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Immunosuppressive drugs for nontransplant comorbidities are not

associated with abdominal aortic aneurysm growth

Shivshankar Thanigaimani, PhD,a,b James Phie, PhD,a,b Frank Quigley, MD,c Michael Bourke, MD,a,d

Bernie Bourke, MD,a,d Ramesh Velu, MD,e Jason Jenkins, MD,f and Jonathan Golledge, MA, FRCS, FRACS,a,b,e

Townsville and Brisbane, QLD, and Gosford, NSW, Australia
ABSTRACT
Background: In the present study, we examined the association of immunosuppressant drug prescriptions with the
growth of small abdominal aortic aneurysms (AAAs).

Methods: Participants with an AAA measuring between 30 and 50 mm were recruited from four Australian centers. AAA
growth was monitored by ultrasound. The immunosuppressant drugs included conventional disease-modifying anti-
rheumatic drugs (eg, methotrexate, sulfasalazine, leflunomide), steroids, hydroxychloroquine, other immunosuppressant
drugs (eg, cyclosporine, azacitidine), or a combination of these drugs. Linear mixed effects modeling was performed to
examine the independent association of an immunosuppressant prescription with AAA growth. A subanalysis examined
the association of steroids with AAA growth.

Results: Of the 621 patients, 34 (5.3%) had been prescribed at least one (n ¼ 26) or more (n ¼ 8) immunosuppressant drug
and had been followed up for a median period of 2.1 years (interquartile range, 1.1-3.5 years), with a median of three
ultrasound scans (interquartile range, two to five ultrasound scans). No significant difference was found in AAA growth
when stratified by a prescription of immunosuppressant drugs on either unadjusted (mean difference, 0.2 mm/y; 95%
confidence interval [CI], �0.4 to 0.7; P ¼ .589) or risk factor-adjusted (mean difference, 0.2 mm/y; 95% CI, �0.3 to 0.7; P ¼
.369) analyses. The findings were similar for the unadjusted (mean difference, 0.0 mm/y; 95% CI, �0.7 to 0.7; P ¼ .980) and
risk factor-adjusted (mean difference, 0.1 mm/y; 95% CI, �0.6 to 0.7; P ¼ .886) subanalyses focused on steroid use.

Conclusions: The results from this study suggest that AAA growth is not affected by immunosuppressant drug pre-
scription. Studies with larger sample sizes are needed before reliable conclusions can be drawn. (JVSeVascular Science
2022;3:306-13.)

Clinical relevance: At present, it is unclear whether immunosuppression promotes or inhibits abdominal aortic aneu-
rysm (AAA) progression. This has important implications for the management of AAA. With the increasing range of in-
dications for which immunosuppressant medications are being prescribed, it is likely that more patients with AAAs will
be prescribed these drugs for the treatment of comorbid diseases, such as rheumatoid arthritis, other autoimmune
diseases, after organ transplantation, or coronary heart disease. The results from the present study suggest that patients
prescribed a range of different immunosuppressant drugs for treating a variety of different inflammatory diseases did not
experience a significantly different AAA growth compared with patients not receiving these medications. Our findings
suggest that no strong case exists to either start or stop immunosuppressant drugs for AAA patients
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ARTICLE HIGHLIGHTS
d Type of Research: A multicenter, prospective cohort
study

d Key Findings: In the present study of 621 participants
with small abdominal aortic aneurysms, no associa-
tion of immunosuppressant drug prescription with
aneurysm growth was found.

d Take Home Message: We found no strong case to
either start or stop immunosuppressant drugs for pa-
tients with abdominal aortic aneurysms.
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drugs for other cardiovascular diseases has been
growing.1 At present, no drug therapy for abdominal
aortic aneurysms (AAAs) is available.2 Inflammation has
been strongly implicated in AAA pathogenesis, with hu-
man AAA biopsies demonstrating dense infiltration
from a range of innate and adaptive immune cells and
cytokines.3 The results from animal studies have sug-
gested that inhibiting elements of both the innate and
the adaptive immune system will inhibit aortic expan-
sion.4,5 In contrast to these findings, however, two small
human observational studies have reported that patients
receiving immunosuppression had experienced
increased AAA progression.6,7 In one of these studies, a
patient with a small AAA who had started immunosup-
pression therapy was reported to have experienced rapid
AAA growth and rupture, suggesting important safety
concerns with this treatment.6

Whether immunosuppression promotes or inhibits
AAA progression has important implications for the
management of AAAs. With the increasing range of indi-
cations for which immunosuppressant medications are
being prescribed, it is likely that more patients with
AAAs will be prescribed these drugs for the treatment
of comorbid diseases, such as rheumatoid arthritis, other
autoimmune diseases, after organ transplantation, or
coronary heart disease. In the present study, we exam-
ined the association of the prescription of immunosup-
pressant drugs with the growth of small AAAs.
METHODS
Study design and participants. Data from an ongoing

prospective cohort study designed to identify risk factors
for the outcome of vascular disease were used to retro-
spectively examine the association of the prescription
of immunosuppressant drugs with AAA growth. For in-
clusion in the present study, the patients were required
to have a diagnosis of a small AAA (maximum AAA diam-
eter at recruitment, 30-50 mm) and have been followed
up with a minimum of two ultrasound scans performed
6 months apart. The imaging data collected during
routine AAA surveillance between 2003 and 2018 from
four outpatient vascular services in Australia (Townsville
University Hospital, Mater Hospital Townsville, Gosford
Vascular Services, and Royal Brisbane and Women’s Hos-
pital) were used in the present study. The institutional
ethics committee at each institution approved the pre-
sent study (approval no. HREC/14/QTHS/203). All included
patients provided written informed consent, and the
study was performed in accordance with the principles
of the Declaration of Helsinki. The collected data were
stored in a centralized database accessible only to the
approved personnel.

Prescription of immunosuppressive agents. The
immunosuppressant agents administered either orally
or parentally were recorded at recruitment.
Immunosuppressant therapy was defined as the pre-
scription of conventional disease-modifying antirheu-
matic drugs (eg, methotrexate, sulfasalazine,
leflunomide), steroids, hydroxychloroquine, other
immunosuppressant drugs (eg, cyclosporine and azaci-
tidine), or a combination of these drugs.8

Risk factors and medications. The patients eligible for
inclusion underwent a clinical interview and physical ex-
amination, during which the risk factors and medication
history were collected. The risk factors collected at
recruitment included age, sex, history of hypertension,
stroke, diabetes, ischemic heart disease (IHD), and
smoking. Hypertension, diabetes, and stroke were
defined as either a prior diagnosis or receipt of
treatment.9e11 IHD was defined as a history of myocar-
dial infarction, angina, or treatment of IHD.9e11 Smoking
was defined as a former smoker (no smoking within the
previous month), current smoker (smoking in the previ-
ous month) or never smoker (never smoked regularly).9e11

The medication history collected at recruitment
included prescriptions of aspirin, metformin, and statins.

AAA imaging. Experienced sonographers who were
unaware of the medication history of the participants
measured the maximum infrarenal aortic diameters in
the anteroposterior and transverse orthogonal planes,
as previously described.12e14 The aortic diameter was
measured from the outer to outer walls of the infrarenal
aorta. The reproducibility of the aortic diameter mea-
surements was assessed at each vascular laboratory, with
an interobserver reproducibility coefficient <4 mm, as
previously reported.12e15

Statistical analysis. Continuous data were tested for a
normal distribution using the Shapiro-Wilk test and are
reported as the mean 6 standard deviation or median
and interquartile range (IQR), depending on the distri-
bution. Differences in the normally distributed data be-
tween groups were tested using the t test. Non-normally
distributed data were examined using the Mann-
Whitney U test or Wilcoxon test. Categorical data are
reported as percentages. Differences in the nominal
variables were tested using the c2 test.



Table I. Risk factors for included participants

Variables at baseline

Participants prescribed immunosuppressant
therapy

P valueYes (n ¼ 34) No (n ¼ 587)

Age, years 73.6 (69.3-80.9) 74.7 (69.6-79.8) .894

Initial AAA diameter 40.0 (36.5-43.1) 39.0 (35.0-43.0) .669

Male sex 31 (91.2) 479 (81.6) .235

Smoking history .464

Never smoker 3 (8.8) 63 (10.7)

Ex-smoker 25 (73.5) 371 (63.2)

Current smoker 6 (17.7) 153 (26.1)

Comorbidity

Hypertension 21 (61.8) 441 (75.1) .082

Diabetes mellitus 10 (29.4) 133 (22.7) .484

History of stroke 5 (14.7) 59 (10.0) .571

Ischemic heart disease 13 (38.2) 285 (48.6) .320

Preoperative medication

Aspirin 15 (44.1) 371 (63.2) .040

Statins 21 (61.8) 401 (67.2) .544

Metformin 5 (14.7) 72 (12.3) .879

AAA, Abdominal aortic aneurysm.
Data presented as median (interquartile range) for continuous variables, which were compared using the Mann-Whitney U test, or number (%) for
nominal variables, which were compared using the c2 test.

Table II. Association of immunosuppressant drug prescription with abdominal aortic aneurysm (AAA) growth assessed by
linear mixed effects models: summary of fixed effects

Covariate Estimate 95% CI P value

Immunosuppressant drug prescription 0.2 �2.0 to 2.3 .890

Follow-up 1.4 1.3 to 1.5 <.001

Immunosuppressant drug prescription � follow-up 0.2 �0.4 to 0.7 .589

CI, Confidence interval.
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The association between a prescription of immunosup-
pressant drugs and AAA growth was analyzed using
linear mixed effects (LME) modeling. A subanalysis was
performed to examine the association between a steroid
prescription and AAA growth. A maximum of 6 years of
follow-up data were included from each participant,
and the LME models were adjusted for recognized risk
factors and those covariates that were unequally distrib-
uted between groups at entry based on P values < .10.
Further details about the analysis methods are provided
in the Supplementary Methods.

RESULTS
Participants. Of the 621 participants, 34 (5.3%) had

been prescribed at least one (n ¼ 26) or more (n ¼ 8)
immunosuppressant drugs (Table I). The immunosup-
pressant drugs included steroids (prednisolone; n ¼ 22),
conventional disease-modifying antirheumatic drugs
(methotrexate, n ¼ 7; sulfasalazine, n ¼ 1; hydroxy-
chloroquine, n ¼ 1; leflunomide, n ¼ 2), and other
immunosuppressant drugs (colchicine, n ¼ 7; cyclo-
sporine, n ¼ 1; azacitidine, n ¼ 1). These drugs had been
prescribed for the treatment of a variety of comorbid-
ities, including rheumatoid arthritis (n ¼ 15), chronic
obstructive airway disease (n ¼ 7), gout (n ¼ 7), poly-
myalgia rheumatica (n ¼ 3), Sjögren syndrome (n ¼ 1),
and myeloid leukemia (n ¼ 1).
Most risk factors, including age, sex, smoking, initial AAA

diameter, hypertension, stroke, diabetes, IHD, and pre-
scriptions of statins andmetformin, were not significantly
different statistically when stratified by a prescription of
immunosuppressant drugs. The prescription of aspirin
(P ¼ .040) was significantly less common for those pre-
scribed immunosuppressant drugs than for those not
receiving these medications (Table I).

Association between immunosuppressant drug pre-
scription and AAA growth. The patients had been fol-
lowed up for a median of 2.1 years (IQR, 1.1-3.5 years)
with a median of three ultrasound scans (IQR, two to



Fig. Graph showing abdominal aortic aneurysm (AAA) growth stratified by prescription of immunosuppression
drugs during 6 years of follow-up.

Table III. Linear regression model assessing the association of immunosuppressant drug prescription with abdominal
aortic aneurysm (AAA) growth after adjustment for other risk factorsa

Predictor Estimate 95% CI P value

Immunosuppressant drug prescription �0.3 �1.3 to 0.7 .561

Follow-up 1.4 1.3 to 1.5 <.001

Initial AAA size 1.0 1.0 to 1.1 <.001

HTN �0.2 �0.7 to 0.2 .289

Current smoking �0.2 �0.7 to 0.2 .273

Aspirin 0.1 �0.3 to 0.5 .569

Immunosuppressant prescription � follow-up 0.2 �0.3 to 0.7 .369

CI, Confidence interval; HTN, hypertension.
Boldface P values represent statistical significance.
aRandom effects: residual variance, 10.82; number of included patients, 621; marginal correlation coefficient, 0.74; conditional correlation coefficient,
0.74.
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five ultrasound scans). On unadjusted analysis, no signif-
icant differences were found in the annual AAA growth
rate (mean difference, 0.2 mm/y; 95% confidence inter-
val [CI], �0.4 to 0.7; P ¼ .589) for those prescribed immu-
nosuppressant drugs compared with those not
receiving these medications (Table II; Fig). The findings
were similar in an analysis adjusted for initial AAA size,
current smoking, hypertension, and aspirin (mean dif-
ference, 0.2 mm/y; 95% CI, �0.3 to 0.7; P ¼ .369; Table III).
The quantileequantile plot suggested the fitness of the
model, because no outliers were noted in plotting the
standardized residuals (Supplementary Fig). The pre-
dicted AAA diameter at the end of follow-up was
41.4 mm (95% CI, 38.4-43.7) for those prescribed one or
more immunosuppressant drugs compared with
41.1 mm (95% CI, 39.0-43.3) for those not prescribed
these medications. The most common immunosup-
pressant medication prescribed was steroids. A sub-
analysis excluding participants prescribed other
immunosuppressant drugs found that AAA growth for
those prescribed steroids was not significantly different
from that for those not prescribed an immunosup-
pressant in both unadjusted (mean difference, 0.0 mm/
y; 95% CI, �0.7 to 0.7; P ¼ .980) and adjusted (mean
difference, 0.1 mm/y; 95% CI, �0.6 to 0.7; P ¼ .886)
models (Table IV).



Table IV. Subanalysis assessing the association of steroid drug prescription with abdominal aortic aneurysm (AAA) growtha

Model Estimate 95% CI P value

Unadjusted

Covariate

Steroid prescription �0.3 �2.9 to 2.4 .843

Follow-up 1.4 1.3 to 1.5 <.001

Steroid prescription � follow-up 0.0 �0.7 to 0.7 .980

Adjusted

Predictor

Steroid prescription �0.1 �1.4 to 1.2 .875

Follow-up 1.4 1.3 to 1.5 <.001

Initial AAA size 1.0 1.0 to 1.1 <.001

HTN �0.3 �0.7 to 0.2 .243

Current smoking �0.2 �0.64 to 0.2 .305

Aspirin 0.2 �0.2 to 0.6 .407

Steroid prescription � follow-up 0.1 �0.6 to 0.7 .886

CI, Confidence interval; HTN, hypertension.
Boldface P values represent statistical significance.
aRandom effects: residual variance, 10.79; number of included patients, 609; marginal correlation coefficient, 0.74; conditional correlation coefficient,
0.74.
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DISCUSSION
The results from the present study suggest that patients

prescribed a range of different immunosuppressant
drugs for treating a variety of different inflammatory dis-
eases do not experience significantly different AAA
growth compared with patients not receiving these
medications. These findings were consistent in the unad-
justed and risk factor-adjusted analyses and a subanaly-
sis of only those who had been prescribed steroids.
The findings from the present study are in contrast to a

number of previous observational studies and case re-
ports. A previous case study reported that a small AAA
had rapidly expanded and ruptured after the patient
had begun immunosuppression therapy required after
a kidney transplant.6 The patient had undergone emer-
gency AAA repair, and the samples obtained from the
aorta suggested minimal aortic inflammation. Another
patient, who had undergone simultaneous liver and kid-
ney transplantation and was prescribed an immunosup-
pression regimen, was reported to have had AAA growth
of >10 mm within 1 month and, therefore, underwent
endovascular repair.16 In addition, a study of 18 patients
with AAAs who had undergone a variety of organ trans-
plantations, reported that 7 (23%) had experienced AAA
rupture at a mean diameter of 6 cm.17 The mean AAA
growth was reported to have increased from 4.6 mm/y
before transplantation to 10.0 mm/y after transplantation
(P ¼ .08).17 Furthermore, a previous retrospective observa-
tional study of 176 Japanese patients reported that the
prescription of oral corticosteroids was independently
associated with a greater likelihood of rapid AAA growth
(odds ratio, 4.12; 95% CI, 1.15-17.0; P ¼ .029).7 Most of these
case series had included patients who had undergone
organ transplantation, which might be a unique situa-
tion owing to the abdominal surgery needed and the
potency of the immunosuppression required. The Japa-
nese study had a number of limitations, including a small
sample size (only 15 patients had received corticoste-
roids), sampling bias (only patients who had undergone
AAA repair were included), one immunosuppressant
drug type was investigated, and limited follow-up data
(only two scans were included from each participant).7

The present study included more than four times as
many participants, including more than twice as many
who had been prescribed immunosuppressant drugs.
Another possible reason for the different findings from
these two studies is the racial variation in the different
populations studied. Also, the participants had received
a variety of different immunosuppressant drugs in the
present study, but the previous study had included only
those who had been prescribed steroids. It is unlikely,
however, that this difference could explain the contrast-
ing findings because our subanalysis showed no associa-
tion of steroids with AAA growth. The prior study also had
a number of other differences compared with the pre-
sent study, including using axial measurements from
computed tomography images rather than orthogonal
diameters from ultrasound to monitor AAA growth, us-
ing only two images to assess growth, and limiting the
analyses to bivariate analyses comparing slow and rapid
growth, rather than examining the full range of AAA
growth using continuous LME analyses. Also, the present
study was a larger andmore detailed analysis of the asso-
ciation of immunosuppressant drugs with AAA growth.
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Our results suggest immunosuppressant drugs do not
affect AAA growth. However, given the small number of
patients prescribed immunosuppressant drugs, a mod-
erate or small effect could not be ruled out. Patients
who have undergone organ transplantation were not
included in the current study. Based on the previous
studies outlined above, these patients may require care-
ful monitoring of any AAA.
The present study had a number of strengths and

weaknesses. A major limitation was the small number
of participants who had been prescribed immunosup-
pressant drugs, although, to the best of our knowledge,
this is the largest study to examine the association of
immunosuppressant therapy and AAA growth. Because
this was a retrospective study, no sample size calculation
was performed. In addition, the indications for immuno-
suppressant drug prescription varied among the
included patients, which could have confounded the
findings. Furthermore, the treatment period, drug adher-
ence, and drug dosage were not collected. Therefore, it
was impossible to completely exclude the presence of
a residual bias. The observational design of our study
also meant that any casual inferences must be inter-
preted very cautiously. It might not be ethically feasible
to perform a randomized controlled trial of the use of
immunosuppressant drugs for patients with small AAAs
owing to safety concerns, such as an increased risk of
infection. Thus, observational studies remain important
for investigating the pathogenesis of AAAs. Larger obser-
vational studies of the association of distinct immuno-
suppressant drugs with AAA growth are ideally needed
tomore fully examine the effect of the immune response
on AAA progression. Ideally, such studies would also
consider the dose of medications administered. Given
the relatively small population of patients with AAAs
requiring long-term immunosuppression, these studies
would be challenging to design.

CONCLUSIONS
The findings from this study suggest that patients pre-

scribed immunosuppressant medications to treat co-
morbid conditions do not experience significantly
different AAA growth compared with patients not
receiving these medications. Therefore, at present, no
strong case exists to stop or start immunosuppressant
drugs for patients with a small AAA. However, studies
with a larger sample size are warranted before reliable
conclusions can be drawn.
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SUPPLEMENTARY METHODS: LINEAR MIXED
EFFECTS DATA ANALYSIS.

An unadjusted model of random intercept with slope
was developed with individual patients as the random
effects. The adjusted model included variables that were
unequally distributed between groups based on
P values < .10. Both the individual patients and the
follow-up period were used as random effects in the final
multivariate adjusted model. In both unadjusted and
adjusted linear mixed effects models, an interaction of
follow-up period and patient group was used as the test
statistic. Because the initial abdominal aortic aneurysm
(AAA) diameter varied between patients, the presence of
any potential two-way or three-way interaction of the
included covariates with follow-up and the initial AAA
diameter was assessed. The initial AAA diameter was
assessed as tertiles for the covariate interaction assess-
ment to agree with the model linearity assumption.

The standardized residual distribution was plotted
using normal quantileequantile plots to identify the
presence of any influential outliers and, thereby,
confirm model fitness. Once the model fitness had
been confirmed, the AAA diameter was predicted us-
ing the predict function by developing a new dataset
containing all combinations of the included covariates
within the model. This was followed by the develop-
ment of a matrix using the “model.matrix” function to
extract the diagonals. The diagonals were then used
to derive the mean AAA diameter (95% confidence in-
tervals) at the mean follow-up period.



Supplementary Fig. Quantileequantile (Q-Q) plot
showing sample and theoretical quantiles.

Supplementary Table I. Association of steroid drug
prescription with abdominal aortic aneurysm (AAA)
growth assessed by linear mixed effects models: summary
of fixed effects

Covariate Estimate 95% CI P value

Steroid drug prescription �0.3 �2.9 to 2.4 .843

Follow-up 1.4 1.3 to 1.5 <.001

Steroid drug
prescription � follow-up

0.0 �0.7 to 0.7 .980

CI, Confidence interval.
Bolded P values represent statistical significant findings.

Supplementary Table II. Linear regression model assess-
ing association of steroid drug prescription with abdom-
inal aortic aneurysm (AAA) growth after adjustment for
other risk factorsa

Predictor Estimate 95% CI P value

Steroid drug prescription �0.1 �1.4 to 1.2 .875

Follow-up 1.4 1.3 to 1.5 <.001

Initial AAA size 1.0 1.0 to 1.1 <.001

HTN �0.3 �0.7 to 0.2 .243

Current smoking �0.2 �0.6 to 0.2 .305

Aspirin 0.2 �0.2 to 0.6 .407

Steroid drug
prescription � follow-up

0.1 �0.6 to 0.7 .886

CI, Confidence interval; HTN, hypertension.
Boldface P values represent statistical significance.
aRandom effects: residual variance, 10.79; number of included patients,
609; marginal correlation coefficient, 0.74; conditional correlation co-
efficient, 0.74.
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