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Therapeutic Advances in 
Musculoskeletal Disease

Higher body mass index is associated with 
a lower iloprost infusion rate tolerance and 
higher iloprost-related adverse events in 
patients with systemic sclerosis
Riccardo Bixio , Giovanni Adami , Eugenia Bertoldo, Alessandro Giollo ,  
Andrea Morciano, Davide Bertelle , Giovanni Orsolini, Luca Idolazzi , Maurizio Rossini   
and Ombretta Viapiana

Abstract
Background: Systemic sclerosis (SSc) is an autoimmune disease characterized by vasospasm 
and microvascular involvement. Iloprost (ILO), a prostaglandin analogous, is used for the 
treatment of SSc-related Raynaud’s phenomenon and digital ulcers. The suggested dose is 
0.5–2 ng/kg/min for 6–8 h, and the maximum dose is decided upon the patient’s tolerance.
Objectives: This study aims to analyze ILO infusion tolerance and possible predictive factors in 
patients with SSc.
Design: This is a retrospective observational study.
Method: We evaluated 113 patients with SSc beginning ILO intravenous (IV) infusion treatment 
between 2004 and 2021. We assessed the maximum tolerated ILO IV infusion rate, the 
incidence of adverse events (AEs), and the need for symptomatic therapy during the dose-
finding sessions. We collected relevant demographic and medical and employed generalized 
linear models to assess possible predictors of maximum tolerated ILO infusion rate and AEs 
and logistic regression to assess predictors of AEs.
Results: The median ILO infusion rate at the end of the dose-finding process was 0.88 ng/kg/
min [interquartile range (IQR) = 0.37]. We found a significant inverse correlation between ILO 
infusion rate and body mass index (BMI) at the beginning of treatment. BMI was negatively 
associated with ILO infusion rate (β = −0.21, p = 0.02) after correction for relevant confounding 
factors. Overweight patients (BMI >26) presented a 13-fold increased risk of developing AEs 
during ILO titration [adjusted odds ratio = 13.979, 95% confidence interval (CI) = 2.359–82.845]. 
AEs during ILO titration occurred in 47.8% of patients, of whom 22.2% presented hypotension. 
Other AEs were headache, nausea, vomiting, diarrhea, and edema. Symptomatic therapy was 
needed in half of the patients at least once.
Conclusion: This study showed that higher BMI was statistically associated with lower ILO 
infusion rate tolerance and higher AEs rate, underlying a possible BMI-dependent endothelial 
dysfunction. Individual ILO regimens still need to be tailored to the patient.

Plain Language Summary

Introduction: Systemic sclerosis is a rare a rheumatic disease characterized by skin 
thickening, vasospasm, and digital ulcers (DUs), as well as other organs involvement. 
Iloprost, which is administered as intravenous infusion, is one of the main treatments 
for this disease, and it is effective in reducing vasospasm and the frequency of DUs. 
Even if there is a suggested dose range, the exact dose must be tailored on each patient, 
because the tolerance to the drug is variable. Tolerance is limited by dose-dependent 
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Introduction
Systemic sclerosis (SSc) is an autoimmune disease 
characterized by autoantibodies expression and 
multiple organs involvement (skin, lung, gastroin-
testinal, myocardial, renal) arising from chronic 
reversible vasospasm and vascular remodeling, 
clinically expressed as Raynaud’s phenomenon 
(RP) and skin fibrosis.1,2 Many drugs have shown 
efficacy in SSc-related RP, as calcium channel 
blockers (CCBs), iloprost (ILO), endothelin inhib-
itors (bosentan, macitentan), and phosphodiester-
ase 5 inhibitors (PDE5i) (sildenafil, tadalafil).3

ILO is a stable analogous to prostacyclin PGI2, 
and, as such, it is active on platelets, fibroblasts, 
and endothelial cells leading to reduced aggrega-
tions, vasodilatation, and fibrotic remodeling.4 It 
is currently recommended by the EULAR guide-
lines for SSc DU and SSc-related RP.5 The delay 
in the beginning ILO therapy was found to be a 
significant risk factor for ischemic DUs.6 The 
manufacturer datasheet suggests a dose of 0.5–
2 ng/kilogram of body weight (kg)/min for intrave-
nous (IV) infusion. Clinical efficacy appears to not 
differ significantly using lower doses or higher 
doses, as shown by Kawald et al. in a small rand-
omized trial. In the high-dose group, however, 
only 12 of 25 patients reached the maximal dose 
(2.0 ng/kg/min); the others (52%) showed tran-
sient side effects requiring dose reduction to toler-
ated doses.7 Negrini et  al.8 recently summarized 

current clinical practice in various tertiary centers 
in Italy, reporting a monthly 6–8 h/day administra-
tion at a mean rate of 1.5 ng/kg/min.

In current clinical practice, ILO infusion rate is 
tailored to individual patient tolerance: titration is 
usually achieved by slowly increasing infusion 
rate up to the maximum tolerated dose,9 with the 
most common ILO side effects being nausea, 
hypotension, tachycardia, vomit, diarrhea, pain-
ful digital swelling, flushing, and headache.10,11 
This method, however, is imprecise and might 
lead to an excess of adverse events (AEs), albeit 
they are usually mild and quickly reversible. A 
better understanding of the factors that predict 
tolerance to ILO might help the tailoring of the 
ILO infusion rate, avoiding unnecessary AEs. 
This study aims to identify possible predictors of 
ILO tolerance in patients with SSc.

Methods
We retrospectively evaluated clinical records of 
patients with an established diagnosis of SSc 
according to ACR/EULAR classification crite-
ria,12 who started IV ILO therapy at our hospital 
facility between January 2004 and November 
2021 for SSc DU or SSc-related RP.

We evaluated the patients at the baseline of their 
ILO IV therapy: patients had to be naïve to such 

unwanted effects, as headache, low blood pressure, dizziness, and sickness. This study 
aimed to identify possible predictors of such tolerance. 

Materials and Methods: We collected data from our patients with systemic sclerosis 
beginning the treatment with iloprost between January 2004 and November 2021 at our 
hospital facility in Verona, Italy, and analyzed different factors that could be associated 
with a better tolerance, as age, sex, disease duration, smoking habit, body mass index 
(a measure of body fatness), blood pressure, concomitant medications, and different 
patterns of the disease.

Results: We found that a higher body mass index was associated with lower iloprost 
tolerance and higher adverse events rate in patients with systemic sclerosis, while we 
did not find a correlation with other factors. We believe overweight and obese patients 
(who have a higher body mass index) have a defect in the vasodilatation mechanism and 
can therefore be more susceptible to the effect of this medication.

Conclusions: While preliminary, our results could provide a good starting point to 
develop a predictive tool to limit adverse events during this therapy.

Keywords:  systemic sclerosis, iloprost, body mass index, prostanoids
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therapy, and patients with basal systolic blood 
pressure inferior to 90 mmHg, heart ischemic dis-
ease, and coagulation diseases were excluded 
from ILO IV therapy. We included only patients 
with complete data and without variations in the 
ILO infusion rate in the 12 months following the 
dose-finding process.

A homogeneous dose-finding process was followed 
at our clinic during this timeframe. The initial ILO 
IV rate was 0.5 ng/kg/min for the first hour, and 
then it was increased by 0.25 ng/kg/min every other 
hour. The ILO IV rate was increased until the 
development of AEs, up to 2 ng/kg/min. In case of 
AEs, the ILO IV rate was reduced halfway to the 
previous dose, and the patient was reassessed after 
1 h. Symptomatic therapy was administered as 
needed and noted in the patient’s clinical record. 
We defined the maximum tolerated ILO IV rate as 
the highest ILO IV rate tolerated in three consecu-
tive sessions, expressed as ng/kg/min. Each session 
lasted 6 h. Vasoactive drugs (such as CCB or 
endothelin inhibitors) were withdrawn on the ILO 
infusion days. Premedication was not routinely 
administered during the first three sessions.

We collected the relevant demographic, clinical, 
and therapeutic data from the patients’ electronic 
records. Skin involvement was assessed using the 
modified Rodnan’s skin score (mRSS).13 The 
body mass index (BMI, kg/m2) of patients was  
calculated without shoes and in light indoor 
clothes using a balance beam scale and a fixed sta-
diometer. The gastroesophageal involvement was 
assessed by esophageal manometry or esophageal 
transit study, or a diagnosis of small intestinal bac-
terial overgrowth (SIBO).14 The interstitial lung 
disease (ILD) involvement was assessed through 
computerized tomography (CT) chest scans15 and 
pulmonary arterial hypertension (PAH) by right 
heart catheterization.16 Hypotension was defined 
as systolic blood pressure below 90 mmHg or a 
reduction >20 mmHg of the initial systolic blood 
pressure.

The reporting of this study followed the 
‘Strengthening the Reporting of Observational 
Studies in Epidemiology’ (STROBE) guidelines 
for reporting observational studies.17 The STROBE 
checklist is available as Supplementary Material.

Statistical analysis
Statistical analysis was performed using IBM 
SPSS Statistics for Windows, Version 26 (IBM 

Corp., Armonk, NY, USA). Significance was 
given for p < 0.05, and all tests are two-tailed. We 
used the Kolmogorov–Smirnov test to assess the 
normal distribution of the data. Continuous para-
metric variables are reported as mean val-
ues ± standard deviation (SD) and nonparametric 
variables as medians and interquartile range 
(IQR). Categorical variables are reported as fre-
quency and proportions. We performed the 
Mann–Whitney U test to compare continuous 
nonparametric variables and Student’s t test to 
compare continuous parametric variables. We 
performed Pearson’s correlation coefficient to 
test associations between continuous variables 
and employed generalized linear models with 
robust estimators to identify determinants of 
maximum tolerated ILO dose (expressed as ng/
kg/min). Model 1 included gender, age, disease 
duration, mean arterial pressure, and smoking 
habit. Model 2 was further adjusted for disease 
pattern (diffuse versus limited cutaneous involve-
ment), calcinosis, and ulcers before the beginning 
of the ILO treatment, while model 3 (fully 
adjusted) took into account also concomitant 
therapy with CCB and PDE5i. We analyzed BMI 
both as a continuous variable in the generalized 
linear models and as a categorical variable, divid-
ing the population into tertiles and comparing the 
median ILO IV rate between them using a Mann–
Whitney U test. Binary logistic regression was 
employed to assess predictors of AEs. BMI was 
included in this analysis as a dichotomous varia-
ble, using the World Health Organization (WHO) 
definition for overweight (BMI > 25) as the cut-
off value.

Results
We screened 149 consecutive patients with SSc 
undergoing ILO IV therapy. A total of 113 
patients had complete clinical basal data and met 
the inclusion criteria. All the relevant demo-
graphic and clinical characteristics of the cohort 
are summarized in Table 1.

The median maximum ILO IV infusion rate of 
our patients was 0.88 ng/kg/min (IQR = 0.37). We 
found a significant inverse correlation between 
ILO infusion rate and BMI (r = −0.299; p = 0.001), 
while we did not find a significant correlation 
between ILO infusion rate and age (p = 0.360) or 
disease duration (p = 0.147) at the beginning of 
ILO therapy. Mean ILO IV rate did not differ sig-
nificantly between men and women (p = 0.870), 
smokers and not smokers (p = 0.562), limited or 
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diffuse disease (p = 0.782), anti-Scl70 antibodies 
and anti-centromere antibodies (p = 0.684), CCB 
treated and not treated (p = 0.165), endothelin 

inhibitors users and nonusers (p = 0.556), and 
history of DUs and no previous DUs (p = 0.899). 
In addition, patients with different organ involve-
ment show no difference in ILO infusion rate.

In the unadjusted analyses, we found an associa-
tion between BMI and ILO infusion rate 
(ρ = −0.29, p < 0.001). In the fully adjusted 
model, BMI was still negatively associated with 
ILO infusion rate (β = −0.29, p = 0.001). The fit-
ting of the fully adjusted model was good [devi-
ance/degree of freedom (df) = 0.765]. The results 
of the generalized linear models are presented in 
Table 2. When BMI was analyzed as a categorical 
variable, the difference in the mean ILO infusion 
rate was statistically significant between the 
higher (BMI = 25.1) and the lower (BMI = 22.4) 
tertiles (p = 0.004), as shown in Figure 1.

A total of 71 AEs occurred in 47 (47.8%) patients 
during ILO titration. AEs are summarized in 
Table 3. Symptomatic therapy was needed at least 
once during the examined period in half of the 
patients, the most common being metoclopra-
mide (27%) and acetaminophen (24%). Binary 
logistic regression analysis showed that over-
weight patients (BMI > 25, according to the 
WHO definition) had a 13-fold increased risk of 
developing AEs during ILO titration [adjusted 
odds ratio = 13.979, 95% confidence interval 
(CI) = 2.359–82.845, p < 0.001], while gender, 
age, disease duration, disease pattern, main organ 
involvement (heart, lung, gastrointestinal), mean 
blood pressure, and smoking did not result pre-
dictive of AEs (as shown in Table 4). Higher BMI 
was correlated with higher mean arterial blood 
pressure (p = 0.001; r = 0.345); however, mean 
arterial blood pressure was not significantly dif-
ferent in patients who developed AEs (other than 
hypotension) compared with patients without 
AEs (124.5 ± 15.1 mmHg versus 120 ± 12.3  
mmHg; p = 0.192).

Discussion
We conducted a retrospective observational study 
on the factors associated with the maximum tol-
erated ILO IV rate in a cohort of patients with 
SSc. Overall, we found that high BMI was an 
independent predictor of ILO tolerance, regarded 
both as ILO IV rate and AEs development. ILO 
infusion was well-tolerated in more than half of 
the patients, and the reported AEs were generally 
mild and promptly reversible, consistently with 

Table 1.  Clinical characteristics of patients with systemic sclerosis 
beginning iloprost infusion at our facility between 2004 and 2021.

Characteristics n = 113

Female, n (%) 94 (83.2)

BMI, mean ± SD 24.19 ± 3.94

Age (years), mean ± SD 49.28 ± 13.57

Current smoker, n (%) 34 (30.6)

Disease duration (years), mean ± SD 2.28 ± 2.8

Iloprost rate (ng/kg/min), median (IQR) 0.88 (0.37)

mRSS, mean ± SD 7.4 ± 4.2

Diffuse pattern, n (%) 42 (37.2)

Prior digital ulcers, n (%) 45 (40)

Autoantibodies

  Anti-Topo I antibodies, n (%) 28 (24.8)

  Anti-centromeric antibodies, n (%) 50 (44.2)

  Anti-RNA polymerase III antibodies, n (%) 6 (5.3)

  Anti-RNP antibodies, n (%) 5 (4.4)

  Anti-SSA antibodies, n (%) 8 (7.1)

  Other antibodies, n (%) 16 (14.1)

Major organ involvement

  Gastrointestinal manifestation, n (%) 56 (50)

  Interstitial lung disease, n (%) 37 (32.7)

  Pulmonary artery hypertension, n (%) 5 (4.4)

  Myocardial or pericardial involvement, n (%) 16 (14.1)

Ongoing therapies

  CCB combination therapy, n (%) 43 (38.1)

  Endothelin inhibitors combination therapy, n (%) 16 (14.2)

  Immunosuppressants, n (%) 47 (41.6)

BMI, body mass index; CCB, calcium channel blocker; ILO, iloprost; IQR, interquartile 
range; mRSS, modified Rodnan’s skin score; RNP, ribonucleoprotein; SD, standard 
deviation; SSA, Sjogren’s syndrome–related A; Topo I, topoisomerase I.
Immunosuppressive therapy includes methotrexate, leflunomide, mycophenolate 
mofetil, rituximab, and tocilizumab.
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previous findings by Negrini et al.8 and Barsotti 
et al.18 both as reported frequency and character-
istics. The median ILO infusion rate in this study 
population was slightly lower than the mean ILO 
infusion rate found by Negrini et  al.,8 but the 
same suggested range (0.5–2 ng/kg/min). The 
authors, however, reported that 34% of the 
patients showed an increased ILO tolerance over 
years. In addition, a significant proportion (5/8) 
of the involved centers adopted a fixed premedi-
cation before ILO infusion and the concomitant 
CCB treatment suspension strategy varied 
between centers; therefore, these findings are not 
directly comparable.

A higher BMI correlated with lower ILO infusion 
rates and overweight patients showed a higher 
incidence of AEs compared with patients with 
normal body weight, including hypotension. In 
addition, mean basal arterial pressure was not 
associated with AEs, and higher blood pressure at 
the beginning of the ILO infusion was not protec-
tive against AEs. The pathogenesis of AEs follow-
ing therapy with ILO is not entirely comprehended, 
but the main driver is probably the abnormal 
response to exogenous vasodilatation, even if 
other mechanisms, such as liquid leakage at digi-
tal and the brain blood circulation level, could 
also play a role.4,10 Our findings are supported by 
a plausible biologic rationale. In patients with 
SSc, loss of intracellular junction and hypoxia–
reperfusion injury lead to endothelial dysfunc-
tion, which is characterized by vascular leaking 

and altered response to vasodilatation molecules 
and linked to increased DU risk.19–21 In addition, 
also obese patients without rheumatic diseases 
displayed endothelial dysfunction.22 Endothelial 
dysfunction in obese patients is driven by lower 
basal nitric oxide availability and overexpression 
of prostaglandin receptor E2, which is one of the 
molecular targets of the ILO.23,24 Some studies 
explored a possible pathogenetic role of different 
adipokines, which were correlated with endothe-
lial inflammation and profibrotic unbalance in 
patients with SSc.25 For these reasons, overweight 
and obese SSc patients might have an ever more 

Table 2.  Association between BMI and iloprost tolerance in patients with 
systemic sclerosis.

Model BMI, −β (95% CI) p value

Unadjusted −0.024 (−0.040 to −0.007) <0.001

Model 1 −0.026 (−0.043 to −0.009) 0.003

Model 2 −0.025 (−0.042 to −0.007) 0.006

Model 3 (fully adjusted) −0.021 (−0.039 to −0.003) 0.020

Model 1 adjusted for gender, age, disease duration, and smoking habit. Model 
2 adjusted for gender, age, disease duration, smoking habit, disease pattern 
(diffuse versus limited cutaneous involvement), calcinosis, and ulcers before the 
beginning of the iloprost treatment. Model 3 (main model) adjusted for gender, age, 
disease duration, smoking habit, disease pattern (diffuse versus limited cutaneous 
involvement), calcinosis, ulcers before the beginning of the iloprost treatment, and 
concomitant therapy with CCB and PDE5i.
BMI, body mass index; CCB, calcium channel blocker; PDE5i, phosphodiesterase 5 
inhibitors.

Figure 1.  Maximum tolerated iloprost infusion rate in patients with systemic sclerosis stratified by body mass 
index tertiles.
BMI, body mass index.
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deficient counter-regulatory endothelial mecha-
nism linked to both vascular constriction and dil-
atation alterations. Supporting our hypothesis 
there is evidence that, in patients with primary 
Raynaud’s phenomenon, a higher BMI correlates 
with a greater decline in skin temperature.26 In 

summary, the increased expression of prostaglan-
din receptor E2 together with endothelial dys-
functions might well explain our findings.

Lower BMI, malnutrition, and changes in body 
composition are common features in SSc and are 
associated with disease duration, gastrointestinal 
involvement, and ILD.27–29 Coherently with the 
short disease duration (<3 years) of the study 
cohort, BMI was mostly in the normality range; 
therefore, we can consider our patients a good 
proxy for ILO-naïve patients in the clinical prac-
tice. Our findings suggest that body composition 
and adipose tissue could play a role also in the 
pathogenesis and in the response to the treatment 
of SSc and that different bodyweight at the begin-
ning of the disease could reflect different clinical 
phenotypes in patients with SSc. We believe this 
study could provide a good starting point in 
developing a predictive tool to limit AEs inci-
dence during the dose-finding process for ILO 
therapy in patients with SSc. Clinicians should 
also be aware that higher basal blood pressure is 
not protective against ILO-related adverse effects.

This study has strengths and limitations. The key 
strength of this study is the large population with 
access to complete medical history and medica-
tions. The main limitation is its retrospective 
nature. In addition, other nonmeasured con-
founders, such as lean mass and comorbidities, 
might contribute to ILO tolerance, possibly 
affecting our results.

Conclusion
This study showed that a gradual titration of ILO 
IV therapy was well-tolerated in >50% of the 
patients with SSc. We found that a higher BMI 
was statistically associated with poor tolerance of 
ILO infusion rate and higher incidence of AEs, 
possibly due to endothelial dysfunction related to 
body composition, as already described in obese 
and overweight patients without rheumatic dis-
eases. Further studies involving patients undergo-
ing ILO treatment for different diseases could help 
understand whether the correlation between ILO 
tolerance and BMI is disease-specific or an expres-
sion of impaired vascular adaptation to exogenous 
dilatation. Overall, our findings could provide a 
novel insight into the mechanism of action of this 
drug and promote further research into the body 
composition role in SSc pathogenesis and stratifi-
cation of treatment. Individual ILO regimens still 
need to be tailored to each patient, however.

Table 4.  Predictors of adverse reactions during 
iloprost dose-finding process.

Variable p value OR (95% CI)

BMI (>25) <0.001 13.979 95%  
(2.359–82.845)

Male sex 0.587  

Age 0.769  

Disease duration 0.217  

Disease pattern 
(diffuse versus 
limited)

0.170  

Main organ 
involvement (versus 
none)

0.668  

Mean blood 
pressure

0.129  

Smoking 0.427  

BMI, body mass index; CI, confidence interval; OR, odd 
ratio.

Table 3.  Adverse reactions during iloprost infusion 
dose-finding process.

Adverse reactions, n = 71 in 47 patients

Headache, n (%) 22 (46.8)

Nausea, n (%) 19 (40.4)

Hypotension, n (%) 12 (25.6)

Vomit, n (%)   3 (6.3)

Diarrhea, n (%)   3 (6.3)

Leg swelling/oedema, n (%)   3 (6.3)

Palpitations, n (%)   2 (4.4)

Syncope, n (%)   2 (4.3)

General malaise, n (%)   2 (4.3)

Epistaxis, n (%)   1 (2.1)

Muscle pain, n (%)   1 (2.1)

Hearing loss, n (%)   1 (2.1)
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