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What is already known
about this subject

« Patients with rheumatoid arthritis
(RA) often experience complications,
such as cardiovascular disease,
systemic inflammation, and impaired
immune function leading to increased
disability, morbidity, and mortality.

.

Cardiovascular disease is the leading
cause of death in the RA population.

Guidelines from the American College
of Rheumatology are focused on the
treatment of RA; however, the risk

of all-cause mortality is 1.5 times
higher in RA patients than the general
population.

ABSTRACT

BACKGROUND: Patients with rheumatoid
arthritis (RA) have higher rates of mortality
attributed to the inflammatory nature and
the associated burden of cardiovascular
complications. Previous research indicates
that treatment with statin therapy may play
a role in reducing the mortality rate of RA
patients, but similar evidence in U.S. patients
is lacking.

OBJECTIVE: To assess the association
between statin use and overall mortality
among RA patients in the United States.

Rheumatoid arthritis (RA) is a chronic
autoimmune disease characterized
by an inflammatory polyarthritis
that preferentially affects the small
joints! RA is a "multicausal" dis-
ease that most likely results from an
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What this study adds

* This study demonstrated that RA
patients with incident statin use
experienced a decreased risk of
all-cause mortality when compared
with RA patients with no statin use.

Given the increased mortality risk in

RA and contribution of cardiovascular
disease to this risk, these findings
provide support for raising awareness of
the importance of statin therapy among
decision makers, health professionals,
and people with RA.

METHODS: A population-based study of

RA patients with incident statin use was
conducted. Patients aged >18 years with a
diagnosis of RA between January 2007 and
December 2015 were included and reviewed
for the use of statin medication. Time strati-
fied propensity score matching was used to
adequately balance the comparison groups.
Logistic regression and Cox proportional
hazard models were used to estimate the
association.

RESULTS: 19,614 people fulfilled the inclu-
sion criteria for the study out of which 2,089
were statin users. There were 1,883 statin

amalgamation of genetic predisposi-
tion and various environmental and
lifestyle factors. Patients with this
disease often experience complica-
tions, such as cardiovascular disease,
systemic inflammation, and impaired
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users that were matched to 1,883 statin
nonusers. Baseline characteristics were well
balanced across the 2 groups after match-
ing. The hazards ratio for all-cause mortality
in patients with RA for statin users was 0.72
(95% C1=0.56-0.91; P=0.008) compared with
statin nonusers.

CONCLUSIONS: Compared with no use of
statins, current statin use is associated with
28% lower risk of mortality in RA patients.
Decision makers and providers should con-
sider and support integration of these results
into the current clinical guidelines for deliv-
ering quality health care to RA patients.

lead to
increased disability, morbidity, and

immune function, which

mortality.>* Specifically, patients with
RA have been shown to be at a higher
risk for comorbidities such as muscu-
loskeletal system diseases, diseases of
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the immune system, endocrine diseases, circulatory system
diseases, and diseases of the respiratory system when com-
pared with matched general population.® In addition, when
compared with the general population, patients with RA had
54% higher mortality rates after adjusting for confounders.*
The long-term prognosis of patients with RA has improved
over the last decades, but survival rates are still lower in RA
patients compared with the general population; the gap is
thus continuing to widen between these 2 groups.®*

The American College of Rheumatology has established
standard guidelines for the treatment of RA, which are
targeted at preventing these complications, slowing or
preventing disease progression, and managing symptoms
through drug therapy.® However, even with current recom-
mendations used in practice, there still remains a risk of
all-cause mortality that is 1.5 times higher in the affected
population than the general public.* This finding indicates
that there is room for improvement in the current practice
to incorporate medications that will help reduce this high
risk of mortality.

Hydroxymethylglutaryl-coenzyme A reductase inhibi-
tors, more commonly known as statins, have historically
been shown to reduce and prevent primary and secondary
cardiovascular disease through different mechanisms.®#In
addition to reduction of cardiovascular events, statins have
also been observed to decrease risk of mortality by at least
9% in the general population as evidenced by 3 systematic
reviews.®™ This decrease in cardiovascular events and
mortality in the general population can be attributed to
improved vascular effects, lipid lowering, and anti-inflam-
matory properties of statins. These 3-pronged benefits of
statin therapy lay the groundwork for an expected similar,
if not greater, survival benefit endowed on RA patients, as
witnessed among the general population.

Previous studies have indicated that RA patients who
initiated statin treatment were at a lower risk of all-cause
mortality when compared with propensity score-matched
controls. Specifically, a population-based cohort study
done using a record-linkage database in Scotland reported
57% lower risk of all-cause mortality (95% CI=0.20-0.92) in
statin-exposed RA patients when compared with patients
not exposed to statins.”? Another population-based longi-
tudinal study of RA patients conducted in Canada assessed
the association between discontinuation of statins in RA
patients and all-cause mortality. Statin discontinuation,
defined as persistent nonuse for >3 months during the
therapy course, was associated with a higher risk of
mortality among RA patients (hazards ratio [HR]=1.79; 95%
CI=1.46-2.20) when compared with the counterparts.” In
addition, a recent population-based cohort study using
data from the United Kingdom indicated that RA patients

who initiated statin treatment were at a 21% lower risk
of all-cause mortality when compared with propensity
score-matched controls.* Although examining the benefit
of statin therapy in patients with RA may not be novel, no
studies have tried to elucidate the similar association in the
United States, even though 54.4 million U.S. adults suffer
from arthritis—about 25% of the population. Thus, the
objective of this study was to further our understanding
of the association between statin initiation and all-cause
mortality, with a focus on RA patients in the United States.

Methods

STUDY TYPE AND DATA SOURCE

This study was a hypothesis-evaluating treatment effec-
tiveness study with a postulation that statins will decrease
all-cause mortality in RA patients. This study conformed to
the STROBE (STrengthening the Reporting of OBservational
studies in Epidemiology) guidelines regarding conduct and
reporting of the observational studies.

We carried out a retrospective cohort study using data
from the University of Utah Enterprise Data Warehouse
(EDW). The EDW, managed and maintained by the
University of Utah Health Science Data Resource Center,
is the long-term data mart for patient medical, financial,
and administrative data. The EDW integrates historical and
comprehensive clinical patient records across the University
of Utah Healthcare Systems for more than 1.4 million
patients. The information recorded includes demographic
information; clinical diagnoses, outcomes, and events;
laboratory tests; and prescribed drugs. A standardized
system of codes involving all possible identifiers assured
confidentiality of the study participants. The study was
reviewed and approved by the institutional review board at
the University of Utah.

STUDY POPULATION

The study population included patients who had a diagno-
sis of RA between January 2007 and December 2015 in the
EDW. Patients were included if they were aged 18 years or
older and had a diagnosis of RA according to International
Classification of Diseases, Ninth/Tenth Revision, Clinical
Modification (ICD-9/10-CM) codes. Patients were required
to have at least 2 outpatient visits or 1 inpatient visit for RA
to be eligible. Patients were excluded if they started statin
therapy before their RA diagnosis or if their records were
missing age, gender, body mass index (BMI), comorbidities,
or medication use.
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STUDY DESIGN

A population-based study of RA patients with incident
statin use was conducted. Incident user design was used
over prevalent user design to minimize confounding and
resulting bias. The prevalent user design includes patients
who are already on the treatment before the beginning of
the study, whereas incident user design includes new users
of the treatment at the start of the study. Incident user
design helps alleviate 2 types of bias: (1) prevalent users
who have survived the earlier pharmacotherapy, which can
cause selection bias, and (2) different covariates for treat-
ment users might be possibly affected by treatment at study
initiation. Incident user design ensures that all patient char-
acteristics are measured before treatment initiation and
thus dramatically reduces the opportunity for investigators
to adjust for variables that are in the causal pathway.

Patients who initiated a statin during an annual block
were defined as statin users, while patients who did not
initiate a statin were defined as statin nonusers. The initia-
tion date was used as the index date for statin users, and
a random date within the 1-year block was assigned as the
index date for nonstatin users. Baseline characteristics
such as age, gender, BMI, comorbidities, and medication
use were assessed within a 1-year time window before the
index date. Comparison cohorts were propensity score
matched within the same calendar year, leading to 9 annual
blocks from January 2007 to December 2015 to account for
confounding.

Univariate analysis was conducted to identify the vari-
ables eligible for propensity score matching. Propensity
scores were estimated separately for each annual accrual
block using logistic regression. The variables included in the
model were gender, age, BMI, comorbidities, and medica-
tion use. Comorbidities included AIDS/HIV, nonmetastatic
malignancy, cerebrovascular disease, chronic pulmonary
disease, congestive heart failure, dementia, diabetes with-
out complications, diabetes with complications, hemiplegia
or paraplegia, metastatic solid tumor malignancy, liver dis-
ease, myocardial infarction, peptic ulcer disease, peripheral
vascular disease, and rheumatic heart disease. Medications
included antihypertensive drugs, diuretics, glucocorti-
coids, anticoagulants, insulin, nitrates, disease-modifying
antirheumatic drugs (DMARDs), and nonsteriodal anti-
inflammatory drugs (NSAIDs).

For each statin user, we identified a propensity score-
matched subject who did not initiate a statin during the
accrual block within a caliper range that was equal to one
fourth of the standard deviation of the propensity scores.
Standardized differences before and after adjustment for
propensity score were also calculated, and variables with
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standardized differences <0.10 were considered to be
well balanced.

OUTCOME ASSESSMENT

The primary outcome of interest was all-cause mortality
as defined by the date of death recorded in the University
of Utah EDW. Logistic regression and Cox proportional
regression were used to assess the outcome.

Logistic regression was performed in propensity-
matched cohorts to assess the association between statin
initiation and all-cause mortality after 3 years of follow-up.
To prevent known residual confounding, additional regres-
sion adjustments after adjustment of propensity score were
also performed.

In addition to logistic regression, Cox proportional haz-
ard models were used to estimate the association of statin
initiation with the risk of all-cause mortality across time.
Proportionality assumption was tested using Schoenfeld
and scaled Schoenfeld residuals. Participants were censored
at occurrence of event or at the end of the study period. To
prevent known residual confounding, additional regression
adjustments after adjustment of propensity scores were
also performed, similar to logistic regression. Cumulative
hazard plots were generated to estimate time trends.

STATISTICAL ANALYSIS

Categorical variables were presented as percentages, and
continuous variables were presented as means or medi-
ans, as appropriate. We analyzed the data using a simulated
intention to treat scenario, where subsequent changes in
treatment of the participants who used or did not use statins
did not modify the category of use. Additional analyses with
follow-up time curtailed at 1 year, 2 years, and 3 years for
all subjects was performed to account for probable poten-
tial for discontinuation of treatment. P values less than 0.05
were considered statistically significant. All statistical anal-
yses were performed using Stata-SE 15 (StataCorp, College
Station, TX).

Results

Between January 2007 and December 2015, 1,286,141 patients
were available in University of Utah EDW for the poten-
tial inclusion in the study. Of these patients, 19,614 people
fulfilled the inclusion criteria (Figure 1). The baseline char-
acteristics of the cohort are summarized in Supplementary
Table 1 (available in online article). The mean age of the
eligible participants was 51 years, and the majority of the
cohort consisted of females (75.08%). Of those participants
included, 17.91% had pulmonary disease; 10.39% had diabe-
tes; 9.63% had liver disease; 5.05% had renal disease; and
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FIGURE 1 STROBE Patient Flow Diagram
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RA=rheumatoid arthritis; STROBE =STrengthening the Reporting of OBservational studies in Epidemiology.

17.64% had rheumatic heart disease (Supplementary Table 1).
In addition, 17.90% were taking hypertensive drugs; 28.33%
were taking glucocorticoids; 7.34% were taking insulin;
4.66% were taking DMARDs; and 28.41% were taking NSAIDs
at baseline (Supplementary Table 1).

Table 1 shows the baseline characteristics for eligible
participants stratified by statin initiation before and after
1:1 propensity score matching. Before matching, there were
significant differences in baseline characteristics between
statin users and nonusers. Compared with nonusers, statin
users were older (50.41 years vs. 60.77 years; P<0.001), had
a greater number of males (23.63% vs. 35.71%; P<0.001),
and a greater BMI (25.28 vs. 27.88; P<0.001). In addi-
tion, cerebrovascular disease (5.65% vs. 11.63%; P<0.001),

congestive heart failure (3.71% vs. 9.24%; P<0.001), demen-
tia (0.55% vs. 1.20%; P<0.001), diabetes (8.85% vs. 23.31%;
P<0.001), paraplegia (1.91% vs. 2.68%; P=0.016), myocardial
infarction (1.56% vs. 7.28; P<0.001), peripheral vascular
disease (4.11% vs. 10.72%; P<0.001), renal disease (4.48%
vs. 9.86%; P<0.001), and rheumatic disease (17.21% vs.
21.21%; P<0.001) were more prevalent in statin users. Statin
nonusers were also significantly different from statin users
in the use of antihypertensive drugs (13.86% vs. 51.80%;
P<0.001), diuretics (9.23% vs. 32.31%; P<0.001), glucocorti-
coids (26.84% vs. 40.89%; P<0.001), anticoagulants (4.95%
vs. 14.70%; P<0.001), insulin (5.27% vs. 24.70%; P<0.001),
nitrates (1.52% vs.11.68%; P<0.001), DMARDs (4.79% vs.
3.54%; P<0.001), and NSAIDs (27.49% vs. 36.14%; P<0.001).
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TABLE 1 Baseline Characteristics of Unmatched and Propensity Score-Matched Cohorts

Unmatched Cohorts (n=19,614) Propensity Matched Cohorts (n=3,766)
Nonusers Users Nonusers Users
Baseline Characteristics n=17,525 n=2,089 P Value n=1,883 n=1,883 P Value
Age in years, mean 50.41 60.77 <0.001 60.78 60.14 0111
Gender, %
Female 76.37 64.29 66.91 65.91
Male 23.63 35.71 <0.001 33.29 34.09 0512
BMI, mean 25.28 27.88 <0.001 27.28 2753 0.300
Comorbidities, %
AIDS/HIV 0.34 0.29 0.710 0.32 0.27 0.763
Nonmetastatic malignancy 8.48 9.29 0.213 9.77 9.24 0.578
Cerebrovascular disease 5.65 11.63 <0.001 10.04 9.88 0.870
Chronic pulmonary disease 17.73 19.34 0.071 2013 18.37 0.173
Congestive heart failure 371 9.24 <0.001 797 7.33 0.462
Dementia 0.55 1.20 <0.001 1.22 0.90 0.340
Diabetes without complications 5.72 15.03 <0.001 13.49 12.59 0.411
Diabetes with complications 313 8.28 <0.001 7.33 743 0.901
Hemiplegia or paraplegia 191 2.68 0.016 1.86 2.39 0.258
Metastatic solid tumor malignancy 311 2.78 0.404 2.50 2.81 0.543
Liver disease 9.64 9.53 0.864 10.04 9.24 0.408
Myocardial infarction 1.56 7.28 <0.001 5.26 478 0.502
Peptic ulcer disease 3.51 3.83 0.463 4.20 3.72 0.452
Peripheral vascular disease 411 10.72 <0.001 9.51 8.87 0.498
Renal disease 4.48 9.86 <0.001 8.71 8.44 0.771
Rheumatic disease 17.21 21.21 <0.001 19.86 20.07 0.870
Medication use, %
Antihypertensive drugs 13.86 51.80 <0.001 46.20 47.37 0.472
Diuretics 9.23 3231 <0.001 29.21 29.05 0.914
Glucocorticoids 26.84 40.88 <0.001 41.74 39.88 0.246
Anticoagulants 495 14.70 <0.001 12.69 13.01 0.770
Insulin 5.27 24.70 <0.001 19.86 19.76 0.935
Nitrates 1.52 11.68 <0.001 7.65 7.65 1.000
DMARDs 479 3.54 0.010 3.03 3.56 0.361
NSAIDs 27.49 36.14 <0.001 3712 36.06 0.499

BMI=body mass index; DMARD =disease-modifying antirheumatic drug; NSAID =nonsteroidal anti-inflammatory drug.

After propensity score matching with gender, age, BMI,
comorbid conditions, and medication use, no statistically
significant differences were observed between the statin
nonuser and user cohorts (Table 1). Standardized differ-
ences before and after adjustment for propensity score were
also calculated, and variables with standardized differences
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<0.10 were considered to be well balanced (Supplementary

Table 2, available in online article).

Logistic regression and Cox proportional hazards
regression were used to determine the association of
statin initiation and all-cause mortality. Table 2 shows
the unadjusted and adjusted odds ratios (ORs) for the
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TABLE 2 Unadjusted and Adjusted Odds Ratios for Mortality Associated with Statin Use

Unadjusted Regression Adjusted Regression
Variables 0dds Ratio 95% CI P Value Odds Ratio 95% CI P Value
Age 1.03 (1.02-1.05) <0.001 1.03 (1.01-1.05) <0.001
Gender 1.37 (0.96-1.95) 0.074 1.13 (0.78-1.65) 0.502
BMI 0.97 (0.95-1.00) 0.066 0.97 (0.95-1.00) 0.120
AIDS/HIV 2.70 (0.34-21.26) 0.345 1.44 (0.15-13.48) 0.744
Nonmetastatic malignancy 1.48 (0.89-2.47) 0.125 111 (0.64-1.92) 0.702
Cerebrovascular disease 0.96 (0.53-1.72) 0.897 0.49 (0.25-0.96) 0.037
Chronic pulmonary disease 216 (1.50-3.13) <0.001 1.53 (0.99-2.36) 0.051
Congestive heart failure 2.32 (1.43-3.75) 0.001 1.23 (0.68-2.21) 0.478
Dementia 3.95 (1.52-10.25) 0.005 2.26 (0.79-6.50) 0.128
Diabetes without complications 1.09 (0.66-1.79) 0.716 0.64 (0.36-1.12) 0.122
Diabetes with complications 1.35 (0.75-2.43) 0.311 0.53 (0.26-1.06) 0.075
Hemiplegia or paraplegia 1.42 (0.51-3.96) 0.494 1.43 (0.47-4.33) 0.517
Metastatic solid tumor malignancy 6.15 (3.54-10.70) <0.001 3.96 (2.12-7.37) <0.001
Liver disease 2.70 (1.76-4.13) <0.001 2.16 (1.32-3.55) <0.001
Myocardial infarction 1.54 (0.79-2.98) 0.199 0.93 (0.44-1.95) 0.854
Peptic ulcer disease 1.78 (0.88-3.57) 0.105 1.03 (0.47-2.24) 0.924
Peripheral vascular disease 1.87 (1.16-3.02) 0.010 091 (0.52-1.61) 0.769
Renal disease 2.28 (1.43-3.62) <0.001 1.45 (0.83-2.52) 0.184
Rheumatic disease 1.99 (1.38-2.88) <0.001 1.22 (0.81-1.84) 0.338
Antihypertensive drugs 2.04 (1.43-2.92) <0.001 1.25 (0.84-1.87) 0.263
Diuretics 2.48 (1.76-3.51) <0.001 1.59 (1.07-2.38) 0.022
Glucocorticoids 1.63 (1.16-2.31) 0.005 1.20 (0.82-1.75) 0.335
Anticoagulants 1.33 (0.83-2.13) 0.225 0.86 (0.51-1.43) 0.569
Insulin 3.32 (2.34-4.72) <0.001 2.80 (1.84-4.26) <0.001
Nitrates 2.32 (1.43-3.75) 0.001 1.60 (0.94-2.74) 0.080
DMARDs 0.43 (0.10-1.76) 0.243 0.70 (0.16-2.93) 0.627
NSAIDs 0.92 (0.64-1.32) 0.663 0.88 (0.60-1.29) 0.520
Statins 0.61 (0.43-0.87) 0.007 0.65 (0.45-0.94) 0.023

Note: Adjusted for age, gender, BMI, comorbidities, and medication use.

BMI=body mass index; DMARD =disease-modifying antirheumatic drug; NSAID =nonsteroidal anti-inflammatory drug.

2 comparative cohorts after propensity score matching
(see Supplementary Table 2, available in online article, for
comparison before matching). Specifically, statin users had
a 35% lower risk of mortality in comparison with statin
nonusers when the groups were adjusted for residual con-
founding (OR=0.65, 95% CI=0.45-0.94; P=0.023).

The cumulative hazard estimates for mortality associ-
ated with statin use are shown in Figure 2. Specifically,
statin users had a significantly lower risk of mortality

when compared with statin nonusers. In addition, the
results of the unadjusted and adjusted Cox proportional
hazards models predicting all-cause mortality are shown
in Table 3 (see also Supplementary Table 3, available in
online article, for comparison before matching). Similar
to logistic regression, statin users had a 28% lower risk of
mortality in comparison with statin nonusers when groups
were propensity score matched and adjusted for residual
confounding (HR=0.72, 95% CI=0.56-0.91; P=0.008).

Vol. 27, No. 3 | March 2021 | JMCP.org


https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials20261-1612112981.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials20261-1612112981.pdf

Cumulative Hazard Estimates for
Mortality Associated with Statin Use

0.15
> I
=
£ 0.10
o
= —Nonuser
(]
2 —User
5
3 0.05
€
=3
(w]
HR: 0.70
Cl: 0.55-0.89, P=0.004
0.00 T T 1
0 5 10 15

Analysis Time (Years)

Additional analyses with follow-up time truncated at
1 year, 2 years, and 3 years for all subjects were performed
to account for probable potential for discontinuation of
treatment. For matched and adjusted cohorts, the HRs in
the analyses with follow-up truncated at 1 year, 2 years,
and 3 years were 0.66 (95% CI=0.39-1.10; P=0.115), 0.71
(95% CI=0.47-1.07; P=0.103), and 0.63 (95% CI=0.44-0.90;
P=0.011), respectively (see Supplementary Table 3, available
in online article, for comparison before matching).

Discussion

In this population-based study of RA patients, we found 28%
lower risk of all-cause mortality among statin users when
compared with propensity score-matched statin nonusers
(Table 3). The association was evident from the first year
of follow-up throughout the succeeding years and was
independent of age, gender, BMI, comorbidities, and other
medication use (Table 3).

The results of our study align with 3 previous studies
that attempted to assess the potential survival effect of
statin use in RA patients. Specifically, a population-based
cohort study done using a record-linkage database in
Scotland reported 57% lower risk of all-cause mortality
(95% CI=0.20-0.92) in statin-exposed RA patients when
compared with statin unexposed patients.”? Although these
findings were effective, the authors of the study used
a prevalent user design as opposed to an incident user
design, which might have made the findings vulnerable to
selection bias.
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Another population-based longitudinal study of RA
patient conducted in Canada assessed the association
between discontinuation of statins in RA patients and
all-cause mortality. Statin discontinuation, defined as per-
sistent nonuse for >3 months during the therapy course,
was associated with a higher risk of mortality among RA
patients (HR=1.79; 95% CI=1.46-2.20) when compared with
the counterparts. This association was independent of age,
sex, and starting a statin prescription.”

In addition, a recent population-based cohort study
using data from the United Kingdom found that RA patients
who initiated statin treatment were at a 21% lower risk
of all-cause mortality when compared with propensity
score-matched controls. Although examining the benefit
of statin therapy in patients with RA may not be novel, our
study is the first study to report the beneficial effects of
statins in reducing risk of all-cause mortality among RA
patients in the United States.

Our findings complement and expand on previous evi-
dence for the beneficial effects of statins to affect multiple
steps in the pathogenesis of RA. Thus, a decrease in all-cause
mortality in statin users when compared with the counter-
parts as demonstrated in this study can be attributed to a
combined effect of statins in improving vascular function,
lowering lipid concentrations and decreasing inflammatory
markers in RA patients. More specifically, benefits of statins
in RA patients have been thoroughly investigated using
vascular function as an endpoint.!>"

Administration of simvastatin has been reported to
significantly improve “flow mediated vasodilation” in RA
patients when compared with placebo. Also, adiponectin
along with an improvement in flow mediated vasodilation
has been observed when RA patients were given atorvas-
tatin.” The Trial for Atorvastatin in RA (TARA) reported an
improvement in vascular risk factors such as ICAM-1 and
fibrinogen levels of RA patients after 6 months of treatment
with atorvastatin when compared with placebo.”

Taking all of this into account, statins seem to have a
favorable effect on structural, morphological, and bio-
chemical parameters of vascular function in RA patients.
This favorable effect can be a theoretical explanation of the
reported benefit of decreased mortality among statin initi-
ating RA patients reported in this study. In addition to the
positive effect on the vascular profile in RA patients, statins
have also been shown to modulate lipid concentrations.
Specifically, nonbiological DMARDs have been reported to
decrease the lipid concentrations in RA patients.!®

Tocilizumab initiation has been associated with a gradual
decrease and stabilization of low-density lipoproteins when
compared with noninitiators after 2 years of treatment.” In
addition, low doses of atorvastatin have also been reported
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TABLE 3 Unadjusted and Adjusted Hazard Ratios

for Mortality Associated with Statin Use

Follow-up Time ‘ Hazards Ratio 95% ClI P Value
Unadjusted
1-year follow-up 0.64 (0.39-1.07) 0.092
2-year follow-up 0.68 (0.45-1.02) 0.064
3-year follow-up 0.60 (0.42-0.85) 0.005
Total follow-up 0.70 (0.55-0.89) 0.004
Adjusted
1-year follow-up 0.66 (0.39-1.10) 0.115
2-year follow-up 0.71 (0.47-1.07) 0.103
3-year follow-up 0.63 (0.44-0.90) 0.011
Total follow-up 0.72 (0.56-0.91) 0.008

Note: Adjusted for age, gender, BMI, comorbidities and medication use.
BMI=body mass index.

to decrease lipid levels in RA patients diagnosed with dys-
lipidemia when therapy is provided with proper control of
chronic inflammation and disease activity.?’ Apolipoprotein
B levels have also been reported to decrease when patients
were administered 1 year of rosuvastatin treatment in
comparison with placebo.?’ The lipid-lowering properties
of statins can be another theoretical explanation of the
reported benefit of decreased mortality among statin-
initiating RA patients reported in this study.

The cardioprotective effects offered by statins in
the general population may be accredited to their lipid-
lowering properties; however, there is evidence that their
remedial attributes expand beyond lipid-lowering into
anti-inflammatory properties in RA patients. Specifically,
atorvastatin has been reported to improve disease activity
score and acute phase reactants in RA patients when com-
pared with placebo or when provided in conjunction with
DMARDs."”?2 Similar to atorvastatin, simvastatin treatment
has also been found to reduce serum markers of inflam-
mation in RA patients.?® A recent meta-analysis highlighted
potential inflammation-modulating properties of statins
and reported an association of statins with swollen joint
count, c-reactive protein, erythrocyte sedimentation rate,
and several other clinical parameters of RA.%*

Although meaningful, most of the studies investigating
anti-inflammatory properties of statins had a different pri-
mary end point. The patient population involved in most of
these studies were on a combination of different immuno-
suppressant drugs, so any effect on systemic inflammation
cannot be attributed solely to statins. Thus, the anti-
inflammatory properties of statins in RA patients need

further investigation. The probable anti-inflammatory
effect of statins can be another theoretical explanation of
the reported benefit of decreased mortality among statin-
initiating RA patients in this study.

Thus, we believe that the decrease in all-cause mortality
in statin users when compared with their counterparts
as demonstrated in this study can be attributable to a
combined effect of statins in improving vascular function,
lowering lipid concentrations, and decreasing inflammation
in RA patients.

STRENGTHS

A major strength of this study was the inclusion of par-
ticipants who are often excluded from clinical trials, thus,
realizing goals of real-world evidence generation. For
instance, the high proportion of women included in our
study coincides with the usual higher proportion of women
suffering from RA when compared with men. Incident
user design was used over prevalent user design to mini-
mize confounding and resulting bias. The prevalent user
design includes patients who are already on treatment
before the beginning of the study, whereas incident user
design includes new users of the treatment at the start of
the study. Incident user design helps alleviate 2 types of
biases: (1) prevalent users have survived the earlier pharma-
cotherapy, which can cause selection bias, and (2) different
covariates for treatment users might be possibly affected
by the treatment at study initiation. Incident user design
ensures that all patient characteristics are measured before
treatment initiation, thus, dramatically reducing the oppor-
tunity for investigators to adjust for variables that are in the
causal pathway.

Another strength of this study was large sample size,
with diverse clinical and demographic data making results
more generalizable across the population. In addition,
propensity score matching was used to better compare
cohorts and minimize confounding. Comparison cohorts
were propensity score matched within the same calendar
year to account for confounding by indication and time
trends in treatment recommendations. The difference
of results in unmatched and unadjusted cohorts when
compared with matched and adjusted cohorts revealed
that there was significant confounding by indication and
that matching and adjusting for confounders was a good
approach to handle the said confounding (Figure 2 and
Supplementary Figure 2, available in online article).

Logistic regression and Cox proportional hazards regres-
sion were employed to determine the association of statin
initiation and all-cause mortality in order to corroborate
the results from each modelling technique.
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LIMITATIONS

Our study is subject to limitations
inherent in observational studies.
There is potential for misclassification
of diagnosis, since RA patients were
identified using ICD codes, which have
high validity for RA patients, but there
is still a small chance of misclassifica-
tion. Previous studies used ICD codes
only to identify RA patients and found
no difference in outcomes when com-
pared with the other identification
methods."

Our results might be susceptible
to confounding, since the informa-
tion from the databases did not allow
us to adjust for all known poten-
tial confounders. TFor instance,
certain comorbidities of potential
interest, such as hyperlipidemia or
stable angina, were not included in
the analysis. In addition, we cannot
exclude the possibility that there
was residual or unknown confound-
ing even after matching for known
confounders. Also, all individuals with
missing information for any vari-
able were excluded from the eligible
patient cohort, which could possibly
lead to biased results. Further studies
can focus on imputation techniques
to better control for these missing
values. Also, treatment characteristics
of the studied cohort, especially low
baseline use of DMARDs and NSAIDs,
may limit the generalizability of the
results to other RA populations.

Several unexpected associations
were found between variables, such
as insulin use and all-cause mortal-
ity, which shows that cause-specific
mortality would have been a better
endpoint, but we were unable to
examine cause-specific mortality,
since these data are generally incom-
plete in the University of Utah EDW.
Further studies can focus on cause-
specific mortality to better assess and
evaluate this association.
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Conclusions

Our population-based study of RA
patients with incident statin use
demonstrated a decreased risk of
all-cause mortality associated with
statin initiation when compared with
the counterparts. Accordingly, we
believe that these results provide
strong rationale for conducting bigger
observational or interventional stud-
ies in order to validate the findings. In
addition, decision makers and provid-
ers should consider these results and
support integration of statin use in
current clinical guidelines for deliv-
ering better quality health care to RA
patients.
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