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ABSTRACT
Objective. To assess the long-term 
mortality and risk of cardiovascular 
events (CVE) among Danish patients 
with Takayasu’s arteritis (TAK).
Methods. Administrative registers 
with nationwide coverage were used to 
identify patients diagnosed with TAK in 
Denmark during 1994-2014 and con-
struct an age- and gender-matched co-
hort of population-controls. CVE were 
LGHQWLÀHG� E\� PHDQV� RI� KRVSLWDO� GLV-
charge diagnoses and categorised as 
major or minor, based on severity. Cox 
regression analyses were used to calcu-
late hazard ratios (HRs) for death and 
ÀUVW�WLPH�KRVSLWDOLVDWLRQV�IRU�&9(�DV�D�
measure of relative risk. 
Results. 79 patients with TAK were 
LGHQWLÀHG�� FRUUHVSRQGLQJ� WR� DQ� LQFL-
GHQFH�UDWH�RI����������FRQÀGHQFH�LQWHU-
val (CI): 0.6-0.9)/million/year. Median 
duration of follow-up in the TAK cohort 
was 6.4 (IQR: 3.7-11) years. Mortal-
LW\�ZDV�VLJQLÀFDQWO\�KLJKHU�DPRQJ� WKH�
TAK patients than among the popula-
WLRQ�FRQWUROV�GXULQJ�WKH�ÀUVW���\HDUV�RI�
follow-up [HR for death: 8.0 (95% CI: 
3.0-21)], but not after >3 years [HR for 
death: 0.5 (95% CI: 0.1-3.5)]. Risk of 
&9(�ZDV�VLJQLÀFDQWO\�LQFUHDVHG�DPRQJ�
7$.� SDWLHQWV� DIWHU� ��� \HDUV� [HR for 
major CVE: 12 (95% CI: 3.8-37), HR 
for minor CVE: 19 (95% CI: 7.5-50)] 
as well as after >3 years [HR for major 
CVE: 7.6 (95% CI: 2.8-21), HR for mi-
nor CVE: 3.0 (95% CI: 1.01-9.0)].
Conclusion. Compared to the general 
population, patients with TAK expe-
rience markedly increased mortality 
during early follow-up periods. The 
long-term risk of CVE is high among 
patients affected by the disease.

Introduction
Takayasu’s arteritis (TAK) is a primary 
large-vessel vasculitis (1, 2). In north-
ern European countries, an incidence of 

TAK of 0.4-1.5/million/year has been 
reported (3-6). The disease has a higher 
incidence among females than among 
males (7). In a nationwide study from 
France, the majority of TAK patients 
were of non-Caucasian descent (8). A 
comparable observation was made in a 
Norwegian study (6). 
Varied mortality estimates have been 
reported for TAK patients diagnosed 
during different calendar-periods and 
in different countries, probably due to 
variable diagnostic options and chang-
es in treatment practices over time (9). 
A study from Japan showed 15-year 
survival rates of 79.9% and 96.5% 
among TAK patients diagnosed during 
1957-1975 and 1976–1990, respective-
ly (10). A recent French cohort study 
encompassing patients diagnosed with 
TAK between 1970 and 2014 showed a 
5% mortality rate after a median of 6.1 
years of follow-up (8).
Cardiovascular events (CVE) constitute 
a major cause of morbidity and mortal-
ity in TAK (8, 11-13). CVE related to 
TAK can develop as a consequence of 
vasculitis activity resulting in arterial 
wall stenoses and/or aneurisms (14-17). 
A range of studies have provided data 
on how the risk of CVE develops over 
time among patients diagnosed with 
TAK  (8, 18-21). A high incidence of 
CVE has been observed in several co-
horts (7, 18, 20), and Alibaz-Oner et al. 
described a 4.36 times increased risk 
of CVE among 191 TAK patients com-
pared with 191 controls (17).
We previously reported on mortality 
and cardiovascular complications in a 
cohort of 19 patients diagnosed with 
TAK in Eastern Denmark during 1990-
2009 (4). In the present study, we per-
formed a nationwide population-based 
analysis of patients diagnosed with 
TAK in the entire country of Denmark 
between 1994 and 2014. Our aim was to 
compare the long-term risk of death and 
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cardiovascular morbidity among Danish 
TAK patients with that among age- and 
gender-matched population-controls.  

Patients and methods
TAK cohort
'HQPDUN� KDV� D� WD[�ÀQDQFHG�� SXEOLF�
health care system, and TAK is only 
treated at specialised hospital depart-
ments. The Danish National Hospital 
Register (NHR) has collected infor-
mation concerning somatic inpatient 
admissions from 1977 onwards and 
information regarding inpatient, out-
patient, and emergency department 
contacts from 1995. The registry cov-
ers >99% of hospital contacts in the 
FRXQWU\�������,Q�WKH�1+5��ZH�LGHQWLÀHG�
DOO�SDWLHQWV�UHJLVWHUHG�ZLWK�D�ÀUVW�WLPH�
diagnosis of TAK during 1994-2014 
�,QWHUQDWLRQDO� &ODVVLÀFDWLRQ� RI� 'LV-
eases (ICD)-8 code: 446.91, ICD-10 
code: M31.4). To reduce the risk of 
VWXG\LQJ� PLVFODVVLÀHG� FDVHV� RI� 7$.��
we subsequently selected patients with 
at least two TAK-related hospital-con-
tacts during this calendar-period. Date 
RI� VWXG\� LQFOXVLRQ�ZDV� GHÀQHG� DV� WKH�
date of the second hospital-contact for 
TAK. Patients for whom the time in-
WHUYDO�EHWZHHQ�WKH�ÀUVW�DQG�WKH�VHFRQG�
TAK-related hospital-contact exceeded 
6 months were excluded from further 
analyses to ensure that all patients en-
rolled in the TAK cohort had newly 
diagnosed vasculitis at date of study 
inclusion.

Comparison cohort
Each patient was matched with 10 age- 
and gender-matched population-con-
WUROV��7KHVH�ZHUH� LGHQWLÀHG� E\�PHDQV�
of data from the Danish Civil Registra-
tion System (CRS) and the NHR. The 
CRS was founded in 1968 and contains 
information on birthdate, gender, and 
vital status of all citizens of Denmark 
(23). The controls were required to be 
alive and living in Denmark at date of 
study inclusion of the patient to whom 
they were matched, and they were as-
signed the same date of study inclusion 
as their corresponding patient.

Deaths and migrations
Information regarding deaths and migra-
tions was obtained from the CRS (23).

Cardiovascular events
We used the NHR to identify hospi-
talisations for CVE. Owing to rules 
for data handling precluding the pres-
entation of data that can be attributed 
to an individual person, cardiovascular 
diagnoses were pooled and catego-
rised as either major or minor CVE 
based on the severity of the recorded 
event. We included the following car-
diovascular diagnoses in the category 
of major CVE: Myocardial infarction 
(ICD-10: I21; ICD8: 410), aneurism 
and dissection (ICD10: I25.4, I71-I72; 
ICD8: 441-442), arterial embolism and 
thrombosis (ICD-10: I74; ICD-8: 444), 
and stroke (ICD10: I60-64; ICD8: 430-
431, 433-434, 436.01, 436.90). The 
following diagnoses were included in 
the category of minor CVE: angina 
pectoris (ICD-10: I20; ICD-8: 413), 
valvular heart disease (ICD-10: I05-
I08, I34-I37, I39.0-I39.4; ICD8: 394-
397.01, 424.00-424.92), and transitory 
cerebral ischaemic attacks (ICD-10: 
G45; ICD8: 435). 
Several studies have demonstrated high 
positive predictive values for cardio-
vascular diagnoses in the NHR (24, 25). 

Statistics
Study outcomes were time to death, 
WLPH� WR� D� ÀUVW�WLPH� PLQRU� &9(�� DQG�
WLPH�WR�D�ÀUVW�WLPH�PDMRU�&9(��,Q�WKH�
analysis of mortality, follow-up began 
at date of study inclusion and contin-
ued until date of death, emigration, 
loss-to-follow-up, or December 31, 
������ZKLFKHYHU�FDPH�ÀUVW��,Q�WKH�DQDO-
yses of risk of CVE after date of study 
inclusion, follow-up began at date of 
study inclusion and continued until 
GDWH� RI� ÀUVW� &9(�� GHDWK�� HPLJUDWLRQ��
loss-to-follow-up, or December 31, 
������ZKLFKHYHU� FDPH�ÀUVW�� ,I� D� ÀUVW�
time hospitalisation for a major CVE 
as well as a minor CVE had been reg-
istered for a person after date of study 
inclusion, these events were counted 
once in each of the appropriate cat-
egories. Cox regression analyses were 
used to calculate hazard ratios (HRs) 
for death, major CVE, and minor CVE 
as a measure of relative risk. HRs were 
adjusted for age at date of study inclu-
sion and gender. 
A Kaplan-Meier table was computed 

to determine cumulative survival at 10 
years of follow-up. IBM® SPSS Sta-
tistics v. 24 was used for the analyses. 

Ethics
This study was approved by the Dan-
ish Data Protection Agency (jr. no.: 
30-0604) and by the Danish National 
Board of Health.

Results
Baseline characteristics for TAK 
patients and population-controls
A total of 79 TAK patients were iden-
WLÀHG�E\�PHDQV�RI�RXU�VHDUFK�VWUDWHJ\��
Characteristics of patients and popula-
tion-controls are shown in Table I. For 
the patients, the median time-interval 
EHWZHHQ� ÀUVW�HYHU� KRVSLWDOLVDWLRQ� IRU�
TAK and date of study inclusion was 20 
(interquartile range (IQR): 7–45) days. 

Incidence of TAK in Denmark 
during 1994-2014
Based on the size of the Danish popu-
lation during 1994–2014, the incidence 
of TAK in Denmark during the study-
period was estimated to be 0.7 (95% 
FRQÀGHQFH� LQWHUYDO� �&,��� ���²�����PLO-
lion/year.

Mortality and cardiovascular 
morbidity
A total of 8 deaths occurred among 
the TAK patients, and the cumulative 
survival in the cohort was 89% after 
10 years of follow-up. Compared with 
the population-controls, the HR for 
death was 8.0 (95% CI: 3.0–21) after 
���\HDUV�RI�IROORZ�XS�DQG����������&,��
0.1–3.5) after >3 years among the TAK 
patients (Table II).
12 TAK patients were hospitalised for 
D�ÀUVW�WLPH�PDMRU�&9(�GXULQJ�IROORZ�
up, while 15 patients were registered 
ZLWK�D�ÀUVW�WLPH�KRVSLWDO�FRQWDFW� IRU�D�
minor CVE after date of study inclu-
sion. The risk of major and minor CVE 
was substantially increased in the TAK 
FRKRUW�DIWHU����\HDUV�DV�ZHOO�DV�DIWHU�!��
years of observation (Table II).

Discussion
The age- and gender-characteristics 
of Danish TAK patients are compara-
ble to those reported for patients di-
agnosed with TAK in other countries, 
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with a high female:male ratio and a 
median age of the patients of 43 years 
at time of diagnosis (7). The calculated 
incidence rate of 0.7/million/year is in 
agreement with the incidence of TAK 
observed in neighbouring Northern Eu-
ropean countries (3-6).
In the current TAK cohort, the mortal-
ity was heavily increased during the 
ÀUVW� WKUHH� \HDUV� RI� IROORZ�XS�� $IWHU�
more than 3 years of observation, the 
risk of death among the TAK patients 
was not increased compared with that 
among age- and gender-matched pop-
ulation-controls. The cumulative sur-
vival rate after 10 years of follow-up 
was 89%, which is very similar to the 
10-year survival rate of 87.2% reported 
in a South Korean study (11) but higher 
than reported from China (58.0% sur-
vival after 10 years of follow-up) (26) 
and lower than reported in a US cohort 
study (97% survival after 10 years of 
follow-up) (27). 
The current data do not allow us to 
determine the reasons for the non-in-
creased mortality observed in our TAK 
cohort after more than 3 years of ob-
servation. It could be speculated, how-
ever, that patients followed for TAK at 
specialised hospital departments are 
likely to be appropriately diagnosed 
and treated in case of CVE, and that 

mortality rates decrease after the ini-
tial phases of vasculitis therapy due to 
timely diagnosis and treatment of car-
diovascular (and other) complications. 
Our analyses demonstrate that TAK 
patients have a high long-term risk of 
experiencing CVE. Thus, we observed 
a markedly increased risk of both ear-
ly- and late-occurring hospitalisations 
for CVE, with relative risk estimates of 
12 and 7.6 calculated for major CVE 
RFFXUULQJ����\HDUV� DQG�!��\HDUV� DIWHU�
date of study inclusion, respectively. In 
agreement with these observations, a 
4.36 times increased risk of CVE was 
demonstrated among TAK patients 
compared with non-TAK controls in a 
US-Turkish long-term follow-up study 
(mean duration of follow-up in the 
TAK cohort: 7.3 years) (18). Moreover, 
the French Takayasu network reported 
vascular complication rates of 30.1% at 
5 years and 46.3% at 10 years among 
318 TAK patients (8), while a study on 
paediatric TAK patients demonstrated 
CVE-free survival rates of 45.9% at 5 
years and 29.1% at 10 years (21).
Our study has methodological strengths 
and limitations. The register-based ap-
proach allowed us to identify all pa-
tients diagnosed with TAK in Denmark 
during 1994–2014, and we studied 
outcomes (death and CVE), which are 

registered with high validity in Danish 
nationwide administrative registers (24, 
25). The rarity of TAK makes studying 
WKH�GLVHDVH�GLIÀFXOW��7KH�SUHVHQW�VWXG\�
is based on only 79 patients, and the 
relatively low number of study sub-
jects restricted the statistical power in 
our analyses. Our study was also af-
fected by rules for data handling, which 
preclude publication of data that can 
EH� DWWULEXWHG� WR� VSHFLÀF� LQGLYLGXDOV��
For this reason, cardiovascular events 
had to be pooled into two relatively 
broad categories. To reduce the risk of 
VWXG\LQJ� GLDJQRVWLFDOO\� PLVFODVVLÀHG�
patients, we required a minimum of 2 
TAK-related hospital-contacts for pa-
tients to be included in our TAK cohort. 
Since we excluded patients with only 
1 TAK-related inpatient or outpatient 
hospital-contact and those with more 
WKDQ���PRQWKV�EHWZHHQ�ÀUVW�DQG�VHFRQG�
TAK-related hospitalisation, we prob-
ably underestimated the incidence of 
TAK in the Danish population slightly.
In summary, the present study demon-
strates that Danish TAK patients expe-
rience increased mortality during early 
disease phases compared with the gen-
eral population. Moreover, the risk of 
CVE was substantially increased in our 
TAK cohort during both early and late 
follow-up periods. These observations 
underscore the necessity of prolonged 
monitoring for cardiovascular compli-
cations in patients diagnosed with TAK. 
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