were independently performed
by J.B. and F.A.P., with search terms developed for
MEDLINE and further adapted for the other databases.
Searches were carried out in November 2019. The
search terms for MEDLINE and PubMed were
(Takayasu.mp.) AND (*incidence/OR incidence.mp.) and
for Embase (Takayasu.mp. OR aortic arch syndrome/)
AND (incidence.mp. OR *incidence/) (supplementary
Appendix S1, available at Rheumatology online).
Records retrieved through our search were imported
into the EndNote software, where duplicates were
removed electronically, then manually.

Study selection

Outputs from the literature search were screened in a
three-stage logical manner, namely: title and abstract

https://academic.oup.com/rheumatology

screening, full-text screening and extraction. Two
reviewers (J.B. and F.A.P.) independently screened the
retrieved studies. Conflicts in the study selection pro-
cess were resolved by dialogue and Covidence was
used to record decisions to include or exclude studies
at each stage.

In one case where the full text was not immediately
available, the text was obtained following correspond-
ence with the author. Additional data beyond what was
contained in the published manuscripts were not
sought.

Data extraction

Data extraction was conducted in parallel by two
reviewers (J.B. and F.A.P.). Data regarding study details
(author, year of publication), study characteristics (de-
sign, setting) and participant data (population size, mal-
e:female ratio, mean age at diagnosis, incidence rate for
diseases studied and the corresponding 95% Cls) were
extracted. The data extraction form used is shown in
supplementary Appendix S2, available at Rheumatology
online). Discrepancies were settled via dialogue.

The reviewers assessed the quality of selected studies
using the Newcastle-Ottawa scale [7], adapted to fit this
review (supplementary Appendix S3, available at
Rheumatology online) Studies were assessed on the
representativeness of the cohort, ascertainment of TAK
diagnosis, demonstration that TAK diagnosis did not
pre-date the start of the study, study population size,
and whether the study design controlled for gender, eth-
nicity or age. The maximum number of points available
was 5. Papers were grouped by number of points
achieved, rather than in to high- or low-quality
categories.

Risk of bias assessment

Assessment of heterogeneity was performed using the 12
statistic. I >50% was taken to represent moderate het-
erogeneity, and 1> >75% to represent high heterogen-
eity. Publication bias within studies was assessed with a
funnel plot using a random effects model.

Data synthesis

The incidence rates were expressed per million person-
years. Where papers did not provide the 95% Cls, they
were calculated using the formulae below, where D is
the number of cases of the disease.

Incidencerate

exp <1.96 (&))

Lowerconfidenceinterval =

Upperconfidenceinterval = incidencerate x exp (1 .96 (%))

The distribution of incidence rates and 95% Cls
obtained from the studies were examined using a forest
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plot. The log of the incidence rate and standard error
were calculated for each study to allow these to be
pooled using the inverse variance method. A random
effects meta-analysis was used to pool incidence rates
with application of the Hartung-Knapp-Sidik-Jonkman
[8] method to adjust the CI of the pooled estimate.

Subgroup analysis was employed to explore the effect
of geographical region, sex and the quality of the paper
on incidence.

Many papers that reported the sex of the patients did
not report the overall proportion of men and women in
their populations. Where this was the case, a ratio of
50:50 was used as the estimated male:female ratio in
the population. When calculating the effect of sex on
the incidence, we found that several studies reported no
cases among men. In this circumstance, in order to
make meta-analysis possible, it is usual to put a rate
slightly above zero in the group with no cases [9].
Therefore, where the incidence rate in the male sub-
group was zero, an incidence rate of 0.5 per million per-
son-years was used in order to allow meta-analysis. We
must also consider in the case of a rare outcome
whether arbitrarily adding to the numerator could, under
random effects, cause an upward bias to the pooled es-
timate if we add 0.5 (or alternative quantity) to the zero
event number for studies where a small denominator
would mean that experiencing one or more events is un-
likely. We took the pooled estimate for the annual inci-
dence of 0.28 per million in males and applied this to
the male denominators for the studies by Romero-
Gomez et al. [10] and Nesher et al. [11] to estimate the
expected number of events and then applied the
Poisson formula. From this, the probability of obtaining
one or more events in males if the underlying incidence
in the Romero-Gomez et al. study [10] is the same as
the pooled incidence is 0.47; therefore, adding 0.5
would not seem unreasonable. The equivalent probabil-
ity for the study by Nesher et al. [11] is 0.51.

In light of the extreme heterogeneity observed in the initial
analyses, a further subgroup analysis was performed by
study setting (medical centre-based vs population-based).
All statistical analyses were performed in R version 4.0.2
(packages tidyverse, meta, metafor).

Results

The process for study selection is shown in a PRISMA
flow diagram in supplementary Fig. S1, available at
Rheumatology online. The initial database search
returned 735 results. After duplicates were removed 519
papers remained, which were then screened. At the title
and abstract stage, 505 papers were removed, leaving
14 for the full-text screening. A list of all excluded stud-
ies, including the reasons for exclusion, are available
from the author on request.

Three papers were excluded at the full-text screening
stage. One paper was a review and was therefore the
wrong study design. One did not report the incidence
rate for TAK, nor the background information that would
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have allowed us to calculate it. Finally, one was
excluded as it investigated the incidence of TAK in chil-
dren only.

Eleven studies met the inclusion criteria for the meta-
analysis. Supplementary Table S1, available at
Rheumatology online, provides an overview of their
characteristics.

Five of the studies derived their data from population-
based databases, two were single centre-based studies
and the remaining four included multiple centres. The
countries of origin were Turkey, Denmark, Norway,
Poland, Australia, Sweden, Israel, South Korea, Spain
and the UK. It is notable that most of the data came
from Europe (especially Scandinavia) and that only one
study (Park et al. [12]) looked at the incidence of TAK in
Asia, where it was originally described.

Seven of the studies identified patients using local or
national databases containing International Classification
of Diseases (ICD)-8, -9 or -10 diagnostic codes, de-
pending on the time period of the study. Makin et al.
[13] used a mixture of ICD-10 diagnostic codes, key
word searches in records of outpatient communication
and direct contact with relevant local specialists to iden-
tify patients. One study (Watts et al. [14]) used the read
code for TAK used in the national UK General Practice
Research Database. One study (Park et al. [12]) identi-
fied patients from a national database in Korea called
the Rare Intractable Disease (RID) registration pro-
gramme. Nesher et al. [11] identified patients from local
clinical databases.

Confirmation of TAK diagnosis was performed by 10
of the 11 studies, using a variety of methods. Seven
used the 1990 ACR diagnostic criteria, one the modified
Ishikawa criteria and one a combination of the two. One
study included patients fulfilling either the 1990 ACR
diagnostic criteria or the Chapel Hill Consensus Criteria
for TAK. Park et al. [12] used the RID diagnostic criteria
for TAK, which are similar to the ICD-10 diagnostic crite-
ria other than for age. Kanecki et al. [15] accessed ano-
nymized patient data and did not confirm the diagnosis
from patient records.

The meta-analysis of the incidence rate for TAK is shown
in the forest plot in Fig. 1. The random effects meta-analysis
estimated that the pooled-incidence rate of TAK was 1.11
per million person-years (95% Cl 0.70-1.76).

There was high heterogeneity among the studies
pooled for the meta-analysis (1> = 96%). The I statistic
describes the percentage of variation across studies
that is due to heterogeneity rather than chance.

A subgroup analysis was then performed by sex. The
results are shown in a forest plot in Fig. 2. The pooled
incidence rate was higher for women (2.00 per million
person-years, 95% CI 1.29-3.11) than for men (0.28 per
million person-years, 95% Cl 0.14-0.55). The heterogen-
eity also remained high, with 12 values of 94% (women)
and 85% (men).

The results grouped by quality assessment are pre-
sented in a forest plot in Fig. 3. Out of a total of 5
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Fic. 1 Forest plot showing incidence rate of Takayasu's arteritis expressed per million person-years, with 95% Cl

Study Events Time
Birlik et al 41 36.94
Mohammed and Mandl 13 18.57
Nesher et al 1" 5.24
Romero-Gomez et al 5 455
Watts et al 14 17.50
Makin et al 13 30.95
Dreyer et al 19 47.50
Saritas et al 23 6.76
Gudbrandsson et al 78 52.00
Kanecki et al 177 192.39
Park et al 612 255.00
Random effects model 1006

Heterogeneity: I* = 96% [94%; 97%]. p < 0.01

Incidence Rate

Rate 95%-Cl Weight
1.11 [0.82;1.51] 9.7%
0.70 [0.41;1.21] 8.7%
2.10 [1.16;3.79] 8.4%
1.10 [0.46;2.64] 7.0%
0.80 [0.47;1.35] 8.8%
042 [0.24;0.72] 8.7%
0.40 [0.26;0.63] 9.1%
340 [2.26;5.12] 9.3%
1.50 [1.20; 1.87] 10.0%
0.92 [0.79;1.07] 10.1%
240 [2.22;2.60] 10.2%

1.11 [0.70; 1.76] 100.0%

Fie. 2 Forest plot of the subgroup analysis by sex, with incidence of Takayasu’s arteritis expressed per million per-

son-years, with 95% ClI

Study Events Time Incidence Rate Rate 95%-Cl Weight
Sex = Female :

Watts et al 2009 13 9.04 —_— 144 [0.83;248] 52%
Dreyer et al 2011 16 23.75 g 0.67 [0.41;1.10] 5.2%
Birlik et al 2015 38 1847 s 2.06 [1.50;2.83] 5.3%
Mohammed and Mandl 2015 13 938 il 1.39 [0.80; 2.39] 5.2%
Romero-Gomez et al 2015 5 227 — 220 [0.92;5.29] 4.8%
Nesher et al 2016 11 272 : — 404 [2.24,7.29] 51%
Saritas et al 2016 19 343 : ——— 554 [3.54,869] 53%
Gudbrandsson et al 2017 68 26.00 = 262 [2.06;3.32] 54%
Makin et al 2017 13 1548 = 0.84 [0.49;1.45] 5.2%
Park et al 2017 497 127.50 : - 3.90 [3.57;4.26] 54%
Kanecki et al 2018 154 96.20 : 1.60 [1.37;1.87] 54%
Random effects model . | 2.00 [1.29; 3.11] 57.6%
Heterogeneity: I° = 94% [92%; 96%], 3‘-?0 =180.06 (p < 0.01) ;

Sex = Male :

Watts et al 2009 1 846 - 0.12 [0.02;0.84] 3.3%
Dreyer et al 2011 3 2375 : 0.13 [0.04;0.39] 4.5%
Birlik et al 2015 3 1847 _ 0.16 [0.05; 0.50] 4.5%
Mohammed and Mandl 2015 0 9.19 — 0.05 [0.00;0.87] 24%
Romero-Gomez et al 2015 0 227 - 0.22 [0.01;3.52] 24%
Nesher et al 2016 0 251 - 0.20 [0.01;3.18] 2.4%
Saritas et al 2016 4 334 - 1.20 [0.45;3.19] 4.7%
Gudbrandsson et al 2017 10 26.00 = 0.38 [0.21;0.71] 5.1%
Makin et al 2017 0 1548 - 0.03 [0.00;0.52] 2.4%
Park et al 2017 115 127.50 : 0.90 [0.75;1.08] 5.4%
Kanecki et al 2018 23 96.20 : 0.24 [0.16;0.36] 5.3%
Random effects model 2 ! 0.28 [0.14; 0.55] 42.4%
Heterogeneity: /* = 85% [74%; 91%], %3, = 65.14 (p < 0.01) :

Random effects model 1006 <4 0.82 [0.45; 1.48] 100.0%
Heterogeneity: I° = 96% [95%; 97%], ¥3; = 550.86 (p < 0.01) | ' | '

Residual heterogeneity: I* = 92% [89%:; 94%], ;éu =245.20 (p < 0.01) 0 2 4 6

Test for subgroup differences: y_f =2947,df=1(p <0.01)
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Fic. 3 Subgroup analyses based on quality, with incidence of Takayasu’s arteritis expressed per million person-years,

with 95% CI
Study Events Time
Quality = 2
Birlik et al 41 36.94
Mohammed and Mandl 13 18.57
Makin et al 13 30.95
Saritas et al 23 6.76
Kanecki et al 177 192.39

Random effects model ’
Heterogeneity: 1 = 92% [B3%; 96%], ;r_“' =47.55 (p <0.01)

Quality = 3

Nesher et al 1" 5.24
Watts et al 14 17.50
Dreyer et al 19 47.50
Gudbrandsson et al 78 52.00
Park et al 612 255.00

Random effects model .
Heterogeneity: I° = 95% [92%; 97%), %> = 84.88 (p < 0.01)

Quality =1

Romero-Gomez et al 5
Random effects model
Heterogeneity: not applicable

4.55

Random effects model 1006

Heterogeneity: I = 96% [94%; 97%), %5, = 243.50 (p < 0.01)
Residual heterogeneity: I° = 94% [91%; 96%], %> = 132.43 (p < 0.01)
Test for subgroup differences: ;j =0.13,df=2 (p = 0.94)

possible points for quality, no papers scored 5 or 4, five
papers scored 3, five papers scored 2 and one paper
scored 1. The incidence rates with 95% Cls were 1.02
(0.39-2.63) and 1.21 (0.48-3.04), respectively, for papers
that scored 2 and 3. Given that the 95% ClIs over-
lapped, any difference in incidence rate may be due to
chance. Heterogeneity remained high with 12 values of
92% and 95% in the 2- and 3-point groups,
respectively.

The studies included in this meta-analysis were
classified as medical centre-based or population-
based settings, and separate subgroup analyses
based on these categories are shown in the forest plot
in Fig. 4. For medical centre-based studies, the inci-
dence rate and corresponding 95% Cls were 1.18
(0.53-2.62) and for population-based studies 1.04
(0.45-2.40). The Cls overlap, so the difference in the
incidence rates may be due to chance. The high het-
erogeneity observed remained in both subgroups, with
1> values of 89% for centre-based studies and 98%
for population-based studies.

The studies were also analysed according to geo-
graphical region and the results are shown in Fig. 5. The
incidence rate and corresponding 95% Cls were 0.85
(0.52-1.37) for European studies and 1.53 (0.56—4.22) for
studies from the rest of the world. The Cls overlap, so
the difference in the incidence rates may be due to

4986

Incidence Rate Rate 95%-Cl Weight

L B 1.11 [0.82;1.51] 9.7%
L 0.70 [0.41;1.21] 8.7%
g 0.42 [0.24;0.72] 8.7%
- L 3 - 340 [2.26;5.12] 9.3%

0.92 [0.79;1.07] 10.1%

—_— 1.02 [0.39; 2.63] 46.5%
—— 210 [1.16;3.79] 8.4%
- 0.80 [0.47;1.35] 8.8%
== 0.40 [0.26;0.63] 9.1%
L] 1.50 [1.20;1.87] 10.0%
240 [2.22;2.60] 10.2%

—_———— 1.21 [0.48; 3.04] 46.5%
—— 1.10 [0.46;264] 7.0%
_ 1.10 [0.46; 2.64] 7.0%
< 1.11 [0.70; 1.76] 100.0%

chance. The high heterogeneity observed remained in
both subgroups, with 1% values of 84% for Europe and
94% for the rest of the world.

An influence analysis was performed to assess the ef-
fect of each study on the overall pooled incidence rate.
The systematic exclusion of each study lead to no clin-
ically meaningful effect on the pooled incidence rate,
with the results from the 11 separate analyses with a dif-
ferent study omitted each time ranging from 1.00 (0.64-
1.54) to 1.23 (0.79-1.94).

Publication bias was assessed using a Begg’s funnel
plot, which is shown in Fig. 6. The results were distrib-
uted symmetrically, suggesting a lack of publication
bias. Seven of the studies fell outside the pseudo 95%
Cls.

Discussion
Main findings

This study is, to the best of our knowledge, the first to
examine the global incidence of TAK. The meta-analysis
conducted shows TAK to be an exceedingly rare disease
with an incidence rate of 1.11 (95% CI 0.70-1.76) per mil-
lion person-years. Our point estimates suggest that TAK is
six times more common in women than men.

https://academic.oup.com/rheumatology
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Fic. 4 Forest plot of the subgroup analysis based on setting, with incidence of Takayasu’s arteritis expressed per mil-
lion person-years, with 95% ClI

Study Events Time Incidence Rate Rate 95%-Cl Weight
Setting = Centre-based

Birlik et al 41 36.94 - 1.11 [0.82;1.51] 9.7%
Mohammed and Mand| 13 18.57 - 0.70 [0.41;1.21] 87%
Nesher et al 11 524 . 210 [1.16;3.79] 8.4%
Romero-Gomez et al 5 4.55 — 1.10 [0.46; 2.64] 7.0%
Makin et al 13 30.95 B 042 [0.24;0.72) 8.7%
Saritas et al 23 6.76 —=— 340 [2.26;5.12) 9.3%
Random effects model —EE—— 1.18 [0.53; 2.62] 51.8%

Heterogeneity: I* = 89% [79%: 94%], % = 46.46 (p < 0.01)

Setting = Population-based

Watts et al 14 17.50 - 0.80 [0.47;1.35] 8.8%
Dreyer et al 19 47.50 = 0.40 [0.26;0.63] 9.1%
Gudbrandsson et al 78 52.00 : = 1.50 [1.20; 1.87] 10.0%
Kanecki et al 177 192.39 0.92 [0.79;1.07]) 10.1%
Park et al 612 255.00 2.40 [2.22;2.60] 10.2%
Random effects model - 1.04 [0.45; 2.40] 48.2%
Heterogeneity: I° = 98% [97%: 99%], 15 = 185.15 (p < 0.01)

Random effects model - 1.11 [0.70; 1.76] 100.0%
Heterogeneity: 1° = 96% [94%; 97%], %, = 243.50 (p < 0.01) I ! I | I !

Residual heterogeneity: I = 96% [94%; 97%], %2 = 231.62 (p < 0.01) 0 1 2 3 4 5

Test for subgroup differences: ;1:‘:' =0.09,df =1 (p =0.77)

Fic. 5 Subgroup analyses of studies based on geographical location, with incidence of Takayasu’s arteritis expressed
per million person-years, with 95% ClI

Study Events Time Incidence Rate Rate 95%-Cl Weight
Region = Rest of world :

Birlik et al 41 36.94 - 1.11 [0.82;1.51] 9.7%
Nesher et al 11 524 . 2.10 [1.16;3.79] 8.4%
Makin et al 13 30.95 8 0.42 [0.24;0.72] 8.7%
Saritas et al 23 B.76 : ——— 340 [2.26;5.12] 9.3%
Park et al 612 255.00 : = 240 [2.22;2.60] 10.2%
Random effects model . —————— 1.53 [0.56; 4.22] 46.4%

Heterogeneity: I* = 94% [88%; 97%], %> = 63.6 (p < 0.01)

Region = Europe

Mohammed and Mand| 13 18.57 - 0.70 [0.41;1.21] 87%
Romero-Gomez et al 5 455 —— 1.10 [0.46;2.64] 7.0%
Watts et al 14 17.50 - 0.80 [0.47;1.35] 8.8%
Dreyer et al 19 47.50 B 0.40 [0.26;0.63] 9.1%
Gudbrandsson et al 78 52.00 : & 1.50 [1.20; 1.87] 10.0%
Kanecki et al 177 192.39 _ 0.92 [0.79;1.07] 10.1%
Random effects model < 0.85 [0.52; 1.37] 53.6%

Heterogeneity: I* = 84% [68%; 92%], %: = 32.2 (p < 0.01)

Heterogeneity: 1* = 96% [94%: 97%], %, = 243.50 (p < 0.01) I
Residual heterogeneity: I° = 91% [85%; 94%], 32 = 95.81 (p < 0.01) 0
Test for subgroup differences: xf =211,df=1(p=0.15)

Random effects model 1006 "f]:- 1.11 [0.70; 1.76] 100.0%
1

https://academic.oup.com/rheumatology 4987
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Fic. 6 Begg’s funnel plot of the studies investigating the
incidence of Takayasu’s arteritis included in the meta-
analysis

Standard Error

03

0.4

-0.5 0.0 0.5 1.0

Log Incidence Rate

Heterogeneity in the literature

Whilst TAK is exceedingly rare in all studied populations,
there was high heterogeneity in incidence rates between
studies. We considered whether this was due to meth-
odology by conducting subgroup analyses by research
setting (medical centre- or population-based) and re-
search quality. These analyses did not reduce the het-
erogeneity seen. The heterogeneity was partially
explained by sex but remained high in both the male
and female subgroups. This suggests a true difference
in the incidence of TAK between different populations.
Data were not available to analyse by race.

Strengths and potential limitations

To our knowledge, this is the first systematic review of
studies of the incidence of TAK.

Studies were restricted to those published in English
where no suitable translation was available. Whilst this
is fairly common practice with systematic reviews, par-
ticularly due to the increasing shift to publishing in
English internationally, it is possible that relevant studies
could have been missed. No grey literature was
searched, which could have provided additional studies
for screening and potential inclusion.

This review was limited by the quality of the studies
included in the meta-analysis. In our adapted
Newcastle-Ottawa scale, the maximum score was 5,
which no studies achieved. Most studies scored either 2
or 3, indicating average or poor quality.

The extreme heterogeneity shown in all forest plots
was not limited by sex, study quality, setting or geo-
graphical region. This demonstrates the limited utility of
attempting to calculate global incidence rates for dis-
eases, which are likely to vary in their incidence in differ-
ent populations. We suggest that future epidemiological
studies focus on discrete populations and carry out
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thorough subgroup analyses to further assess the fac-
tors that lead to variation.

Finally, our funnel plot analysis may have been insuffi-
cient to rule out the potential for publication bias. Whilst
presence of asymmetry in a funnel plot can be used to
identify possible publication bias along with other prob-
lems, these can be unreliable when the number of stud-
ies is small (n=11 in this case). We believe our findings
may have been affected by publication bias as studies
that provide data showing TAK is more common than
previously thought may be more likely to be published
than those that report it to be more rare. Furthermore,
studies may be more likely to be conducted and
reported in populations where TAK is more common,
which has implications if we then generalize this to the
incidence of TAK worldwide.

Further research

There is a need for research that determines the inci-
dence of TAK in different geographical areas. At the mo-
ment the research is dominated by data from Northern
Europe and Turkey. We did not identify any studies from
South America or Africa. Sub-analysis of geographical
area showed a trend towards lower incidence rates in
Europe when compared with the rest of the world.
However, the overlap in Cls means that this could have
occurred through chance.

Clinical implications

Tocilizumab has recently been commissioned by NHS
England as a third-line treatment for TAK in adults
‘where attempts to control disease progression of TAK
have failed’ [5]. It is estimated that up to 50% of
patients with TAK may benefit from a biologic agent [5].
The commissioning policy is based on the incidence of
TAK in Southern Sweden, from 13 patients identified be-
tween 1997 and 2011 in a population of almost 1 million
[16]. In this way, TAK is an exemplar for many rare
rheumatic diseases where we lack epidemiological data
to guide healthcare planning for conditions that require
highly specialized treatment and concentrated clinical
knowledge and resources.

To provide more accurate incidence data for these
rare diseases, we need contemporary whole population-
based studies. This has recently been made possible by
the creation of the National Congenital Anomaly and
Rare Disease Registration Service by Public Health
England and the Registration in Complex Rare
Diseases—Exemplars in Rheumatology (RECORDER)
project, which aims to identify and build a register of
those individuals living with rare diseases, including rare
autoimmune rheumatic diseases, amongst the 55 million
people living in England [17, 18].

https://academic.oup.com/rheumatology
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Conclusions

This systematic review of the literature has demon-
strated that the incidence rate of TAK is 1.11 (95% CI
0.70-1.76) cases per million person-years. TAK is more
common in women than men. There appears to be a
genuine difference in incidence in different populations.
The reasons for this warrant further research.
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