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Giant cell arteritis (GCA) is an inflammatory disease of the
arteries that may result in fatal occlusion of cerebral or coro-
nary arteries, or aneurysm of the aorta1,2. Corticosteroid
therapy rapidly relieves the disease symptoms and is consid-
ered to prevent blindness due to ischemic optical
neuropathy3. Reports of a low incidence of stroke or
myocardial infarction in followup studies of GCA have led
to the conclusion that these complications are prevented by
the therapy4-6. However, autopsy studies have shown that
vascular inflammation may continue for several years after
initiation of corticosteroid therapy1,7.

Most studies have shown that survival of patients with
GCA is similar to that of control populations4,8 and that the
standard mortality ratio (SMR) is not increased9,10.
However, in 1989, Nordborg and Bengtsson11 reported an

increased death rate compared with a control group only
during the first months after diagnosis. Nesher, et al12 found
increased mortality during the first year, while Bisgård, et
al13 observed increased mortality over a 10 year period.
Graham, et al14 also found an increased death rate, but only
in women.

The disease course in polymyalgia rheumatica (PMR) is
considered benign and, compared with GCA, lower corticos-
teroid doses are required to control disease symptoms15. The
distinction from biopsy negative GCA is sometimes difficult
and fatal arteritis has been described in PMR based on
autopsy studies1. Studies of PMR have been contradictory,
with reports of an increased survival rate compared with a
reference population16, but also of increased mortality due to
vascular disease during the first 2 years only in men17.

We investigated the causes of death in patients with
biopsy proven GCA or PMR. The effect of erythrocyte sedi-
mentation rate (ESR) at diagnosis and corticosteroid therapy
on the risk of death was analyzed. These variables, together
with the presence of eye complications and the traditional
risk factors for cardiovascular disease (CVD) (hypertension
and diabetes mellitus), which are also associated with corti-
costeroid therapy, were used to test for the risk of a cardio-
vascular event (CVE).
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ABSTRACT. Objective. To study the cause of death pattern in patients with giant cell arteritis (GCA) or
polymyalgia rheumatica (PMR), and to analyze the effect of the disease, or its therapy, on the risk
of a cardiovascular event (CVE).
Methods. Patients with biopsy proven GCA or with PMR, whose condition was diagnosed between
1973 and 1979, were followed until December 31, 1995. The standardized mortality ratio (SMR)
was estimated using data for the population of Västerbotten, Northern Sweden, as reference value.
Information for sex, age at diagnosis, erythrocyte sedimentation rate (ESR) at diagnosis, corticos-
teroid therapy, comorbidity from diagnosis, and date and cause of death was collected.
Results. A total of 136 patients with GCA and 35 with PMR were identified. At the time of followup
114 patients with GCA and 25 with PMR were deceased. The overall mortality was significantly
increased in the female patients, SMR = 133 (95% CI 110–162). Death due to cardiovascular disease
(CVD) was significantly increased in both women and men, SMR = 149 (95% CI 118–189) and 158
(95% CI 112–224), respectively, and mainly due to ischemic heart disease. An excess mortality was
found in women with the highest ESR, the highest prescribed dose of prednisolone at diagnosis, or
a daily prednisolone dose of 10 mg or more one year after diagnosis. In multiple Cox regression
analysis, male sex and hypertension significantly increased the risk of a CVE.
Conclusion. Death due to CVD was increased in patients with GCA. Increased mortality was related
to either the corticosteroid therapy itself or insufficient control of inflammation. (J Rheumatol
2002;29:737–42)
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MATERIALS AND METHODS
Patients. All patients with GCA diagnosed by analysis of the temporal
artery biopsy at the Department of Pathology, Umeå University Hospital,
and all patients with PMR diagnosed at the Department of Rheumatology,
Umeå University Hospital, between 1973 and 1979 were included in the
study. The Department of Rheumatology, Umeå, in the county of
Västerbotten, was the reference center for patients with PMR. Temporal
artery biopsies were collected from the 4 northern-most counties of
Sweden, of which Västerbotten is one. Medical records of all patients with
GCA were reviewed. These patients also fulfilled ≥ 3 of the five 1990
American College of Rheumatology (ACR) classification criteria for GCA
(traditional format)18. Medical records of all patients with PMR were
reviewed and patients were included if they had proximal myalgia and
fulfilled another 2 or more criteria suggested by Bird, et al19. The patients
were followed through their medical records from diagnosis until
December 1995 or death.

Information on the date and underlying cause of death was obtained
from the records held by Statistics Sweden. The cause of death pattern for
women and men in the county of Västerbotten for a single year in the
middle of the study period (i.e., 1987) was obtained from Statistics Sweden
and used as the reference population for statistical analysis.

Data collection. Data collected from medical records included age, sex,
ESR, and prednisolone dose at diagnosis and at 12 months (± 2 mo) and the
duration of prednisolone therapy. When other glucocorticosteroids were
prescribed the equivalent doses of prednisolone were calculated and used
in the analyses.

Data were also collected regarding treatment for hypertension and
diabetes mellitus before and after diagnosis of GCA or PMR, and skeletal
fractures after diagnosis, including symptomatic fractures of the vertebrae
confirmed by radiography. Eye complications diagnosed by an 
ophthalmologist and that were due to arteritis were recorded.

Myocardial infarction was diagnosed according to WHO criteria20. Any
cerebrovascular lesion was diagnosed by computerized tomography, or
when a typical clinical picture with neurological deficits persisted for more
than 24 hours. Transient ischemic attack was defined as a focal 
neurological deficit of presumed ischemic origin that persisted < 24 hours.
Classification of a cardiovascular event also included dissecting aortic
aneurysm, coronary angioplasty, amputation due to arterial insufficiency,
pulmonary embolism diagnosed by pulmonary angiography or at autopsy,
and deep vein thrombosis verified by phlebography. Information for fatal
CVE was obtained from the medical record and/or autopsy for 32 patients
and the registered cause of death of 6 patients.

Medical records of 6 patients after diagnosis were missing and 
incomplete for 2 other patients with GCA. Insufficient data on 
corticosteroid therapy included the initial dose in 4 patients with GCA,
length of therapy in 5, and dose at 12 months in 8 patients with GCA and
one with PMR. Two patients with GCA were receiving corticosteroid
therapy due to bronchial asthma and rheumatoid arthritis (RA).

Statistical methods. SMR and 95% confidence intervals (CI) were 
calculated separately for female and male patients for overall and 
cause-specific mortality. Survival was calculated with Kaplan-Meier and
comparison of survival within the patient groups was tested by log-rank test
statistics. The Mann-Whitney U test was used for comparison of clinical
data between patient groups. Results were expressed as medians with the
interquartile range (IQR; 25th to 75th percentiles).

The time between diagnosis and CVE was analyzed by Cox regression
incorporating the proportional hazard assumption. The relative risk (RR)
was calculated with 95% CI. The variables sex, age at diagnosis, eye
complications due to arteritis, GCA or PMR diagnosis, initial ESR, initial
and 12 month prednisolone doses, and hypertension or diabetes mellitus
after diagnosis were included as covariates, first individually in a simple
Cox regression model and then simultaneously in a multiple Cox regression
model. Additionally a separate analysis was performed for women only.
The proportional hazard assumption was checked graphically by examining

the log-log survival curves. In the above regression models, the dose of
prednisolone was categorized into intervals: initial dose into 5–19, 20–39,
and ≥ 40 mg, respectively; and the dose after 12 months into 0, 0.5–5.0,
5.5–9.5, and ≥ 10 mg intervals. Age was categorized into 10 year intervals.

RESULTS
There were 136 patients with biopsy proven GCA and 38
with the diagnosis of PMR. Of those patients registered as
PMR it was not possible to confirm diagnosis from the
medical records of 3 patients. Median time for followup in
the remaining 171 patients from diagnosis until December
1995 or death was 10 years (range 0–22 yrs).
Mortality. At followup (i.e., December 1995) 139 patients
had died, of whom 114 were patients with GCA (76 women,
38 men) and 25 patients with PMR (23 women, 2 men).
Autopsy had been performed on 43 of the patients.

The overall mortality was significantly increased in the
women with GCA or PMR, SMR = 133 (95% CI 110–162)
(Table 1). Death due to CVD was significantly increased in
both women and men, SMR = 149 (95% CI 118–189) and
SMR = 158 (95% CI 112–224), respectively (Table 2). The
increase was mainly due to ischemic heart disease (IHD),
SMR = 151 (95% CI 107–213) and SMR = 189 (95% CI
123–287), respectively. The results were similar when
analyzed for GCA patients only.

Female patients with ESR ≥ 110 mm/h at diagnosis,
initial prednisolone dose ≤ 40 mg/day, or prednisolone dose
10 mg/day at 12 months had a significantly increased
mortality (Table 3). Mortality due to CVD was higher in
patients with GCA compared with PMR (p = 0.05). Overall
survival rate did not differ between male and female patients
(p = 0.26).

Morbidity after diagnosis. One or more CVE occurred in
101 of 167 (61%) patients after GCA or PMR was 
diagnosed. The most prevalent first events were 
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Table 1. Total mortality in 114 patients with GCA and 25 patients with PMR
diagnosed 1973–79. Reference population: County of Västerbotten,
Sweden, 1987.

Age at Number of Number of Deaths
Entry, yrs Person–yrs Observed Expected SMR 95% CI

Women
50–69 302 6 2.6 231 106–504
70–79 642 36 21.2 170 123–235
80–89 390 47 38.1 123 93–164
90–99 54 10 12.4 81 44–150
50–99 1388 99 74.3 133 110–162

Men
50–69 133 6 3.1 192 87–420
70–79 225 15 12.2 123 74–203
80–89 112 17 15.5 110 69–177
90–99 3 2 1.0 205 53–798
50–99 473 40 31.8 126 92–171

SMR: standardized mortality ratio;
CI: confidence interval.
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cerebrovascular accident/transient ischemic attack in 40
patients and acute myocardial infarction in 38 patients.
Aortic aneurysm was diagnosed in 4 patients. The first event
was fatal in 38 patients.

The prevalence of hypertension and diabetes mellitus at
diagnosis and at followup and fractures after diagnosis is
presented in Table 4. After diagnosis the prevalence of
diabetes mellitus and hypertension was similar in patients
with GCA and with PMR. Patients with hypertension were
not prescribed higher corticosteroid doses initially or 12
months after diagnosis (data not shown). Fractures after
diagnosis were significantly more common in female
patients with GCA or PMR, 43/121 (36%) compared with
the male patients: 6/42 (14%); p < 0.01. Vertebral fractures
were diagnosed after GCA/PMR diagnosis in 23 patients,
and limb fractures in 30 patients, of whom 4 had had both
vertebral and limb fractures.

Cox regression of time to CVE. In a simple Cox regression
analysis, men had significantly higher risk of CVE than
women, with a relative risk (RR) of 1.75 (95% CI
1.15–2.68). In multiple Cox regression analysis using the

first CVE as the dependent variable, hypertension after 
diagnosis of GCA or PMR was associated with a 
significantly increased RR, 1.78 (95% CI 1.11–2.83). This
finding was confirmed in a separate analysis of women, for
whom age was also a significant risk factor, RR 1.45 (95%
CI 1.00–2.11).

Clinical data and corticosteroid therapy. Data on age of
patients, ESR, corticosteroid dose at diagnosis, and duration
of therapy by diagnosis are shown in Table 5. Prednisolone
dose and ESR at diagnosis were significantly higher in
patients with GCA compared with those with PMR. The
median duration of prednisolone therapy in the 111 patients
whose corticosteroid therapy had been discontinued before
death was 2.8 years for GCA and 2.7 years for PMR. 
Forty-two patients were taking prednisolone at time of
death, and 6 (19%) of the 32 patients surviving at December
1995 continued corticosteroid therapy. Two patients with
GCA and 4 with PMR never received corticosteroids.

Twenty-nine (17%) of 170 patients had eye compli-
cations due to arteritis. Eye symptoms preceded corticos-
teroid therapy in 26 patients and appeared during therapy in
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Table 2. Cause-specific mortality in 114 patients with GCA and 25 patients with PMR diagnosed 1973–79, according to the International Classification of
Diseases (ICD), 9th revision. Reference population: County of Västerbotten, Sweden, 1987.

Number of Deaths
Cause of Death ICD–9 Observed Expected SMR 95% CI

GCA and PMR
Women

Malignancy 140–239 7 11.4 61 30–128
Cardiovascular disease 390–459 68 45.5 149 118–189

Ischemic heart disease 410–414 32 21.2 151 107–213
Cerebrovascular disease 430–439 15 10.7 140 85–231
Aneurysm 441–442 3 1.3 224 74–673

Total 000–999 99 74.3 133 110–162
Men

Malignancy 140–239 2 5.2 39 10–147
Cardiovascular disease 390–459 31 19.6 158 112–224

Ischemic heart disease 410–414 21 11.1 189 123–287
Cerebrovascular disease 430–439 2 3.6 55 14–217
Aneurysm 441–442 1 0.9 114 16–808

Total 000–999 40 31.8 126 92–171
GCA
Women

Malignancy 140–239 5 8.2 61 26–145
Cardiovascular disease 390–459 53 32.9 161 123–210

Ischemic heart disease 410–414 24 15.3 157 105–233
Cerebrovascular disease 430–439 11 7.8 142 79–255
Aneurysm 441–442 2 1.0 208 54–805

Total 000–999 76 53.6 142 113–177
Men

Malignancy 140–239 2 4.9 41 11–157
Cardiovascular disease 390–459 29 18.9 154 107–220

Ischemic heart disease 410–414 19 10.6 180 115–279
Cerebrovascular disease 430–439 2 3.4 58 15–228
Aneurysm 441–442 1 0.8 120 17–849

Total 000–999 38 30.6 124 90–170

SMR: standardized mortality ratio; CI: confidence interval.
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3 patients after 6, 5, and 3 months, respectively. Two of
them were clearly taking inadequate corticosteroid doses
previous to eye complications. The third patient seemed to
require unusually high doses of corticosteroids. Eye compli-
cations were amaurosis fugax (n = 9), permanent visual loss
in one eye (n = 12) or both eyes (n = 1), blurred vision (n =
4), and diplopia (n = 3). Two patients with PMR had clinical
symptoms of GCA with eye complications but a negative
temporal artery biopsy. Another patient, without clinical
GCA at known onset of disease, had a positive temporal
artery biopsy after 7 years. Two patients with biopsy proven
GCA also had RA according to the 1987 ACR criteria, with
disease duration of 19 and 20 years, respectively.

DISCUSSION
Giant cell arteritis was associated with an increased overall
mortality in women. Our finding confirms 2 earlier studies
that reported an increased overall mortality in patients with
GCA12,13. Previous contradictory results4,5,8-10 might be due
to the relatively short followup time, which means that
possible effects of late complications of the disease, or

therapy, were not detected. Also, genetic and environmental
differences between populations might influence the
severity of the disease and the late complications. The
excess mortality in women with high ESR at diagnosis and
high prednisolone doses either initially or after a year indi-
cate that the severity of the inflammation, or its treatment,
increased the risk for death. This contrasts with 2 recent
reports from Spain that show negative correlation between a
strong inflammatory response and cranial ischemic compli-
cations in early disease21,22. In a study of patients with
biopsy proven GCA Graham, et al found that a maintenance
dose of more than 10 mg prednisolone daily predicted lower
survival in the patients. The authors concluded that the
increased mortality rate was associated with the therapy
itself14.

When causes of death were considered, increased
mortality due to CVD and IHD was found in both men and
women. In Northern Sweden mortality due to CVD is high,
according to the WHO MONICA study23, thus the reference
population from Västerbotten was used instead of the popu-
lation from all of Sweden. Malignancy as cause of death was
not found to be increased, in accord with an earlier report24.

The etiology and pathogenesis of CVD in GCA is prob-
ably multifactorial. The local inflammation of arteries in
GCA is distinguished morphologically from atheromatosis.

The Journal of Rheumatology 2002; 29:4740

Table 3. Mortality in all patients by ESR at diagnosis, initial prednisolone
dose, and 12 months later.

Number of Deaths
Observed     Expected           SMR 95% CI

ESR at diagnosis, mm/h
Women

0–69 21 14.9 141 92–215
70–109 43 38.1 113 84–152
110- 28 15.7 178 124–256

Men
0–69 5 4.4 113 47–271
70–109 17 11.2 152 95–243
110– 17 15.7 108 67–174

Initial prednisolone dose, mg/day
Women

5–19 21 17.0 124 81–189
20–39 32 29.7 108 76–152
40– 37 21.2 175 127–240

Men
5–19 6 4.8 124 56–275
20–39 17 10.9 156 97–250
40– 15 14.7 102 62–169

Prednisolone dose at 12 mo, mg/day
Women

0 10 8.1 123 66–228
0.5–5 32 26.0 123 87–173
5.5–9.5 16 17.5 92 56–149
10– 22 14.0 157 104–238

Men
0 5 5.1 98 41–234
0.5–5 17 14.5 117 73–188
5.5–9.5 7 5.8 120 57–250
10– 7 5.6 124 59–260

SMR: standardized mortality ratio; CI: confidence interval.

Table 4. Prevalence of diabetes mellitus and hypertension at diagnosis and
at followup and fractures after diagnosis in patients with GCA and with
PMR.

GCA PMR Total
n (%) n (%) n (%)

Diabetes mellitus
At diagnosis 8/135 (5.9) 2/35 (5.7) 10/170 (5.9)
After diagnosis 25/128 (20) 5/35 (14) 30/163 (18)

Hypertension
At diagnosis 39/134 (29) 15/35 (43) 54/169 (32)
After diagnosis 56/130 (43) 20/35 (57) 76/165 (46)

Fracture
After diagnosis 39/128 (31) 10/35 (29) 49/163 (30)

Table 5. Clinical data and prednisolone therapy in 136 patients with giant
cell arteritis (GCA) and 35 patients with polymyalgia rheumatica (PMR).
Medians (interquartile range).

GCA PMR p

At diagnosis
Age, yrs 71 (66–76) 68 (64–74) NS
ESR, mm/h 99 (71–115) 90 (73–100) < 0.05
Prednisolone dose, mg/day 30 (20–49) 10 (5–20) < 0.001
Prednisolone dose at 12 mo, 

mg/day 5.0 (2.5–10.0) 5.0 (0.2–7.4) NS
Duration of therapy, mo 35 (17–58) 28 (12–62) NS

NS: not significant.
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In GCA, the inflammatory process extends throughout the
arterial wall from the neovessels in the adventitia into the
intimal layer, providing alternative sites for endothelial
injury. Histopathologically, local vasculitic changes are
found in the arterial wall in GCA patients with fatal vascular
complications1,7. Increased mortality due to vascular disease
early after diagnosis of GCA has been verified by autopsy
and interpreted as lack of control of inflammation11. Several
months or years after diagnosis, CVD may be seen as a
complication due to atherosclerosis, and an association to
the vasculitis goes unrecognized.

There is increasing evidence that inflammation continues
in patients with GCA or PMR despite therapy. Longstanding
elevation of von Willebrand factor in GCA25 and PMR26

during corticosteroid therapy suggests a continued endothe-
lial dysfunction. Proinflammatory cytokines, such as inter-
leukin 6 (IL-6), are produced in areas of vasculitis and from
circulating monocytes in untreated GCA27. Continued
elevated plasma IL-6 levels during corticosteroid treatment
have been found in a subset of patients with GCA28 and in
patients with PMR even during clinical remission29.
Intercellular adhesion molecule-1 (ICAM-1) is upregulated
by proinflammatory cytokines and is expressed in the
vascular lesions seen in patients with GCA30. Elevated
serum levels of soluble (s) ICAM-1 have been found in
active PMR and GCA31,32.

Increased levels of markers of inflammation such as C-
reactive protein33 and sICAM-134 are independent risk
factors for future coronary events in otherwise healthy indi-
viduals. Consequently, the continued systemic inflammation
in GCA might accelerate, or trigger, a preexisting athero-
sclerosis and/or a procoagulant state. Previous arterial
disease and smoking are independent risk factors for GCA
in women35, suggesting that the patients are predisposed for
CVD.

Studies in patients with PMR have included either
temporal artery biopsy positive patients or biopsy negative
GCA patients16,17, and report an expected survival rate
equivalent to that of controls16. However, cardiovascular
death was overrepresented in male patients with PMR17. The
subgroup of PMR patients in our study was too small to
permit conclusive results on mortality. Within the patient
group there was a better survival in PMR patients compared
to GCA patients; this supports the opinion of PMR as a more
benign disease than GCA. The main difference in therapy
was lower initial prednisolone doses in the PMR versus
GCA patients, in agreement with the recommendations at
the time15.

Our study does not allow us to distinguish the contribu-
tion of corticosteroid therapy per se to mortality rates.
Corticosteroid treatment is associated with a considerable
number of possible side effects36, and in GCA and PMR is
related to increased comorbidity12,37. In a study of 43
patients in Israel, corticosteroid therapy was reported to

increase mortality in early disease due to infection12.
Infection as a cause of death was uncommon in our patients,
probably as the corticosteroid doses were relatively low or
because of epidemiological differences.

Corticosteroid therapy has been associated with prema-
ture cardiovascular complications in systemic lupus erythe-
matosus and related to steroid induced hypercholesterolemia
and hypertension38. In patients with PMR, serum cholesterol
levels are normal and those of lipoprotein(a), a strong
atherogenic factor, normalize during corticosteroid
therapy39. Although hypertension, but not diabetes mellitus,
predicted a cardiovascular event in our study, there was no
relationship between the corticosteroid doses and hyperten-
sion. However, as there is impaired endothelial function in
hypertension40, the presence of hypertension might add to
the damage caused by the endothelial inflammation in GCA.

Plasminogen activator inhibitor-1 (PAI-1) is a risk factor
for recurrent infarction in patients with recent myocardial
infarction41. Glucocorticoids induce PAI-1 synthesis in a
variety of cells and tissues42. We have shown26 that serum
levels of PAI-1 increase rapidly with corticosteroid therapy
in patients with PMR. Thus, the therapy itself might induce
and/or maintain a decrease in fibrinolytic activity in the
patients.

To conclude, increased mortality in patients with GCA
was due to CVD, particularly IHD. An association with
corticosteroid therapy is difficult to identify. Is there a direct
effect of corticosteriods, or an indirect effect caused by
reduced fibrinolysis, or is the association due to an extensive
and continued inflammation that is not treated adequately?
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