
354

Effect of statins on development of post-thrombotic syndrome: 
cohort study
Efecto de las estatinas en el desarrollo de síndrome postrombótico: estudio de cohorte
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María L. Posadas-Martínez, and Diego H. Giunta
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Abstract
Objective: The objective of the study was to evaluate the association between statin consumption and development of 
posthrombotic syndrome (PTS). Methods: Retrospective cohort study which included patients with a first episode of deep 
vein thrombosis (DVT) between 06/2006 and 12/2017 included in the Institutional Registry of Thromboembolic Disease of the 
Italian Hospital of Buenos Aires, Argentina. Exposure to statin use (SU) was considered between the 30 days before and up 
to 180 days after the diagnosis of DVT. PTS was defined as recorded dataset on registry. The development of PTS was 
evaluated with Cox proportional hazards model, raw, and adjusted hazard ratios (HR) were reported. Confusion was consi-
dered by indication of SU and a propensity score (PS) was used for adjustment. We reported HR with their 95% confidence 
interval (CI); p < 0.05 was considered statistically significant. Results: Of 1,393 patients, 905 were included for the analysis, 
of which 273 were SU and 632 non-SU (NSU). At follow-up, incidence of PTS was: 6.59% (18) in the SU group and 8.07% 
(51) in the NSU group, with p = 0.412. Crude HR for PTS for SU was not significant (0.78; 95% CI: 0.43-1.41; p = 0.414). 
Adjusted HR of SU by age, sex, non-steroidal anti-inflammatory drugs, corticosteroids, immobility, anticoagulant, high blood 
pressure, diabetes, dyslipidemia, chronic renal failure, coronary heart disease, stroke, heart failure, and cancer disease was 
0.45 (95% CI: 0.13-1.5; p = 0.196) for PTS. While HR for the development of PTS adjusted by age, sex, non-steroidal an-
ti-inflammatory drugs, corticosteroids, immobility, anticoagulant treatment, cancer disease and PS of the SU was 0.52 (95% 
CI: 0.17-1.66; p = 0.272). Conclusion: No statistically significant association was found between CE and the development 
of SPT, although there were a small number of events detected in both groups.
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Resumen
Objetivo: Explorar la asociación entre consumo de estatinas (CE) y desarrollo de síndrome postrombótico (SPT). 
Método: Cohorte retrospectiva con pacientes con primer episodio de trombosis venosa profunda (TVP) entre el 06/2006 y 
el 12/2017, incluidos en el Registro Institucional de Enfermedad TromboEmbólica (RIET) del Hospital Italiano de Buenos 
Aires. Se consideró exposición al CE entre los 30 días previos y hasta 180 días posterior al diagnóstico de TVP. Se definió 
SPT según constaba este dato en la base de seguimiento del RIET. Se evaluó el desarrollo de SPT con un modelo de 
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Introduction

Deep vein thrombosis (DVT) is a disease that has an 
annual incidence of one case per 1000 popula-
tion-year1,2. Its evolution can predispose to different 
complications such as pulmonary thromboembolism 
(PTE), hemorrhages, recurrent DVT, and/or develop-
ment severe post-thrombotic sequelae3.

One of the most relevant chronic complications is 
post-thrombotic syndrome (PTS), which is clinically 
characterized by chronic pain, edema, and heaviness 
of the affected limb. In severe cases, venous ulcers can 
develop. PTS occurs in between 17 and 35% within the 
1st year and can reach a 2-year cumulative incidence 
of 50%4.

PTS is known to be the result of the venous hyper-
tension that follows the development of valve incompe-
tence (a consequence of the damage suffered by ve-
nous valves at the time of the acute thrombotic episode 
and venous rechanneling phase), reflux, and venous 
obstruction. At these phases, different inflammatory 
components that represent one of the determining fac-
tors for the development of PTS do act5. In this context, 
statins might help decrease chronic inflammation due 
to their pleiotropic and anti-inflammatory effect, gener-
ated by acting on the regulation, expression downreg-
ulation and secretion of different pro-inflammatory fac-
tors6,7. This way, they might decrease the consequent 
development of PTS in patients who have had DVT8.

Given that PTS is largely generated by the inflamma-
tory process that occurs in DVT-affected veins, and 
since statins exhibit a powerful pleiotropic effect that 
acts by decreasing inflammation, we wondered if there 
is an association between statin use (SU) and the de-
velopment of PTS after the first DVT episode.

Materials and methods

A retrospective cohort was designed, which was 
comprised by adult patients with a first episode of DVT 
and who were included in the Hospital Italiano de Bue-
nos Aires (HIBA) Thromboembolic Disease Institutional 
Registry (RIET – Registro Institucional de Enfermedad 
TromboEmbólica) between June 2006 and December 
2017. Patients who refused to grant RIET oral informed 
consent and those without telephonic follow-up were 
excluded from the study.

HIBA is a high-complexity university hospital of the 
Autonomous City of Buenos Aires that operates as an 
integrated health network in Argentina. It has 18 outpa-
tient care centers, with approximately 750 beds. Its 
care system offers comprehensive medical services to 
a population of 150,000 institutional prepayment affili-
ates (Italian Hospital Health Plan [PSHIBA – Plan de 
Salud del Hospital Italiano]), which guarantees exclu-
sive and comprehensive care within this system. All 
information is centralized in a single electronic medical 
record (EMR)9,10, which concentrates all administrative 
information (e.g., paraclinical investigations, appoint-
ment requests, outpatient appointments, hospital ad-
missions, medication use) and all clinical information 
(health problems, clinical diagnoses, medical evolution 
notes, imaging and laboratory test results, among oth-
ers). Health problems or comorbidities are automatical-
ly encoded by a terminology server with a local thesau-
rus that maps and encodes the information using 
SNOMED-CT controlled terms11-14.

All variables of this study were collected from the 
information contained in RIET’s systematic evaluation, 
thus representing a high-quality secondary database. 
Since 2006, RIET operates as a prospective registry of 
venous thromboembolic disease (VTD) incident cases, 

riesgos proporcionales de Cox, reportando hazard ratios (HR) crudas y ajustadas. Se consideró la confusión por indicación 
del CE y se utilizó un propensity score (PS) para el ajuste del riesgo estimado, reportando los HR con sus intervalos de 
confianza del 95% (IC 95%). Resultados: Se incluyeron 905 pacientes, de los cuales 273 fueron CE y 632 no consumidor 
de estatinas (NCE). Al seguimiento, la incidencia de SPT fue: 6.59% (18) en el grupo CE y 8.07% (51) en el grupo NCE, 
con p = 0.412. La razón de riesgo para el desarrollo de SPT de CE resultó no significativa (HR cruda: 0.78; IC 95%: 0.43-
1.41; p = 0.414). La HR de CE ajustada por edad, sexo, antiinflamatorios no esteroideos, corticosteroides, inmovilidad, anti-
coagulante, hipertensión arterial, diabetes, dislipidemia, insuficiencia renal crónica, enfermedad coronaria, accidente cerebro-
vascular, insuficiencia cardiaca y enfermedad oncológica fue 0.45 (IC 95%: 0.13-1.5; p = 0.196). La HR del CE ajustado por 
edad, sexo, antiinflamatorios no esteroideos, corticosteroides, inmovilidad, tratamiento anticoagulante, enfermedad oncológi-
ca y PS fue de 0.52 (IC 95%: 0.17-1.66; p = 0.272). Conclusiones: El CE no se asoció con menor SPT, aunque hubo es-
caso número de eventos detectados.

Palabras clave: Trombosis venosa. Inhibidores de hidroximetilglutaril-CoA reductasa. Síndrome postrombótico. Epidemi-
ología.
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designed, and conducted by the Internal Medicine 
Research Area of the Medical Clinic Department. 
Therein, patients corresponding to all medical coverag-
es (not restricted to PSHIBA) are included in the study. 
DVTs are diagnosed by venous Doppler ultrasound of 
the lower limbs. The included veins were: soleus plexus 
or calf veins with involvement of the arch, posterior and 
anterior tibial veins, popliteal vein, femoral vein (super-
ficial femoral), saphenous arch, external iliac vein, in-
ferior and superior gluteal veins, and internal iliac vein.

For the purposes of this study, the exposed group 
was made up of patients who were receiving statins15: 
atorvastatin, rosuvastatin, simvastatin, pravastatin, flu-
vastatin, and lovastatin. A SU was defined as a patient 
who has a pharmacy purchase record and/or has the 
use of statins reported on the EMR within the 30 pre-
vious days and up to 180 days after the diagnosis of 
the first DVT episode.

All patients were prospectively followed through EMR 
systematic review and with information obtained by 
RIET systematic telephonic follow-up. Follow-up initia-
tion was the index date of the first DVT episode. Pa-
tients were followed-up until the date of death, loss to 
follow-up or administrative study termination.

PTS events were collected with multiple strategies by 
means of: (a) an adaptation of the Villalta questionnaire 
in telephonic evaluations16 and (b) EMR review (to de-
tect the encoded problem or clinical diagnosis). Cases 
of death and their dates were detected using secondary 
databases (hospital admission databases to detect 
in-hospital deaths) and primary capture (registration 
cancellation due to death, with this data being restricted 
only to PSHIBA patients; and death reported by rela-
tives on telephonic follow-up, regardless of coverage).

According to the sample size calculation, for a power 
of 80%, with an alpha error probability of approximately 
5% and a two-tailed test, at least 100 patients are re-
quired for each group, assuming an incidence of 0.5 for 
the development of PTS in the group of non-SU (NSU) 
and 0.3 for the SU group. In turn, the association be-
tween SU and PTS adjusted for propensity score (PS) 
was assessed. To evaluate this association, 10 events 
are required for each variable included in the model. 
Considering a multivariate model with at least six vari-
ables, 60 PTS events are required.

PS was used with the purpose to solve the natural 
confounding bias caused by the SU indication due to 
the observational design without exposure randomiza-
tion. Taking into account that the general population 
has a high mortality rate, and that this may interfere 
with the development of PTS, we performed a 

sensitivity analysis with regression models that consider 
competitive events. Fine and Gray17,18 regression mod-
els were used considering death as a competitive 
event. The variables used for PS were the following: 
age (odds ratio [OR]: 1.01; 95% confidence interval [CI]: 
1.00-1.03), female gender (OR: 0.88; 95% CI: 0.61-
1.25), high blood pressure (HBP) (OR: 0.86; 95% 
IC: 0.57-1.30), coronary artery disease (OR: 2.26; 95% 
CI: 1.33-3.84), diabetes mellitus (DM) (OR: 1.30; 95% 
CI: 0.78-2.14), dyslipidemia (DLP) (OR: 8.76; 95% 
CI: 5.91-12.97), stroke (OR: 1.78; 95% CI: 1.07-2.96), 
congestive heart failure (CHF) (OR: 1.09; 95% CI: 0.65-
1.82), and chronic kidney failure (CKF) (OR: 0.87; 95% 
CI: 0.52-1.45). Sub-hazard ratios (sHR) are presented 
with their 95% CIs.

Quantitative variables were described as the mean 
and standard deviation (SD) or median and interquartile 
range (IQR) according to the observed distribution, and 
categorical variables, as absolute frequency and per-
centage. Proportions between both groups were com-
pared with the chi-square test or Fisher’s exact test, 
according to the assumptions. Means were compared 
with Student’s t-test and medians, with Mann–Whit-
ney’s test. To evaluate the main study hypothesis, the 
time to the development of the PTS event in both 
groups was estimated with the Kaplan–Meier method. 
For this, the following dates were recorded: first DVT 
event, last follow-up, PTS, and death. End-of-follow-up 
date was regarded as whichever of the following oc-
curred first: PTS development, death, or date of last 
contact. Time-to-event for both dependent variables 
was evaluated in months. Incidence densities were es-
timated in both groups and presented with their 95% 
CIs per 100 persons/year. The incidence ratios be-
tween SU and NSU were estimated and presented with 
their 95% CIs. HRs were estimated with their 95% CIs 
using a Cox proportional hazards regression bivariate 
model. Variables statistically associated with the devel-
opment of PTS were regarded as potential confound-
ers, and those considered of clinical importance, as 
confounders. A multivariate Cox proportional hazards 
model was used to adjust for these potential confound-
ers. The confounding variables used for adjustment 
were the following: age, gender, non-steroidal anti-in-
flammatory drugs (NSAIDs), corticosteroids, immobility, 
anticoagulant treatment, HBP, DM, DLP, CKF, coronary 
heart disease, CVA, CHF, and oncological disease. A 
p < 0.05 was considered statistically significant. STATA 
13 statistical software was used.

The study was carried out in full accordance with 
current national and international ethical regulations. 
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All study data were handled with the highest 
confidentiality. The protocol of this project was eval-
uated and approved by the institutional ethics com-
mittee (number 2453).

Results

Of a total of 1393 potentially includable patients who 
had a confirmed first DVT episode and were included 
in the RIET, 488 were excluded due to the lack of tele-
phonic follow-up or death in the same episode (Table 1). 
Nine-hundred and five patients were included for anal-
ysis, of which 273 were SU and 632 were NSU (Fig. 1).

Regarding baseline differences between SU and 
NSU patients, the statistically significant differences 
were: older age (77.46 vs. 73.65 years; p < 0.001), 
higher rate of HBP (76.92 vs. 54.91%; p < 0.001), cor-
onary artery disease (18.32 vs. 5.06%; p < 0.001), DM 
(16.12 vs. 7.75%; p < 0.001), DLP (80.95 vs. 30.06%; 
p < 0.001), stroke (17.58 vs. 6.33%; p <0.001), heart 
failure (15.02 vs. 7.75%; p < 0.001), CKF (14.29 vs. 
9.49%; p = 0.034), and previous use of NSAIDs (28.94 
vs. 21.04%; p = 0.010), in all SUs results versus those 
of NSUs, respectively. Table 2 presents all evaluated 
characteristics and the comparison between SU 
and NSU.

Most patients (51%) received atorvastatin. Table 3 
shows SUs details, with the frequencies and doses of 
each drug.

The SU group had a higher anticoagulation rate in 
comparison with the NSU group (91 vs. 86%; p = 0.036). 
The most prescribed type of anticoagulant was Vitamin 
K antagonists (VKA). < 1% in both groups received new 
oral anticoagulants (NOA). About 91.21% (249) of SUs 
were anticoagulated (50.92% with low molecular weight 
heparin, 54.21% with VKA, and 0.37% with NOA), while 
86.23% (545) of the NSU group were anticoagulated 
(49.37% with low molecular weight heparin, 46.20% 
with VKA, and 0.63% with NOA), with the difference 
being significant (p = 0.036).

The number of PTS events detected during follow-up 
was 18 in the SU group and 51 in the NSU group. Me-
dian overall cohort follow-up time was 15 months 
(IQR: 0-38). Table 4 shows the events detected during 
follow-up.

Association between SU and PTS

PTS incidence density in the SU group was 3.69 
(95% CI: 2.22-6.12) per 100 persons/year, and 4.68 
(95% CI: 3.43-6.38) per 100 persons/year in the NSU 
group. Incidence density ratio was 0.79 (95% CI: 0.4-1.46) 

Table 1. Comparison between included versus excluded subjects (due to lack of follow-up)

Included (n = 905) Excluded (n = 488) p-value

Pulmonary embolism concomitant with DVT 20.77% (188) 21.11% (103) 0.884

Statin 30.17% (273)  16.39% (80) 0.001

Age, years * 78 (16)  76 (16) 0.001

Female gender 63.54% (575) 60.25% (294) 0.227

Body mass index† 27.28 (6.02)  27.42 (5.42) 0.675

Comorbidities
Charlson Score *
Smoking
High blood pressure
Coronary artery disease
Diabetes
Dyslipidemia
Stroke
Heart failure
Chronic kidney failure
Oncological disease
COPD
NSAIDs consumption

2 (3)
6.74% (61)

61.55% (577)
9.06% (82)

10.28% (93)
45.41% (411) 

9.72% (88)
9.94% (90)

10.94% (99)
28.84% (261)
10.72% (97)

23.43% (212)

2 (4)
7.17% (35)

65.16% ( 318)
7.58% (37) 

12.70% (62)
47.13% (230)

5.94% (29)
10.66% (52) 
8.61% (42)

33.40% (163)
11.07% (54)

23.98% (117)

0.417
0.761
0.183
0.346
0.169
0.540
0.015
0.676
0.168
0.078
0.842
0.818

*Median (interquartile range).
†Mean (± standard deviation).
DVT: deep-vein thrombosis; COPD: chronic obstructive pulmonary disease; NSAIDs: non-steroidal anti-inflammatory drugs.
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Table 2. Baseline characteristics of included patients with DVT by SU or NSU group

SU (n = 273) NSU (n = 632) p-value

Patient-related 
Age, years*
Female gender
Body mass index*

77.46 (9.68)
59.34% (162) 
27.43 (5.64)

73.65 (15.33)
65.35% (413)
27.21 (6.19)

< 0.001
0.085
0.334

Comorbidities
Smoking
High blood pressure
Coronary artery disease
Diabetes
Dyslipidemia
Stroke
Heart failure
Chronic kidney failure
Immobility
Oncological disease
COPD
NSAID use
Corticosteroid use
Cilostazol use

5.86% (16)
76.92% (210)
18.32% (50)
16.12% (44)

80.95% (221)
17.58 (48) 

15.02% (41) 
14.29% (39)

61.90% (169) 
25.27% (69)
13.55% (37)
28.94% (79)
24.91% (68)

2.93% (8)

7.12% (45)
54.91% (347)

5.06% (32) 
7.75% (49)

30.06% (190)
6.33% (40)
7.75% (49)
 9.49% (60)

 57.28% (362)
30.38% (192)

9.49% (60)
21.04% (133)
24.84% (157)

1.27% (8)

 0.488
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.034
0.195
0.120
0.070
0.010
0.983
0.081

VTD-related 
Concomitant pulmonary embolism 23.44% (64)

 
19.62% (124) 0.193

*Mean (± standard deviation).
SU: statin users; NSU: non-statins users; DVT: deep vein thrombosis; COPD: chronic obstructive pulmonary disease; NSAIDs: non-steroidal anti-inflammatory drugs; 
VTD: venous thromboembolic disease.

4,100 patients from RIET alerts
between 2006/06 and 2017/12

2,707 alerts from patients who do
NOT meet the study inclusion
criteria
  Repeated
  Only suspicion (no confirmation)
  Only PTE
  Re-event (new DVT)1,393 patients

1st DVT EPISODE

488 excluded patients 
  (no telephonic follow-up) (death)

905 patients
included in the analysis

273 SU 632 NSU

Figure 1. Flow diagram of patient inclusion in the study. 
RIET: (Registro Institucional de Enfermedad TromboEmbólica): Thromboembolic Disease Institutional Registry;  
PTE: pulmonary thromboembolism; SU: statin users; NSU: non-statin users; DVT: deep vein thrombosis.

for SUs with regard to NSUs. Table 5 presents annual 
accumulated incidences for both groups. Median time-
to-event could not be estimated because neither of the 

two groups had 50% of PTS events accumulated 
incidence. Median time to the development of PTS was 
9 months, with 8 months in the NSU group and 
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SUs crude HR for the development of SPT was 0.78 
(95% CI: 0.43-1.41; p = 0.414). SUs HR for the devel-
opment of PTS adjusted for age, gender, NSAIDs, cor-
ticosteroids, immobility, anticoagulant treatment, HBP, 
DM, DLP, CKF, coronary artery disease, stroke, CHF, 
and oncological disease was 0.45 (95% CI: 0.13-1.5; 
p = 0.196). SUs HR for the development of PTS adjust-
ed for age, gender, NSAIDs, corticosteroids, immobility, 
anticoagulant treatment, oncological disease, and PS 
was 0.52 (95% CI: 0.17-1.66; p = 0.272).

Table 6 presents the results of the univariate and 
multivariate Cox regression analyses for PTS with 
crude and adjusted HR estimates and with their respec-
tive 95% CI.

Considering competitive events as sensitivity analy-
sis, SUs crude sHR for the development of PTS was 
0.84 (95% CI: 0.46-1.51; p = 0.555). SUs sHR adjusted 
for age, gender, NSAIDs, corticosteroids, immobility, 
anticoagulant treatment, oncological disease, and PS 
for the development of PTS was 0.45 (95% CI: 0.14-
1.46; p = 0.184).

Association between SU and death
Table 7 shows the cumulative incidences by groups, 

every 12 months. Death incidence median follow-up 
time for the entire cohort was 15 months, with 15 
months in the NSU group and 17 months in the SU 
group.

Figure 3 shows the Kaplan–Meier graph for mortality 
between SUs and NSUs (log-rank test: p = 0.046). SUs 
crude HR for death was 0.71 (95% CI: 0.5-0.99; 

Table 3. Details on statin use in the statin users (SU) group

Statin type SU (n = 273)

Rosuvastatin
5 mg
10 mg
20 mg

24.91% (68)
22.05% (15)
64.70% (44)
13.25% (9)

Atorvastatin
10 mg
20 mg

51.28% (140)
52.14% (73)
47.86% (67)

Simvastatin
10 mg
20 mg
40 mg

23.81% (65)
46.15% (30)
47.69% (31)

6.16% (4)

Table 4. Number of events evaluated during follow-up by 
SU and NSU group

SU  
(n = 273)

NSU  
(n = 632)

p*

PTS 18 51 0.412

VTDR 30 68 0.403

Death 120 322 0.047

Median follow-up at last 
date of contact, months

17 (IIC 
0-44)

15 (IIC 
0-36.5)

0.177

*Log-rank test estimated p-value.
SU: statin users; NSU: non-statins users; PTS: post-thrombotic syndrome; 
VTDR: venous thromboembolic disease recurrence.

Table 5. PTS cumulative incidence estimated with the 
Kaplan–Meier method in both SU and NSU groups

PTS cumulative 
incidence (months)

SU (% with  
95% CI)

NSU (% with 
95% CI)

12 5.03  
(2.54-9.85)

4.62  
(2.85-7.47)

24 7.57  
(4.22-13.38)

7.9  
(5.24-11.82)

36 10.69  
(6.05-18.52)

12.58  
(8.69-18.03)

48 12.59 
(7.19-21.55)

18.57 
 (13.13-25.91)

60 17.19  
(8.92-31.65)

22.59  
(15.58-32.09)

SU: statin users; NSU: non-statin users; PTS: post-thrombotic syndrome; 
CI: confidence interval.

11 months in SU group. Figure 2 shows the Kaplan–
Meier graph for the development of PTS between SUs 
and NSUs (log-rank test: p = 0.412). 

C
um

ul
at

iv
e 

in
ci

de
nc

e

Time (months)Patients at risk
NSU

NSU
SU

SU

Figure 2. Cumulative PTS incidence estimated according 
to time for SU (red) and NSU (blue) patients. PTS: post-
thrombotic syndrome; SU: statin users; NCE: non-statin 
users.
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Table 6. Association between statin use and PTS 
development. Cox regression model

HR 95% CI p

Age, for each increase in 1 year 0.99 (0.97-1) 0.1

Female gender 1.56 (0.86-2.84) 0.144

NSAIDs 0.86 (0.47-1.59) 0.639

Corticosteroids 1.18 (0.62-2.24) 0.619

Immobility 3.03 (1.57-5.87) 0.001

Received anticoagulant treatment 1.1 (0.32-3.8) 0.883

Oncological disease 0.87 (0.42-1.78) 0.702 

SU versus NSU crude 0.78 (0.43-1.41) 0.414

SU versus NSU adjusted* 0.45 (0.13-1.5) 0.196

SU versus NSU adjusted for PS† 0.52 (0.17-1.66) 0.272

*Adjusted for age, gender, NSAIDs, corticosteroids, immobility, anticoagulant 
treatment, HBP, DM, dyslipidemia, CKF, coronary artery disease, stroke, CHF, and 
oncological disease.
†Adjusted for age, gender, NSAIDs, corticosteroids, immobility, anticoagulant 
treatment, oncological disease, and statin use PS.
PTS: post-thrombotic syndrome; HR: hazard ratio; CI: confidence interval; 
NSAIDs: non-steroidal anti-inflammatory drugs; SU: statin users; NSU: non-statin 
users; PS: propensity score.

Table 7. Cumulative incidence of death estimated with 
the Kaplan–Meier method in both SU and NSU groups

Cumulative incidence
of death (months)

SU (% with  
95% CI)

NSU (% with 
95% CI)

12 11.36 (7.63-16.74) 14.41 (11.42-18.1)

24 14.86 (10.39-21.04) 20.45 (16.79-24.77)

36 18.58 (13.26-25.7) 27.56 (23.09-32.7)

48 20.79 (14.96-28.49) 34.58 (29.33-40.47)

60 27.13 (19.57-36.85) 36.47 (30.98-42.6)

CI, confidence interval, SU: statin users; NSU: non-statin users.

p = 0.049). SUs HR adjusted for age, gender, NSAIDs, 
corticosteroids, immobility, anticoagulant treatment, on-
cological disease, Charlson comorbidity score, and PS 
was 0.62 (95% CI: 0.4-0.98; p = 0.04).

Discussion

In our study, we found no association between the use 
of statins and the development of PTS, and since the 
study is pragmatic, it represents the most similar scenar-
io to routine follow-up of patients in the real world. This 
type of design increases external validity, although there 

is larger variability in measurements and processes 
(e.g., adherence, doses, use of different statins, patient 
comorbidities, irregular follow-up), and larger sample siz-
es are required. It should be noted that the great limita-
tion of this work lies in the low statistical power based 
on the low incidence of PTS. Through a multiple collec-
tion strategy, a total of 69 cases were detected, 18 in the 
SU group and 51 in the NSU group, and only 8 were 
detected through the medical record, but this might ex-
plain the lack of statistical significance.

The effect of statins on VTD was observed for the 
1st time in the JUPITER study19, which as a secondary 
endpoint explored the effect of rosuvastatin on VTD 
reduction in patients with elevated C-reactive protein 
(CRP), showing a reduction of 43% in the risk for VTD 
in patients treated with rosuvastatin (OR: 0.57; 
95% CI: 0.37-0.86). Although external validity is limited, 
it motivated different subsequent studies on the sub-
ject. Biological plausibility of the possible mechanisms 
that explain an association between SU and PTS are 
based on its definition and origin, given that it is the 
result of the venous hypertension that follows the de-
velopment of valve incompetence, reflux, and venous 
obstruction. Valve incompetence is the consequence 
of the damage suffered by venous valves at the time 
of the acute thrombotic episode and venous rechan-
neling phase. Different inflammatory components that 
are among the determining factors for the development 
of PTS act in these phases. On one hand, microvas-
cular endothelial cells that are metabolically active 
express different class 1 intracellular adhesion mole-
cules (ICAM-1), class 1 vascular adhesion molecules 
(VCAM-1), and lower E-selectin expression than 
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Figure  3. Mortality estimated with the Kaplan–Meier 
method according to time for SU (red) and NSU (blue) 
patients. SU: statin users; NSU: non-statin users.
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normal endothelial cells20. Surrounding leukocytes, 
mostly neutrophils, T lymphocytes, monocytes, and 
macrophages, potentiate the inflammatory response by 
expressing certain adhesion molecules and by secret-
ing inflammatory mediators such as interleukin (IL) 1, 
IL-6, IL-8, P-selectin, monocyte chemotactic protein 1 
(MCP-1), tumor necrosis factor (TNF) beta 1 (TNF-b1), 
and alpha (TNF-a). On the other hand, leukocyte cells 
release and activation act on interstitial cells, which as 
responses to mediators released by endothelial vascu-
lar cells and leukocytes, stimulate the recruitment and 
activation of macrophages and fibroblasts and the ex-
pression of different connective tissue proteins, with 
subsequent damaged tissue repair. Given that PTS is 
the consequence of a large inflammatory reaction, we 
consider it important highlighting that statins, which are 
lipid-lowering but have a pleiotropic and anti-inflamma-
tory effect, could help decrease chronically generated 
inflammation by acting on the regulation, expression 
decrease, and secretion of different pro-inflammatory 
factors such as ICAM-1, VCAM-1, IL-1, IL-6, IL-8, 
TNF-b1, and TNF-a6,21. This way, by acting on these 
different inflammation components, statins might de-
crease the development of PTS in patients who have 
had DVT8.

Along the same lines, San Norberto et al. carried out 
a trial with 234 patients diagnosed with VTD without 
PTE22, and as a secondary endpoint they evaluated the 
effect of statins on the degree of PTS. The group of 
patients treated with rosuvastatin showed a reduction 
in CRP levels and in the incidence of PTS (38.3 vs. 
48.5%; p = 0.019), after 3 months of follow-up. Unlike 
our study, in this one subjects had fewer comorbidities, 
and we included patients with concomitant PTE; VTD 
lower load may have favored rosuvastatin effect and 
explain its results, which lack statistical significance, 
but show an association with the same direction (statins 
as protective agents), which is consistent with our re-
sults (crude HR: 0.78; 95% CI: 0.43-1.41; p = 0.414).

Regarding the detection of PTS, in the study by Gh-
anima et al.23 and in that by San Norberto et al., a 
structured clinical interview with the Villalta scale was 
used (with PTS being considered as a score > 5 or 
presence of venous ulcer)22, while, in our study, cases 
were identified using an adaptation of the Villalta ques-
tionnaire16 and by EMR systematic review. Although 
telephonic assessment is more feasible and practical, 
it is likely that it will only detect severe or symptomatic 
PTS cases. This difference in the detection methods 
might explain the difference observed for PTS inci-
dence in our cohort, of 7.62%, which is lower when 

compared to these studies, where it is around 40%. In 
addition, since the frequency of PTS in our study was 
lower than expected, the absence of statistically signif-
icant differences could be due to a lack of power to 
detect differences between SUs and NSUs.

In reference to the use of statins, the statin that was 
most commonly used in our cohort was atorvastatin, 
51.28% at a dose of 10 mg/day, in contrast to other 
studies, which describe the use of rosuvastatin24,25. 

Our results with regard to recurrent venous thrombo-
embolic disease (RVTD) resemble those of the study 
by Delluc et al.26, a prospective cohort of 432 patients 
with a first VTD event. In the multivariate analysis, the 
risk of RVTD associated with exposure to statins was 
1.02 (95% CI: 0.36-2.91), while, in our cohort, SUs ad-
justed HR was 0.74 (95% CI: 0.37-1.49). Although in 
both studies the differences were not statistically sig-
nificant, they selected a population with fewer comor-
bidities than ours, since they excluded secondary VTD. 
Furthermore, they carried out a more active lipid-low-
ering drugs use evaluation, and considered anticoagu-
lation time and the thrombosis site, which are aspects 
that we could not assess.

Our results for the sensitivity analysis were consis-
tent with the main analysis, and this agreement increas-
es the robustness and consistency of our findings. 
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