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Metabolic features and glucocorticoid-
induced comorbidities in patients with
giant cell arteritis and polymyalgia
rheumatica in a Dutch and

Danish cohort

Idil Esen,’ Suzanne Arends

Ellen Hauge,?® Elisabeth Brouwer

ABSTRACT

Objectives Giant cell arteritis (GCA) and polymyalgia
rheumatica (PMR) are age-associated inflammatory diseases
that frequently overlap. Both diseases require long-term
treatment with glucocorticoids (GCs), often associated with
comorbidities. Previous population-based cohort studies
reported that an unhealthier metabolic profile might prevent
the development of GCA. Here, we report metabolic features
before start of treatment and during treatment in patients
with GCA and PMR.

Methods In the Dutch GCA/PMR/SENEX (GPS) cohort, we
analysed metabolic features and prevalence of comorbidities
(type 2 diabetes, hypercholesterolaemia, hypertension,
obesity and cataract) in treatment-naive patients with GCA
(n=50) and PMR (n=42), and compared those with the
population-based Lifelines cohort (n=91). To compare our
findings in the GPS cohort, we included data from patients
with GCA (n=52) and PMR (n=25) from the Aarhus cohort.
Laboratory measurements, comorbidities and GC use were
recorded for up to 5years in the GPS cohort.

Results Glycated haemoglobin levels tended to be higher

in treatment-naive patients with GCA, whereas high-density
lipoprotein, low-density lipoprotein and cholesterol levels
were lower compared with the Lifelines population. Data
from the Aarhus cohort were aligned with the findings
obtained in the GPS cohort. Presence of comorbidities at
baseline did not predict long-term GC requirement. The
incidence of diabetes, obesity and cataract among patients
with GCA increased upon initiation of GC treatment.
Conclusion Data from the GCA and PMR cohorts imply a
metabolic dysregulation in treatment-naive patients with
GCA, but not in patients with PMR. Treatment with GCs led to
the rise of comorbidities and an unhealthier metabolic profile,
stressing the need for prednisone-sparing targeted treatment
in these vulnerable patients.

INTRODUCTION

Giant cell arteritis (GCA) is a granuloma-
tous inflammatory disease that affects large-
sized and medium-sized vessels in elderly
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Some evidence points at an association of a healthy
metabolic profile with the development of giant cell
arteritis (GCA).

WHAT THIS STUDY ADDS

= At diagnosis, patients with GCA in two GCA/polymy-
algia rheumatica cohorts show a dysregulated lipid
and glucose metabolism.

= After glucocorticoid treatment initiation, the inci-
dence of diabetes, obesity and cataract increased.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= At diagnosis, metabolic features may reflect the in-
flammation state in patients with GCA.

= Novel glucocorticoid-sparing agents are needed for
reducing adverse events in patients with GCA.

patients. Symptoms can vary, and the spec-
trum of disease includes overlapping pheno-
types which are large vessel GCA and GCA
with cranial artery involvement.! In addition
to specific symptoms such as headache, jaw
claudication, limb claudication and vision
loss, patients also often suffer from non-
specific symptoms such as fever and weight
loss.? ® Moreover, due to the involvement
of the aorta and its major branches, there
is a risk of developing thoracic aneurysms,
which significantly increases mortality among
these patients.” * Approximately 40%-60%
of patients with GCA also have overlapping
polymyalgia rheumatica (PMR).? PMR is
an inflammatory rheumatic disease charac-
terised by pain and stiffness of the hips and
shoulder girdle. Similar to GCA, patients may
also experience general symptoms.” ® PMR
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is one of the most common rheumatic diseases in the
elderly.7

Previous population-based cohortstudies have reported
that the risk of GCA development associates with a
healthy metabolic profile.*'" High fasting blood glucose,
cholesterol and triglyceride levels were found to be nega-
tively associated with the development of GCA. Moreover,
a negative correlation between body mass index (BMI)
and the risk of developing GCA was shown.*"" However,
these studies included individuals who developed GCA
after inclusion in population-based cohorts, and studies
on treatment-naive patients with GCA are mostly lacking.
Additionally, high glycated haemoglobin (HbAlc) levels
might be negatively associated with a GCA diagnosis."”
However, for patients with PMR, such an association with
BMI was not detected."

Both GCA and PMR require a prompt treatment with
glucocorticoids (GCs). The recommended starting dose
for PMR is 12.5-25 mg/day of prednisone, while in GCA
treatment, a substantially higher dose of 40-60 mg/day
is used."* GC tapering is initiated after clinical remission
and is continued until GCAree remission is achieved,
which in many patients, requires more than 2years.14 15
Also, relapses are common during GC tapering, requiring
an increase in GC dose and prolonging treatment
duration.'

Besides the relation between metabolic character-
istics of patients at baseline and the risk of developing
GCA and PMR, treatment with high-dose GCs increases
the risk of GCrelated adverse events. These adverse
events include an increased BMI, hypercholesterolaemia
(HCT), hypertension (HT), type 2 diabetes (T2D), cata-
ract, glaucoma, pneumonia and infections.'”® Recent
reports have stressed the importance of identifying new
factors/biomarkers that could aid the stratification of
patients with GCA/PMR for responsiveness to GC treat-
ment and identification of alternative new GC-sparing
treatment options.26

Thus, although recent studies suggest a positive asso-
ciation between a healthy metabolic profile in elderly
individuals and the risk of development of GCA, data
are limited. Therefore, we performed an in-depth char-
acterisation of the metabolic features and prevalence
of comorbidities of patients with GCA and PMR at the
time of diagnosis, and compared those with age-matched
and sex-matched individuals from the population-based
cohort (Lifelines) from the same region. To contextu-
alise our findings, patients with GCA and PMR from the
Aarhus GCA and PMR cohort were studied. Next, we
explored the association of metabolic features or comor-
bidities with inflammation markers at diagnosis. Further-
more, we investigated whether patient characteristics,
comorbidities and intoxication at baseline predicted
long-term GC requirement. Finally, we documented
comorbidities after initiation of GC treatment during
5-year follow-up.

MATERIALS AND METHODS

Study populations

Two prospective GCA and PMR cohorts were included in
this study. In both cohorts, none of the patients used GCs
or disease-modifying antirheumatic drugs (DMARDs)
before assessment. All study participants gave written
informed consent and all procedures were in line with
the Declaration of Helsinki.

Patients with newly diagnosed GCA (n=50) and PMR
(n=44) were recruited from the GCA/PMR/SENEX
(GPS) cohortin Groningen, the Netherlands. All patients
were seen at the Rheumatology and Clinical Immunology
outpatient clinic of the University Medical Center Gron-
ingen, in the period between 2011 and 2019. Diagnosis
of patients with GCA was based on either a positive
temporal artery biopsy (TAB) or 18F-fluorodeoxyglucose-
positron emission tomography-CT (FDG-PET/CT). PMR
diagnosis was based on either the Chuang/Hunder or
American College of Rheumatology 2012 classification
criteria together with the clinician’s expert opinion and
supported by FDG-PET/CT imaging. Patients who had
been diagnosed with overlapping GCA and PMR were
grouped with the patients with GCA.?’

The Danish Aarhus cohort served as the validation
cohort and included 52 patients with GCA and 25 patients
with PMR who were diagnosed after clinical examination,
laboratory analysis, the positivity of TAB, FDG-PET/CT
and ultrasound imaging. Previously, a more detailed
description of this cohort has been published.”

Cross-sectional data of the Lifelines cohort study
(https://www.lifelines.nl/) were used as representative
of the general population in the Netherlands. Lifelines is
a multidisciplinary prospective population-based cohort
study examining in a unique three-generation design the
health and health-related behaviours of 167729 persons
living in the North of the Netherlands. It employs a
broad range of investigative procedures in assessing the
biomedical, sociodemographic, behavioural, physical
and psychological factors which contribute to the health
and disease of the general population, with a special
focus on multimorbidity and complex genetics. Non-
fasting participants from this cohort were selected for
population-based comparison with our GPS cohort using
frequency matching according to age and sex (n=93) 2

Follow-up and treatment

Participants with GCA and PMR in the GPS cohort
received follow-up according to a fixed study protocol. In
this study, for patients with GCA and PMR, clinical and
laboratory data from follow-up visits at 3 months, 1, 2, 3,
4 and 5 years were included (online supplemental table 1
for time frames). GC treatment and tapering were in line
with the British Society for Rheumatology (BSR) guide-
lines for GCA and PMR."* Six patients with PMR received
treatment different from the BSR guidelines due to
personal preferences and therefore only their baseline
data were included. A relapse required an extra visit to
the outpatient clinic and the daily GC dose was increased
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and/or either methotrexate, leflunomide was added as
GC-sparing treatment. In patients in remission, GC and/
or DMARD tapering was continued until GCfree remis-
sion was achieved.

Laboratory measurements

Laboratory measurements of HbAlc, glucose, high-
density lipoprotein (HDL), low-density lipoprotein
(LDL), triglycerides, cholesterol, C reactive protein
(CRP), erythrocyte sedimentation rate from GCA/PMR
cohorts were collected as part of patient care and have
previously been described extensively.” Details with
respect to collection and processing of samples from the
Lifelines population have been published before.*

Comorbid diseases

Frequencies of common comorbidities such as T2D,
HCT, HT, obesity and cataract were recorded. To include
potentially undiagnosed comorbidities, metabolic disor-
ders were also defined based on laboratory measure-
ments and/or data from physical examination. These
retrospectively defined comorbidities can be found in
online supplemental table 2. All definitions were based
on reference values. To cohere with HbAlc standard-
isation established by the International Federation of
Clinical Chemistry Working Group, any HbAlc value
in percentages was converted to mmol/mol. Cataract
was also included as a comorbidity in this study, since it
develops frequently during GC treatment.

Patient and public involvement

In 2010, the GPS (GCA, PMR) cohort study including
clinical data and biobanking was initiated. Question-
naires and patient-reported outcomes were designed in
close contact with patients and the Dutch Vasculitis Foun-
dation. Our central research question concerns stratifi-
cation of patients. During our GPS cohort study, we have
continuously partnered with our patients and asked for
feedback on the burden of study. The latest renewal of
our ethical approval in 2017 of the GPS cohort was based
also on the input patients gave us.

Statistical analysis

Results were expressed as number (%) of patients for
categorical data and mean+SDor median (range) for
normally distributed and non-normally distributed
continuous data, respectively. X* test followed by X* or
Fisher’s exact test were used to compare differences in
categorical parameters between the Dutch GCA, PMR
and Lifelines groups. Kruskal-Wallis test followed by
Mann-Whitney U test were used to compare differences
in continuous parameters between these three groups.
X? or Fisher’s exact test and Mann-Whitney U test were
used as appropriate to compare differences between the
Dutch and Danish GCA or PMR groups as well as between
subgroups with and without comorbidities. Spearman
correlation coefficient was used to analyse the associ-
ation between metabolic features and inflammation
markers. Logistic generalised estimating equation (GEE)

was performed to analyse comorbidities over time within
subjects. GEE is a longitudinal analysis technique which
makes use of all available longitudinal data and allows
unequal numbers of repeated measurements. Missing
data were not imputed. GEE corrects for the within-
subject correlation using an a priori defined ‘working’
correlation structure. The exchangeable correlation
structure was used for all variables. Simple contrasts
were used to compare baseline and follow-up visits. Cox
regression was performed to analyse patient characteris-
tics, comorbidities and intoxication at baseline to predict
time to achieve GC-ree remission. P values of <0.05 were
considered statistically significant. Statistical analysis was
performed and graphs were made with IBM SPSS Statis-
tics V.23 and GraphPad Prism for Windows V.8.0.1.

RESULTS

Patient characteristics

Baseline characteristics of patients with GCA and PMR of
the Dutch GPS cohort were compared with data obtained
from age-matched and sex-matched participants of the
Dutch Lifelines cohort as representatives of the general
population (table 1).

Comorbidities and intoxication at diagnosis

We did not observe a lower prevalence of T2D in patients
with GCA at diagnosis when compared with the general
population (table 1). The percentage of T2D was even
higher in patients with PMR. The prevalence of HT and
cataract was significantly higher both in patients with
GCA and PMR compared with the general population
controls. Interestingly, the proportion of current smokers
in the GCA group was significantly higher compared
with patients with PMR, whereas the number of alcohol
consumers was significantly lower. The frequency of
comorbidities was comparable between patients from the
GPS cohort and patients from the Aarhus cohort, except
for HT, which was less common in patients with GCA in
the Aarhus cohort which may be influenced by age differ-
ence between two cohorts.

Altered glucose and lipid metabolism in patients with GCA at
diagnosis

From our cross-sectional analysis at baseline, it appeared
that markers of glucose and lipid metabolism had shifted
in opposite directions in patients with GCA. At diag-
nosis, we observed significantly higher glucose levels in
patients with GCA of the GPS cohort compared with the
general population. Moreover, HbAlc levels tended to
be higher in patients with GCA as well, when compared
with individuals from the general population (p=0.068).
In contrast, these patients with GCA had significantly
lower cholesterol, HDL and LDL levels, and a lower BMI
compared with controls. There were fewer differences
between patients with PMR and the general population.
We observed higher glucose levels and lower LDL levels
in patients with PMR, whereas BMI, HbAlc levels and
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Table 1 Overview of patients with GCA/PMR from the Dutch GPS cohort and the Dutch general population cohort
Lifelines Kruskal-Wallis
GCA (GPS) PMR (GPS) population p value

N (total) 50 44 93

Age in years, median (range) 71.0 (52-89) 73.0 (54-84) 70.0 (52-85) 0.096

Female, n (%) 35 (70) 26 (59) 61 (66) 0.538

Diagnosis (TAB/PET-CT/both), n 23/33/9 —/31/— —

Patients with GCA diagnosed with overlapping 12 NA —

PMR

Fulfilled Chuang criteria, % (yes/no) 67 (8/4) 74 (32/11) —

Fulfilled ACR criteria, % (yes/no) 72 (36/14) 20 (9/35) =

Fulfilled ACR/EULAR criteria, % (yes/no) 42 (5/7) 86 (38/6) —

Duration of symptoms (days), median (range) 47 (7-365) 97 (30-479) —

Follow-up duration in months, median 49 (0-63.9) 49 (0-62.1) —

Weight loss, % (yes/no) 62 (31/19) 50 (20/19) -

Physical measurements
BMI, median (range, N) 24.3 (19.5-33.9, 33) 26.6 (17.8-40, 35) 26.0 (18-42,93) 0.122
Systolic blood pressure (mm Hg), median 140.0 (84-185, 42) 140.0 (120-185, 39) 134.0 (93-185, 93) 0.070
(range, N)
Diastolic blood pressure (mm Hg), median  79.5 (54-95, 42) 80.0 (70-105, 39)*t 72.0 (55-108, 93) <0.0001
(range, N)

Laboratory measurements
CRP (mg/L), median (range, N) 54.0 (5-215, 49) 42.0 (3.2-186,39) NA
ESR (mm/hour), median (range, N) 94.0* (9-121, 49) 57.0 (7-109, 39) NA
HbA1c¢c (mmol/mol), median (range, N) 43.0 (35-69, 31) 40.0 (35-74, 29) 40.0 (33-64,90) 0.187
Glucose (mmol/L), median (range, N) 6.0 (5-10, 18)T 5.7 (4.9-9.6, 15t 5.3(2.8-14.7,93) 0.002
Triglycerides (mmol/L), median (range, N) 1(0.6-2.4,16) 0(0.7-2.1,10) 1(0.5-3.6,93) 0.999
Cholesterol (mmol/L), mean (+SD, N) 0(1.8-5.7, 23)t* 9 (3.8-6.7, 13) 4 (3.6-8.4,93) <0.0001
HDL (mmol/L), mean (+SD, N) 1(0.1-1.9, 20)T 5(0.7-2.1,12) 7 (0.9-2.6), 93  <0.001
LDL (mmol/L), median (range, N) 2 (0.8-4, 20)t 7 (1.8-4.5,12)t 5 (2-6.5, 93) <0.0001

Comorbidities and intoxication
Type 2 diabetes, % (yes/no/NA) 2 (6/44/0) 23 (10/34/0) 1 (10/83/0) 0.151
Hypercholesterolaemia, % (yes/no/NA) 2 (11/39/0) 14 (6/38/0) 18 (17/47/29) 0.274
Hypertension, % (yes/no/NA) 66 (33/17/0)T 55 (24/20/0)t 24 (22/44/27) 0.002
Cataract, % (yes/no/NA) 14 (7/43/0)t 16 (7/37/0)t 11 (10/0/83) <0.0001
Obesity, % (yes/no/NA) 12 (4/29/17) 26 (9/26/11) 22 (20/73/0) 0.356
Current smoker, % (yes/no/NA) 31 (15/33/2)* 11 (4/34/6) 18 (17/74/2) 0.051
Ex-smoker, % (yes/no/NA) 29 (14/34/2)t 37 (14/24/6)t 47 (44/1534) <0.0001
Alcohol usage, % (yes/no/NA) 40 (18/27/5)* 64 (23/13/8) NA 0.044

Group differences were reported with Kruskal-Wallis p value. The missing values were reported as NA.
*Significant difference between patients with GCA and PMR within the GPS cohort.

TDiffer significantly from the general population.

ACR, American College of Rheumatology; BMI, body mass index; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; EULAR,
European Alliance of Associations for Rheumatology; GCA, giant cell arteritis; GPS, GCA/PMR/SENEX; HbA1c, glycated haemoglobin; HDL,
high-density lipoprotein; LDL, low-density lipoprotein; N, total sample number that is included for analysis; NA, not available; PET, positron
emission tomography; PMR, polymyalgia rheumatica; TAB, temporal artery biopsy.

other lipid markers were not altered (table 1). Of note,
glucose levels were only recorded in a subset of patients.

To validate the findings described above by comparing
those with measurements in the Aarhus cohort, baseline

characteristics of patients with GCA and PMR from the
GPS cohort were compared with the Aarhus cohort as
comparison cohort in table 2. GPS cohort patients were
slightly older at diagnosis than patients with GCA and PMR
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Figure 1 The association of baseline concurrent hypercholesterolaemia in the GPS cohort (A) and cholesterol levels in both
cohorts (B) with inflammation markers: CRP and ESR. Eleven out of 50 patients with GCA (GPS) and 6 out of 44 patients with
PMR (GPS) were diagnosed with hypercholesterolaemia. CRP, C reactive protein; ESR, erythrocyte sedimentation rate; GCA,
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in the Aarhus cohort. Except HT, there were no signifi-
cant differences regarding the proportion of comor-
bidities of patients with GCA between GPS and Aarhus
cohort. The data on laboratory measurements, metabolic
features and comorbidities were in line with the findings
in the GPS cohort (table 2). Levels of markers of HbAlc
and lipid metabolism were comparable in patients with
GCA/PMR of both cohorts.

Comorbidities and metabolic features in relation to
inflammation markers

We next compared whether levels of acute-phase markers
were associated with comorbidities in patients with GCA
and PMR of the GPS cohort. CRP levels of patients with
GCA with HCT were lower than in patients with GCA
without HCT (figure 1A). As active inflammation may
have an impact on BMI, glucose and lipid metabolism, we
correlated metabolic features with inflammation markers.
Indeed, the CRP levels were negatively associated with total
cholesterol levels in patients with GCA in both cohorts
(figure 1B). We also observed negative correlations between
lipid markers and inflammatory markers in patients with
PMR of both cohorts (online supplemental figure 1A).
Other associations of metabolic comorbidities with acute-
phase markers can be found in online supplemental figure

1A. Additionally, we found that patients with GCA who
reported weight loss at baseline had significantly higher
CRP levels (online supplemental figure 1B). This may be
linked to a longerlasting inflammation, as a lower BMI
was significantly correlated with the symptom duration.
Surprisingly, patients with GCA and PMR reporting weight
loss did not have a lower BMI compared with patients who
did not report weightloss (online supplemental figure 1B).

Prediction of GC treatment based on patient characteristics
and comorbidities at diagnosis

Next, we analysed the effect of age, gender, comorbidities
and intoxication (smoking and alcohol usage) at baseline
on the time to achieve GC-ree remission, as longer dura-
tion of GC treatment indicates an unfavourable disease
course. In patients with PMR, age significantly prolonged
the GC duration. The presence of obesity, T2D, HCT, HT
and cataract, as well as smoking and alcohol usage, at the
time of GCA and PMR diagnosis, was not significantly
associated with either a longer or shorter time to GCAfree
remission (figure 2A,B).

GC treatment effect on developing comorbidities in patients
with GCA and PMR

Finally, we recorded changes in metabolic comorbidi-
ties during 5-year follow-up. The recorded proportion of
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Figure 2 The impact of age, comorbidities, smoking and alcohol usage at time of diagnosis on reaching GC-free remission
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patients with T2D was significantly increased in patients
with GCA at 3months (p<0.001) and lyear (p=0.022)
compared with baseline (figure 3). The proportion
of patients with obesity was significantly increased in
patients with GCA at 2, 4 and bSyears of follow-up. An
increase of cataract in patients with GCA at 3 and 4years
was observed as well. In patients with PMR, the incidence
of comorbidities did not significantly change over time
when compared with baseline.

DISCUSSION

In this study, we aimed to assess the differences between
metabolic features and comorbidities in treatment-
naive patients with GCA/PMR and general population,

and analyse the GC effect on patients with GCA/PMR.
To this end, we analysed the prevalence of comorbidi-
ties and levels of metabolic markers in two cohorts of
patients with GCA/PMR at diagnosis, and compared
these with data from age-matched participants in the
Lifelines population cohort. We show that generally,
markers associated with glucose metabolism appear
to be higher in patients with GCA than in the general
population, whereas the opposite was found for markers
associated with lipid metabolism. We also assessed the
impact of patient characteristics, comorbidities and
intoxication on the time to achieve GCAree remis-
sion, and found them unsuited to aid in stratification
for favourable and non-favourable disease outcomes.
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Finally, we documented the effect of GC treatment on
the development of comorbidities.

Our cross-sectional analysis at the time of diagnosis
showed a disturbed glucose metabolism in patients with
GCA. Previous studies had suggested that HbAlc levels
and the prevalence of diabetes are lower at the time of
GCA diagnosis.12 30 However, in our cohort, we showed
that glucose levels are elevated in patients with GCA at
baseline when compared with the general population,

whereas HbAlc levels are unchanged.'” The discrepancy
between our findings and other studies may be due to
differences in study design, for example, the recording
of metabolic features, size of the studies or due to differ-
ences in inclusion criteria of patient groups. In the study
by Mukhtyar et al® (n=112 cases, n=224 controls), the
median (IQR) HbAlc level of the patients with GCA
and controls was 40 (37-43) and 41 (39-47) mmol/mol,
respectively. In the GPS cohort, this was 43 (40-44) for

Esen |, et al. RMD Open 2023;9:e002640. doi:10.1136/rmdopen-2022-002640

9



patients with GCA and 40 (37-43) in the general popula-
tion. It therefore appears thatalthough the medians of the
studies are comparable, the distribution range of HbAlc
levels differs. In particular, the control population of the
study by Mukhtyar et alincluded a number of participants
with very high HbAlc levels. These controls were indi-
viduals suspected of having GCA, and both patients with
GCA and controls had likely been using GCs, which also
influence HbAlc levels. Therefore, the control group in
this study may not reflect the general population, which
probably explains the differences. Importantly, our study
is the first study on metabolic features and comorbidities
in treatment-naive patients, in two GCA/PMR cohorts. In
our study, the majority of patients had missing glucose
values due to a change in standardised order sets in 2016;
therefore, the results should be evaluated carefully.

The elevated glucose levels in patients with GCA may
reflect current inflammation. A disturbed glucose metab-
olism has been described in other inflammatory diseases
as well, such as rheumatoid arthritis (RA).*!' * The more
pronounced elevation of glucose levels compared with
HbAlc levels may reflect faster response of blood glucose
to inflammation, as HbAlc levels may show the long-
term effect of disturbed glucose metabolism. Addition-
ally, our group recently demonstrated that the cellular
glucose metabolism, that is, glycolytic activity, reflects
systemic inflammation in patients with GCA, which may
assist the diagnosis and monitoring of disease activity.””
This may support an important link between disturbed
glucose metabolism and inflammation in patients with
GCA. However, the lack of association between glucose
markers and inflammatory markers in patients with GCA
argues against this conclusion. One explanation could
be that the ongoing inflammatory response in patients
with GCA causes a disturbed glucose metabolism which is
independent of the extent of the inflammatory response
in individual patients.

In line with previous reports, we also observed lower
total cholesterol, LDL and HDL levels in patients with
GCA compared with the Lifelines population cohort.'*'*1?
A similar observation regarding low levels of cholesterol,
LDL and HDL levels was also reported in patients with
active psoriatic arthritis and RA.** In patients with PMR,
we reported fewer alterations in lipid and glucose metab-
olism markers, and indeed, so far, such negative associa-
tions were not reported for PMR. One current hypothesis
on altered lipid metabolism is that during the active
disease stage, activated mononuclear phagocytes may
scavenge the LDL particles and thereby lower the LDL
concentration in serum. This hypothesis is in congruence
with the lower CRP levels found in patients with GCA
(GPS) with HCT and the negative correlation of total
cholesterol levels with CRP and the negative correlation
between lipid and inflammation markers in patients with
PMR from both cohorts. Studies in RA support these
findings, where treatment with tocilizumab (interleu-
kin-6 receptor blockade) reversed LDL, cholesterol and
triglyceride levels while reducing the inflammation.**

In addition, the BMI of patients with GCA was lower
compared with the general population, which is likely
also due to inflammatory burden,’ and indeed a substan-
tial subset of patients did report recent weight loss. The
weight loss increases with time, as evidenced by the asso-
ciation of BMI with symptom duration. In our cohort,
patients with GCA who experienced weight loss had
higher CRP levels compared with patients who did not
report weight loss. Overall, these findings indicate that
a detailed analysis of glucose and lipid metabolism may
assist to define a pre-disease pattern for patients with
GCA but that data on inflammation should be consid-
ered when analysing these data.

Possibly, differences in lifestyle (eg, smoking, alcohol)
could increase the risk in individuals predisposed to age-
associated autoinflammatory diseases.”” ** As reported
previously,” smoking may increase the risk of devel-
oping GCA. Indeed, in our cohort, we observed a higher
percentage of current smokers in patients with GCA than
in patients with PMR. This is in line with previous studies
showing smoking as a risk factor for GCA development
which is may be a result of a direct effect of smoking on
endothelial cells.””*

In an effort to identify markers that predict the patient
disease course, we aimed to aid stratification of patients.
Scott et al previously reported that obesity is associated
with poorer outcomes in patients with PMR. * Here,
we did not observe any effect of metabolic comorbidi-
ties such as T2D or obesity at baseline on the patients’
disease course.”’ We did, however, observe that an older
age (>80years old) predicted longer GC treatment dura-
tion in patients with PMR, which is in line with a previ-
ously reported relation between age and risk of relapse
in patients with PMR.*

Even though this cohort study may lack the power
to detect smaller differences, we observed changes in
comorbidities and metabolic health after initiation of GC
therapy. Follow-up analysis revealed increased numbers
of recorded T2D cases in patients with GCA at 3months
and lyear after GC treatment compared with baseline.
The recorded T2D cases subsequently normalised after
lyear of treatment and did not increase further at later
time points during the follow-up. As this phenomenon
was observed in patients with GCA but not patients with
PMR, it may be that elevation of T2D cases was due to
the high GC dosage in patients with GCA during the
first months of treatment. Possible longer-term effects of
GC treatment also appeared in patients with GCA only.
The proportion of patients with cataract at 3 and 4years
increased, while obesity increased at 2, 4 and 5years in
patients with GCA. Thus, we observed less adverse events
associated with GCs in patients with PMR, despite the
fact that the treatment duration of both populations did
not differ, indicating that particularly the high-dose GCs
could be detrimental for the patients. Overall, these find-
ings highlight the unwanted GC effects in patients and
the need for novel GC-sparing therapeutic agents. Also,
informing patients about the risk of an increase in weight
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and development of cataract carries an importance. It
should be kept in mind that longitudinal modelling of
binary endpoints with missing values has its limitations.
We compared follow-up visits with baseline to demon-
strate that there is an increase in certain comorbidities
after starting GC treatment in patients with GCA. The
results observed in the GEE modelling were in line
with the raw data, for example, an increase in T2D at 3
months. However, the exact estimation of the effect size
and course over time is difficult and should be inter-
preted with caution.

Strengths of this study are the participation of two
well-established treatmentnaive GCA and PMR patient
cohorts as well as comparison of the Dutch GPS cohort
with population-based controls from the same geograph-
ical region. Moreover, patients in the GPS cohort were
prospectively followed for up to byears, allowing us to
perform a prognostic analysis. A limitation is the fact that
the number of patients during follow-up is relatively low,
which impacts the power of our analysis on the develop-
ment of new comorbidities. Prognostic analyses of disease
outcomes based on baseline parameters may suffer from
the same lack of power, possibly obscuring the existence
of these prognostic parameters. Furthermore, the rela-
tively small number of patients due to missing data did
not allow us to correct for multiple testing in our compar-
ative analyses, but the use of an external GCA/PMR
cohort strengthened our findings.

In this prospective study, we investigated metabolic
features and comorbidities associated with GCA and
PMR development and the effect of GC treatment.
Patients at baseline presented with disturbed glucose
levels and lipid metabolism compared with the general
population. Surprisingly, even though the lipid profile
in patients was considered healthier than the profile of
the general population, the glucose profile was consid-
ered unhealthier, the latter being in contrast with data
obtained from population-based cohort studies. These
alterations in metabolic features are likely linked to
the inflammation in these untreated patients. During
follow-up, patients developed GC-induced T2D, cataract
and HT emphasising the urgent need for GCsparing
targeted treatment.
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