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ABSTRACT

Introduction: This pragmatic non-inferiority
study assessed quality of care within a nurse-led
care (NLC) model for stable patients with
rheumatoid arthritis (RA) compared to the tra-
ditional rheumatologist-led care (RLC) model.

Methods: Data were collected through a
chart review. Baseline demographic and clinical
characteristics were compared using Chi-square
test and t test. The primary outcome measure
was the percentage of patients being in remis-
sion or low disease activity (R/LDA) with the
Disease Activity Score (DAS-28) B 3.2 at 1-year
follow-up. Process measures included the
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percentages of patients with chart documenta-
tion of (1) comorbidity screening; (2) education
on flare management, and (3) vaccinations
screening. Outcomes were summarized using
descriptive statistics.
Results: Each group included 124 patients. At
baseline, demographic and clinical characteris-
tics were comparable between the groups for
most variables. Exceptions were the median
(Q1, Q3) Health Assessment Questionnaire
Disability Index scores [0 (0, 0.25) in NLC and
0.38 (0, 0.88) in RLC, p = 0.01], and treatment
patterns with 3% of NLC and 38% of RLC
patients receiving a biologic agent, p = 0.01.
NLC was non-inferior to RLC with 97% of NLC
and 92% of RLC patients being in R/LDA at
1-year follow-up. Patients in the NLC group had
better documentation across all process
measures.
Conclusions: This study provided real-world
evidence that the evaluated NLC model pro-
viding protocolized follow-up care for
stable patients with RA is effective to address
patients’ needs for ongoing disease monitoring,
chronic disease management, education, and
support.

Keywords: Delivery of health care; Quality of
health care; Health services research; Nurse-led
care; Outcome and process assessment;
Rheumatoid arthritis

Key Summary Points

New models of care for stable patients
with inflammatory arthritis are proposed
as a solution to the challenges of scarce
rheumatology healthcare resources.

This study provided real-world evidence
that nurse-led care was at least as effective
as rheumatologist-led care.

Nurse-led care was also associated with
higher documentation of comorbidities
screening, education about flares
management, and vaccination screening.

Overall, a nurse-led care model
where registered nurses provide
protocolized follow-up care for
stable patients with rheumatoid arthritis
represents an effective strategy of
addressing the patients’ needs for ongoing
disease monitoring, chronic disease
management, education, and support.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic debili-
tating disease that affects 0.5–1.0% of the pop-
ulation worldwide [1, 2]. There are high rates of
comorbid conditions in RA including cardio-
vascular diseases, pulmonary diseases, diabetes,
osteoporosis, and depression; all contributing to
substantial patient complexity [3, 4]. For opti-
mal outcomes, patients with RA require timely
diagnosis and therapy, and life-long specialty
care [5–7]. Without continuous rheumatology
follow-up, quality of care for patients with RA
may decrease, as evidenced by the suboptimal
use of conventional synthetic disease-modify-
ing anti-rheumatic drugs (csDMARDs) [8, 9].
Thus, regular follow-up with a rheumatologist is
the current gold standard of care for patients
with RA [5–7]. Nonetheless, the capacity of
rheumatology care in many regions is insuffi-
cient to provide ongoing continuous specialty

1264 Rheumatol Ther (2021) 8:1263–1285



T
ab
le

1
C
om

pa
ri
so
n
of

m
od
el
s
of

ca
re

in
th
e
N
L
C

an
d
R
L
C

gr
ou
ps

[3
5]

N
L
C

gr
ou

p
R
L
C

gr
ou

p

1.
R
at
io
na
le
fo
r
th
e
m
od
el
’s

im
pl
em

en
ta
ti
on

Sh
or
ta
ge

of
rh
eu
m
at
ol
og
is
ts
[1
1]

FU
of

st
ab
le
pa
ti
en
ts
ab
so
rb
sr
he
um

at
ol
og
is
ts
’c
ar
e
ca
pa
ci
ty
[3
6]
,l
im

it
in
g
th
ei
r
ab
ili
ty
to

ac
ce
pt

ne
w
an
d
ur
ge
nt

pa
ti
en
ts
in

a
ti
m
el
y
m
an
ne
r

In
cr
ea
se
d
co
m
pl
ex
it
y
of

pa
ti
en
ts
du
e
to

co
m
or
bi
di
ti
es

an
d
ne
ed

fo
r
ch
ro
ni
c
di
se
as
e

m
an
ag
em

en
t
[3
,4

]

A
tr
ad
it
io
na
l
hi
st
or
ic
al
ly
em

er
ge
d
m
od
el
of

ca
re

2.
G
oa
ls
of

th
e
m
od
el
’s

de
ve
lo
pm

en
t
an
d

im
pl
em

en
ta
ti
on

Pr
ov
id
e
eq
ui
va
le
nt

FU
ca
re

an
d
di
se
as
e
m
on
it
or
in
g
fo
r
st
ab
le
pa
ti
en
ts
as

co
m
pa
re
d
to

tr
ad
it
io
na
l
R
L
C

Pr
ov
id
e
co
m
or
bi
di
ty

sc
re
en
in
g
an
d
lif
es
ty
le
co
un

se
lin

g
fo
r
st
ab
le
pa
ti
en
ts

In
cr
ea
se

ca
pa
ci
ty

fo
r
rh
eu
m
at
ol
og
y
ca
re

Pr
ov
id
e
FU

ca
re

an
d
di
se
as
e
m
on
it
or
in
g
fo
r
st
ab
le
pa
ti
en
ts

3.
M
od
el
’s
de
ve
lo
pm

en
t

D
ev
el
op
ed

by
a
rh
eu
m
at
ol
og
is
t
an
d
2
R
N
s
at

si
te

A

D
ev
el
op
m
en
t
in
cl
ud
ed
:

Pr
ac
ti
ce

au
di
t
to

id
en
ti
fy

el
ig
ib
le
pa
ti
en
ts

D
efi
ni
ng

th
e
pr
oc
es
s
(i
.e
.,
bo
ok
in
g
pr
oc
es
s,
cl
in
ic
co
nd

uc
t,
da
ta

ca
pt
ur
e,

co
m
m
un

ic
at
io
n)

D
ev
el
op
m
en
t
of

th
e
in
fr
as
tr
uc
tu
re

(i
.e
.,
bo
ok
in
g
sy
st
em

,f
or

on
go
in
g
pa
ti
en
t
ca
re
,

E
M
R
,e
du
ca
ti
on
al
an
d
co
m
m
un

ic
at
io
n
m
at
er
ia
ls)

A
tr
ad
it
io
na
l
hi
st
or
ic
al
ly
em

er
ge
d
m
od
el
of

ca
re

4.
M
od
el
’s
im

pl
em

en
ta
ti
on

N
eg
ot
ia
ti
on

of
fu
nd

in
g

T
ra
in
in
g
of

st
af
f

Id
en
ti
fic
at
io
n
an
d
re
cr
ui
tm

en
t
of

pa
ti
en
ts

E
st
ab
lis
he
d
in

A
pr
il
20
14

A
tr
ad
it
io
na
l
hi
st
or
ic
al
ly
em

er
ge
d
m
od
el
of

ca
re

Rheumatol Ther (2021) 8:1263–1285 1265



T
a
b
le

1
co
n
ti
n
u
ed

N
L
C

gr
ou

p
R
L
C

gr
ou

p

5.
R
he
um

at
ol
og
y
st
af
f

2
FT

E
rh
eu
m
at
ol
og
is
ts

2
FT

E
R
N
s

1
FT

E
L
PN

3
FT

E
cl
er
ks

0.
5
FT

E
ph
ar
m
ac
is
t

8
FT

E
rh
eu
m
at
ol
og
is
ts

0.
4
FT

E
nu

rs
e-
pr
ac
ti
ti
on
er

3.
8
FT

E
R
N
s

1.
8
FT

E
lic
en
se
d
pr
ac
ti
ce

nu
rs
es

5
FT

E
cl
er
ks

0.
8
ph
ys
io
th
er
ap
is
t

0.
5
FT

E
ph
ar
m
ac
is
t

6.
N
ur
se
s’
ex
pe
ri
en
ce

pr
io
r
to

th
e
m
od
el
’s

im
pl
em

en
ta
ti
on

R
N
s

O
ve
r
10

ye
ar
s
of

ex
pe
ri
en
ce

in
rh
eu
m
at
ol
og
y

E
xp
er
ie
nc
e
va
ri
ed

7.
N
ur
se
s’
tr
ai
ni
ng

du
ri
ng

th
e

m
od
el
’s
im

pl
em

en
ta
ti
on

A
ye
ar
-lo

ng
tr
ai
ni
ng

w
as

in
co
rp
or
at
ed

in
th
e
re
gu
la
r
w
or
k
of

th
e
te
am

N
ur
se
s
w
er
e
m
en
to
re
d
by

th
e
rh
eu
m
at
ol
og
is
t
an
d
pa
rt
ic
ip
at
ed

in
cl
in
ic
s
un

de
r

rh
eu
m
at
ol
og
is
t
su
pe
rv
is
io
n
to

le
ar
n
an
d
pr
ac
ti
ce
:

A
ss
es
sm

en
t
an
d
in
te
rp
re
ta
ti
on

of
di
se
as
e
ac
ti
vi
ty

us
in
g
th
e
D
A
S-
28

to
ol

In
te
rp
re
ta
ti
on

of
re
le
va
nt

la
bo
ra
to
ry

te
st
s

R
ec
og
ni
ti
on

of
si
tu
at
io
ns

w
he
n
ch
an
ge
s
in

th
er
ap
y
ar
e
ne
ed
ed

A
ss
es
sm

en
t
of

im
po
rt
an
t
co
m
or
bi
di
ti
es

an
d
un

de
rs
ta
nd

in
g
of

re
le
va
nt

m
ed
ic
at
io
ns

A
dv
an
ce
d
R
he
um

at
ol
og
y
C
ou
rs
e
[3
7]

N
ot

ap
pl
ic
ab
le

8.
C
on
ti
nu

in
g
tr
ai
ni
ng

fo
r

nu
rs
es

af
te
r
th
e
m
od
el
’s

im
pl
em

en
ta
ti
on

W
ee
kl
y
rh
eu
m
at
ol
og
y
ro
un

ds
an
d
ye
ar
ly
w
or
ks
ho
ps

fo
r
A
lli
ed

H
ea
lth

C
ar
e
pr
ov
id
er
s

So
m
e
nu

rs
es

at
te
nd

ed
an

ad
va
nc
ed

tr
ai
ni
ng

fo
r
A
lli
ed

H
ea
lth

C
ar
e
pr
ov
id
er
s

1266 Rheumatol Ther (2021) 8:1263–1285



T
a
b
le

1
co
n
ti
n
u
ed

N
L
C

gr
ou

p
R
L
C

gr
ou

p

9.
Pr
ov
id
er
s
in
vo
lv
ed

in
ca
re

fo
r
st
ab
le
pa
ti
en
ts

R
he
um

at
ol
og
is
t

R
N

L
PN

O
th
er

he
al
th
ca
re

pr
of
es
si
on
al
s
(e
.g
.,
ph
ar
m
ac
is
t,
so
ci
al
w
or
ke
r)

ar
e
av
ai
la
bl
e
up
on

re
qu
es
t
as

re
qu
ir
ed

R
he
um

at
ol
og
is
t

M
ay

al
so

in
cl
ud
e:

R
N

L
PN

O
th
er

he
al
th
ca
re

pr
of
es
si
on
al
s
(e
.g
.,
ph
ar
m
ac
is
t,
ph
ys
io
th
er
ap
is
t,
so
ci
al
w
or
ke
rs
)

ar
e
av
ai
la
bl
e
up
on

re
qu
es
t
as

re
qu
ir
ed

10
.R

he
um

at
ol
og
is
t’s

ro
le
s

A
rh
eu
m
at
ol
og
is
t
w
ou
ld
se
e
ea
ch

pa
ti
en
ti
n
th
e
N
L
C
gr
ou
p.
A
t
th
e
en
d
of

th
e
vi
si
tw

it
h

a
nu

rs
e,
a
rh
eu
m
at
ol
og
is
t
w
ou
ld

sp
en
d
ab
ou
t
5
m
in

w
it
h
th
e
pa
ti
en
t
an
d
th
e
nu

rs
e,

un
le
ss
du
e
to

an
y
m
or
e
ti
m
e
is
re
qu
ir
ed

R
ev
ie
w
in
g
di
se
as
e
st
at
us

w
it
h
th
e
nu

rs
e

A
dd
re
ss
in
g
nu

rs
e’
s
an
d
pa
ti
en
t’s

qu
es
ti
on
s
if
ne
ed
ed

Pr
ov
id
in
g
pr
es
cr
ip
ti
on
s

E
xa
m
in
in
g
th
e
pa
ti
en
t,
ad
ju
st
in
g
th
er
ap
y,
an
d
le
ad
in
g
pa
ti
en
t
FU

if
re
qu
ir
ed

(e
.g
.,

pa
ti
en
t’s

di
se
as
e
is
no
t
st
ab
le
,i
nc
re
as
ed

le
ve
l
of

pa
ti
en
t’s

co
m
pl
ex
it
y
du
e
to

co
m
or
bi
di
ti
es
,p

re
gn
an
cy
,a
nd

ot
he
r
re
as
on
s)

E
xa
m
in
in
g
pa
ti
en
t

A
dj
us
ti
ng

th
er
ap
y
if
ne
ed
ed

Pr
ov
id
in
g
pr
es
cr
ip
ti
on
s

C
om

m
un

ic
at
in
g
w
it
h
PC

Ps
th
ro
ug
h
le
tt
er
s

Pr
ov
id
in
g
re
fe
rr
al
s
to

ot
he
r
he
al
th
ca
re

pr
ov
id
er
s
an
d/
or

m
ed
ic
at
io
n
cl
as
se
s
if

ne
ed
ed

Rheumatol Ther (2021) 8:1263–1285 1267



T
a
b
le

1
co
n
ti
n
u
ed

N
L
C

gr
ou

p
R
L
C

gr
ou

p

11
.N

ur
se
’s
ro
le
s

D
ur
in
g
pa
ti
en
t’s

vi
si
t:

R
ec
or
di
ng

de
ta
ils

in
E
M
R

R
ev
ie
w
in
g
th
e
st
at
e
of

th
e
rh
eu
m
at
ic
di
se
as
e
an
d
ot
he
r
m
ed
ic
al
is
su
es
ov
er
th
e
pa
st
ye
ar

R
ev
ie
w
in
g
m
ed
ic
at
io
ns

an
d
si
de

ef
fe
ct
s

R
ev
ie
w
in
g
la
bo
ra
to
ry

te
st
in
g
re
su
lts
,f
re
qu
en
cy

of
an
d
ad
he
re
nc
e
to

la
bo
ra
to
ry

te
st
in
g

E
xa
m
in
in
g
pa
ti
en
t
in
cl
ud
in
g
66

sw
ol
le
n
an
d
te
nd

er
jo
in
t
co
un

t,

R
ev
ie
w
in
g
H
A
Q
-D

I
sc
or
es

an
d
di
sc
us
si
ng

re
su
lts

w
it
h
th
e
pa
ti
en
t,

C
al
cu
la
ti
ng

D
A
S-
28

A
ss
es
si
ng

C
V
D

di
se
as
e
ri
sk

by
ca
lc
ul
at
in
g
Fr
am

in
gh
am

sc
or
e
[3
8]

If
ap
pr
op
ri
at
e,
as
se
ss
in
g
th
e
ri
sk

of
os
te
op
or
os
is
by

ca
lc
ul
at
in
g
FR

A
X

sc
or
e
[3
9]

A
ss
es
si
ng

pa
ti
en
t’s

lif
es
ty
le
(e
.g
.,
ph
ys
ic
al
ac
ti
vi
ty
,d

ie
t,
em

ot
io
na
l
w
el
l-b

ei
ng
,a
nd

sm
ok
in
g
st
at
us
)

If
ne
ed
ed
,a
dv
is
in
g
on

sm
ok
in
g
ce
ss
at
io
n

A
ss
es
si
ng

va
cc
in
at
io
n
st
at
us

an
d
ad
vi
si
ng

on
be
ne
fit
s
of

va
cc
in
at
io
ns

Pr
ov
id
in
g
ed
uc
at
io
n
ab
ou
t
th
e
di
se
as
e,
fla
re
s,
an
d
se
lf-
m
an
ag
em

en
t
us
in
g
a
st
an
da
rd
iz
ed

br
oc
hu
re

de
ve
lo
pe
d
by

th
e
si
te

A
te
am

Pr
ov
id
in
g
ed
uc
at
io
n
ab
ou
t
th
e
in
cr
ea
se
d
ri
sk

of
co
m
or
bi
di
ti
es

as
so
ci
at
ed

w
it
h
R
A

th
ro
ug
h
st
an
da
rd
iz
ed

br
oc
hu
re
s,
di
sc
us
si
on
s
w
it
h
pa
ti
en
ts
,a
nd

re
co
m
m
en
da
ti
on
s
to

vi
si
t
a
PC

P
fo
r
on
go
in
g
ri
sk

as
se
ss
m
en
t
an
d
m
an
ag
em

en
t

R
ev
ie
w
in
g
pa
ti
en
t
st
at
us

w
it
h
th
e
rh
eu
m
at
ol
og
is
t

E
ns
ur
in
g
re
ne
w
al
of

pr
es
cr
ip
ti
on
s
an
d
la
bo
ra
to
ry

te
st
re
qu
is
it
io
ns

C
om

m
un
ic
at
in
g
w
it
h
PC

Ps
us
in
g
st
an
da
rd
iz
ed

re
po
rt
in
g
le
tt
er
ge
ne
ra
te
d
fr
om

th
e
da
ta

co
lle
ct
io
n
fo
rm

Pr
ov
id
in
g
re
fe
rr
al
s
to

ot
he
r
he
al
th
ca
re

pr
ov
id
er
s
an
d/
or

m
ed
ic
at
io
n
cl
as
se
s
if
ne
ed
ed

Pr
ov
id
in
g
ph
on
e
co
ns
ul
ta
ti
on

be
tw
ee
n
vi
si
ts
if
ne
ed
ed

N
ur
se
s
m
ay

as
si
st
rh
eu
m
at
ol
og
is
t
du
ri
ng

FU
vi
si
ts
as

ne
ed
ed

R
ol
es

m
ay

in
cl
ud
e:

R
ec
or
di
ng

of
pa
ti
en
t
vi
ta
ls

Pa
ti
en
t
ed
uc
at
io
n

A
ss
es
sm

en
t
of

pa
ti
en
t

A
ss
is
ta
nc
e
w
it
h
pr
oc
ed
ur
es

A
ss
is
ta
nc
e
w
it
h
ob
ta
in
in
g
co
ve
ra
ge

fo
r
m
ed
ic
at
io
n

1268 Rheumatol Ther (2021) 8:1263–1285



T
a
b
le

1
co
n
ti
n
u
ed

N
L
C

gr
ou

p
R
L
C

gr
ou

p

12
.L

PN
’s
ro
le

R
ec
or
di
ng

pa
ti
en
t
vi
ta
ls

Su
pp
or
ti
ng

flo
w
of

co
nc
ur
re
nt

cl
in
ic
s

Sa
m
e
as

nu
rs
es

bu
t
do

no
t
do

a
pa
ti
en
t
as
se
ss
m
en
t

13
.P

at
ie
nt
s’
ro
le

Se
lf-
m
an
ag
em

en
t
be
tw
ee
n
vi
si
ts

C
on
ta
ct
in
g
cl
in
ic
in

ca
se

of
a
fla
re

Se
lf-
m
an
ag
em

en
t
be
tw
ee
n
vi
si
ts

14
.F

re
qu
en
cy

of
FU

E
ve
ry

12
m
on
th
s
fo
r
st
ab
le
pa
ti
en
ts

In
be
tw
ee
n
vi
si
ts
,p

at
ie
nt
s
ha
ve

ac
ce
ss
to

ph
on
e
ad
vi
ce

fr
om

nu
rs
es

if
ne
ed
ed

FU
in
te
rv
al
s
in

ca
se
of

ac
ti
ve

di
se
as
e
ar
e
at
th
e
di
sc
re
ti
on

of
th
e
tr
ea
ti
ng

rh
eu
m
at
ol
og
is
t

FU
in
te
rv
al
s
fo
r
st
ab
le
pa
ti
en
ts
ar
e
at
th
e
di
sc
re
ti
on

of
th
e
tr
ea
ti
ng

rh
eu
m
at
ol
og
is
t,

co
m
m
on
ly
ev
er
y
6
to

12
m
on
th
s

In
be
tw
ee
n
vi
si
ts
,p
at
ie
nt

co
nc
er
ns

ar
e
di
re
ct
ed

th
ro
ug
h
th
e
rh
eu
m
at
ol
og
is
ts
’o
ffi
ce

or
di
re
ct
ed

to
nu

rs
es

w
or
ki
ng

in
bi
ol
og
ic
s
cl
in
ic
s
fo
r
th
os
e
pa
ti
en
ts
w
ho

ar
e

tr
ea
te
d
w
it
h
a
bi
ol
og
ic
ag
en
t

FU
in
te
rv
al
s
in

ca
se

of
ac
ti
ve

di
se
as
e
ar
e
at

th
e
di
sc
re
ti
on

of
th
e
tr
ea
ti
ng

rh
eu
m
at
ol
og
is
t

15
.D

ur
at
io
n
of

FU
vi
si
t

30
m
in

un
le
ss
un

st
ab
le

15
–2

0
m
in

un
le
ss
un

st
ab
le

16
.D

at
a
co
lle
ct
io
n

St
an
da
rd
iz
ed

da
ta

co
lle
ct
io
n
fo
rm

th
ro
ug
h
E
M
R
de
ve
lo
pe
d
by

th
e
rh
eu
m
at
ol
og
y
te
am

at
si
te

A

E
M
R
fo
llo
w
s
th
e
pr
ot
oc
ol
ou
tli
ni
ng

st
ep
s
an
d
pr
oc
ed
ur
es
fo
r
on
go
in
g
pa
ti
en
t
ca
re
us
ed

in
th
e
cl
in
ic

E
M
R
in
cl
ud
es

fie
ld
s
su
ch

as
pa
ti
en
t
ph
ys
ic
al
ac
ti
vi
ty

le
ve
ls,

sc
re
en
in
g
fo
r
C
V
D

di
se
as
e

an
d
os
te
op
or
os
is
,v
ac
ci
na
ti
on
s
st
at
us
,s
m
ok
in
g
st
at
us

an
d
sm

ok
in
g
ce
ss
at
io
n

co
un

se
lli
ng
,p

at
ie
nt
’s
ed
uc
at
io
n
an
d
co
m
m
un

ic
at
io
n
w
it
h
PC

Ps

E
M
R
is
sh
ar
ed

by
al
l
m
em

be
rs
of

th
e
rh
eu
m
at
ol
og
y
te
am

to
fa
ci
lit
at
e
on
go
in
g

co
m
m
un

ic
at
io
n

N
o
st
an
da
rd
iz
ed

da
ta

co
lle
ct
io
n
ap
pr
oa
ch

Pa
pe
r
ch
ar
ts
an
d
E
M
R
ar
e
us
ed

ba
se
d
on

rh
eu
m
at
ol
og
is
ts
’p

re
fe
re
nc
es

17
.C

om
m
un
ic
at
io
n
w
it
h

PC
Ps

St
an
da
rd
iz
ed

re
po
rt
in
g
le
tt
er

ge
ne
ra
te
d
by

th
e
nu

rs
e
fr
om

th
e
E
M
R

L
et
te
rs
ar
e
re
vi
ew

ed
by

th
e
rh
eu
m
at
ol
og
is
t

Fi
na
liz
ed

le
tt
er
s
ar
e
se
nt

by
th
e
nu

rs
e

L
et
te
rs
w
it
h
no

st
an
da
rd
iz
ed

re
po
rt
in
g

L
et
te
rs
ar
e
w
ri
tt
en

an
d
se
nt

by
th
e
rh
eu
m
at
ol
og
is
t

Rheumatol Ther (2021) 8:1263–1285 1269



care for established patients and timely access to
care for new and urgent patients [10, 11].

Innovative models of care delivery have the
potential to increase rheumatology care capac-
ity as well as improve the quality of patients’
care [12]. Shared care is one example of an
innovative model. In shared care, non-physi-
cian care providers and/or general medicine
physicians with an extended scope of practice
work in an alternative role to provide regular
patient follow-up in lieu of specialists [13–15].
Besides, they may work in a complementary
role to provide additional healthcare services
(e.g., screening for comorbidities, psychological
support, lifestyle management, and supporting
patients in the development of skills and con-
fidence for self-management) [13–15]. For
instance, shared care models led by nurses,
nurse-led care (NLC), for the follow-up of
patients with RA were shown to be at least as
effective, safe, and acceptable to patients as
compared to rheumatologist-led care (RLC) fol-
low-up [12, 13, 16, 17]. However, the full range
of effects of NLC models on quality of care for
patients with RA has yet to be explored [13].
Similar to other complex health interventions,
NLC affects multiple dimensions of quality of
care [13] with some outcomes (e.g., patient
knowledge, confidence for self-management,
and satisfaction with care) being more difficult
to measure [15, 18]. Research is needed to assess
complex effects on the quality of care associated
with both alternative and complementary
aspects of NLC [15].

This study aimed to assess the quality of care
within a collaborative NLC model for stable pa-
tients with RA compared to the traditional RLC
model using a structured evaluation framework
with outcome and process quality measures.

METHODS

This was a non-inferiority retrospective cohort
study at two separate urban rheumatology
clinical sites within a single academic center in
Alberta, Canada, with a catchment area with
over 1,500,000 people. There are approximately
3,500 and 14,000 patient visits per year at site A
and site B, respectively. Both sites offer generalT
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Table 2 Summary of the assessed clinical characteristics and quality measures

Quality measures Details

Full description Abbreviated titlea

Primary outcome measure

Patients in R/LDA at 1-year FU visit Patients in R/LDA

at 1-year FU

Patients who did not have a 1-year FU visit and/or their

DAS-28 was not reported or could not be calculated

were excluded

Secondary outcome measure

Visits where patients were in R/LDA Visits with R/LDA Visits where DAS-28 was not reported or could not be

calculated were excluded

Clinical characteristics

HAQ-DI at 1-year FU visit HAQ-DI at 1-year

FU

Patients who did not have a 1-year FU visit and/or their

HAQ-DI score was not reported or could not be

calculated were excluded

DAS-28 at 1-year FU visit DAS-28 at 1-year

FU

See details on ‘Patients in R/LDA at 1-year FU’

Process measures

Visits where patients were not in R/LDA with a change

in medications made at that visit

Not-R/LDA visits

with a change in

medications

See details on ‘Visits where patients were in R/LDA’

Days to rheumatologist assessment after contacting the

rheumatology team about the disease flare

Days to assessment

after flare

Patients who had an explicit record when they

contacted the rheumatology team about the flare

were included

Patients with gaps in care of[ 12 months between 2

consecutive visits

Gaps in

care[ 12 months

Patients with gaps in care of[ 14 months between 2

consecutive visits

Gaps in

care[ 14 months

Patients with at least 1 chart documentation on the

education about RA flares and when to contact the

clinic in case of a flare

RA flares education Patients with explicit records of patients’ education

about RA flares (e.g., ‘‘information on RA flares and

contacting the clinic was provided’’, ‘‘patent was

advised when to contact the clinic in case of a flare’’)

were included in the numerator

Patients with at least 1 chart documentation on the

rheumatology team’s communication of the

associated with RA increased CVD risk to the PCP

CVD risk

communicated to

PCP

Patients with explicit records of the rheumatology

team’s communication of the associated with RA

increased CVD risk to the PCP (e.g., ‘‘RA is

associated with increased CVD risk’’) were included

in the numerator

Patients with at least 1 chart documentation on their

smoking and tobacco use status

Smoking and

tobacco use status

Patients with a documented lifelong non-smoker and

ex-smoker status before or at the baseline visit were

excluded
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Table 2 continued

Quality measures Details

Full description Abbreviated titlea

Patients who were current smokers or tobacco users

with at least 1 chart documentation on the smoking

cessation counseling done by the rheumatology team,

%

Smoking cessation

counseling, %

Patients with explicit records of the smoking cessation

counselling (e.g., ‘‘Patient was advised about smoking

cessation’’, ‘‘Patient is not interested in smoking

cessation’’) were included in the numerator

Visits with BP measured and documented in the

medical chart, %

BP documented, % Visits of patients with a lower recommended threshold

due to diabetes or chronic kidney disease were

excluded

Patients whose BP was measured and documented in

the medical record at C 80% of clinic visits, %

BP documented

at C 80% of

visits, %

See details on ‘BP documented’’

Patients[ 50 years with at least 1 chart documentation

on the education about the associated with RA

increased risk of osteoporosis and/or fractures

Education about

osteoporosis and/

or fractures

Patients with explicit recording of patients’ education

about osteoporosis and/or fractures, their diagnosis

and/or treatment (e.g., ‘‘risk of osteoporosis and/or

fractures was discussed with the patient’’, ‘‘patient was

advised to have their bone density scan done’’,

‘‘benefits of calcium and vitamin D were discussed’’)

were included in the numerator

Patients with at least 1 chart documentation discussing

benefits of vaccinations

Benefits of

vaccinations

discussed

Patients with explicit records of the vaccination status

and/or patient’s education about vaccinations (e.g.,

‘patient received annual flu vaccine’’, ‘‘patient refuses

to be vaccinated’’, ‘‘benefits of vaccination were

discussed’’, ‘‘patient was advised to get a flu shot’’)

were included in the numerator

Patients with at least 1 chart documentation about

being vaccinated with an influenza vaccine

Patients vaccinated

with an influenza

vaccine

Patients with explicit records of vaccination status with

an influenza vaccine were included in the numerator

Patients treated with hydroxychloroquine with at least 1

chart documentation on reminders for

ophthalmologist yearly FU

Ophthalmology FU

reminders

Patients with explicit records of ophthalmologist FU

and/or the rheumatology team’s reminder to book an

appointment with an ophthalmologist (e.g., ‘‘the

patient saw an ophthalmologist a month ago’’, ‘‘the

patient was reminded to book a FU appointment

with an ophthalmologist’’) were included in the

numerator

BP blood pressure, CVD cardiovascular disease, DAS-28 disease activity score-28, FU follow-up, HAQ-DI Health Assessment Ques-
tionnaire Disability Index, % percentage, PCP primary care provider, R/LDA remission or low disease activity, RA rheumatoid arthritis
a Abbreviated titles were used in Table 4
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rheumatology clinics as well as sub-speciality
clinics. At site A, stable patients with inflam-
matory arthritis have a choice to be followed by
nurses in NLC clinics, which are offered once or
twice a week.

Models of Care Delivery

The groups of patients included in the study
were cared for in two models of care delivery—
NLC (site A) and RLC (site B). Characteristics of
the models of care are shown in Table 1.

In the NLC model, registered nurses act in an
alternative role to monitor patients’ disease
activity in lieu of a rheumatologist; and in
complementary roles to provide patients
comorbidity screening and education, as well as
to support standardized clinic documentation
and communication with primary care provi-
ders (PCPs). During patients’ visits, nurses fol-
low a protocol outlining steps and procedures
for ongoing care. The protocol includes a review
of the patient’s rheumatic disease and other
health conditions over the last year; wellness
and lifestyle assessment; rheumatic disease
activity assessment; patient education; and, if
appropriate, comorbidity screening. Next, a
rheumatologist reviews the patient’s arthritis
status with the nurse, examines the patient if
indicated, and renews prescriptions. If the
patient’s disease is not well controlled, the
rheumatologist adjusts treatment as needed and
the next appointment would be scheduled in
the RLC model. Patients return to the NLC
again if they remain stable for at least 6 months.
Visit results are recorded in a standardized
electronic medical record (EMR) and commu-
nicated to the patient’s PCP. In between yearly
visits, patients have access to phone advice from
nurses if needed. In case of a flare, patients are
advised to call the clinic and arrange an
appointment with a rheumatologist.

Patients in the RLC group were cared for by
their rheumatologists at site B. At site B, nursing
roles in the follow-up stable patients are not
protocolized and vary based on the needs of
rheumatologists and availability of staff during
clinics. Site B also offers education classes on
arthritis, the associated risk of comorbidities,

and wellness; however, no standardized proto-
cols for comorbidity screening, patient educa-
tion, or lifestyle assessment during follow-up
visits for stable patients are available. At site B,
patient concerns were directed through the
rheumatologists’ office.

Patient Population

At site A, patients who would be eligible for the
NLC were identified by their treating rheuma-
tologist. Patients were considered to be eligible
if they: (1) had no more than 1 visit to the
rheumatologist during the previous year; (2)
were in remission or low disease activity (R/
LDA) according to Disease Activity Score-28
(DAS-28) for at least 12 months; (3) did not
require any changes in medications, and were
not treated with oral corticosteroid therapy for
RA during the previous visit; (4) did not have
multiple unmanaged comorbidities or demen-
tia, and (5) were not pregnant or planning a
pregnancy (Supplementary Material). For eligi-
ble consenting patients, their next appoint-
ments were scheduled in the NLC.

In the present study, the first 124 consecu-
tive patients with RA that (1) were seen in the
NLC after April 1, 2014; (2) agreed to continue
follow-up in the NLC; (3) were in R/LDA
according to DAS-28 at the first visit in the NLC;
(4) were not pregnant or planning a pregnancy;
and (5) did not move over the follow-up time
were included in the analysis.

Patients with RA under RLC at site B were
retrospectively identified by applying the crite-
ria used to identify patients eligible for the NLC
at site A. First, rosters of patients of two expe-
rienced rheumatologists at site B were reviewed.
These rheumatologists were selected as they
were expected to have a similar mix of patients
as the rheumatologist who designed the NLC at
site A. Scheduling data were used to identify
patients who had no more than one visit to the
rheumatologist every 6 months between Octo-
ber 1, 2012 and March 31, 2014 (Supplementary
Material). Next, clinical charts of the identified
patients were screened to confirm the diagnosis
of RA and to ascertain clinical stability at
rheumatology visits 1 year before and at the first
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Table 3 Baseline demographic and clinical characteristics for patients in the NLC and RLC care groups and csDMARDs
subgroups

Characteristics NLC,
N = 124a

RLC,
N = 124a

p NLC csDMARD,
N = 119a

RLC
csDMARD,
N = 76a

p

Age, years, mean (SD) 60 (13) 61 (14) 0.51 60 (13) 62 (14) 0.35

Female 87 (70) 83 (67) 0.58 84 (70) 50 (65) 0.46

Disease duration since diagnosis,

years, median (Q1, Q3)

6 (3, 10),

N = 123

6 (4, 15),

N = 110

0.56 6 (3, 10),

N = 118

5 (3, 8), N = 68 0.22

HAQ-DIb, median (Q1, Q3) 0 (0, 0.25),

N = 122

0.38 (0, 0.88),

N = 100

0.01 0 (0, 0.25),

N = 117

0.31 (0, 0.82),

N = 56

0.05

DAS-28, mean (SD) 1.77 (0.69),

N = 117

1.91 (0.66),

N = 76

0.18 1.77 (0.70),

N = 114

1.84 (0.60),

N = 46

0.49

Patients in remission 103 (88),

N = 117

62 (82),

N = 76

0.21 100 (88),

N = 114

39 (85), N = 46 0.62

Patients in LDA 14 (22),

N = 117

14 (28),

N = 76

0.21 14 (12), N = 114 7 (15), N = 46 0.62

CRP, mean (SD) 3 (5),

N = 34

5 (10), N = 41 0.51 3 (4), N = 33 3 (5), N = 28 0.95

ESR, mean (SD) 12 (11),

N = 85

13 (15),

N = 60

0.62 12 (11), N = 82 12 (16), N = 32 0.99

RA treatment

Any csDMARD 123 (99) 103 (83) 0.01 119 (100) 76 (100) n/a

HCQ 84 (68) 66 (53) 0.02 84 (71) 56 (74) 0.64

Methotrexate 112 (90) 85 (69) 0.01 108 (91) 63 (83) 0.10

Leflunomide \ 6 (\ 5) \ 6 (\ 5) 0.10 \ 6 (\ 5) 0 0.07

Sulfasalazine \ 6 (\ 5) 18 (15) 0.01 \ 6 (\ 5) 13 (17) 0.01

Any combination csDMARD

therapy

80 (65) 58 (47) 0.18 80 (67) 49 (65) 0.69

Methotrexate ? HCQ 75 (61) 51 (41) 0.01 75 (63) 45 (59) 0.59

Biologics \ 6 (\ 5) 47 (38) 0.01 n/a n/a n/a

No csDMARD or biologics \ 6 (\ 5) \ 6 (\ 5) n/a n/a n/a n/a

Intramuscular or intraarticular

glucocorticoids

\ 6 (\ 5) \ 6 (\ 5) 0.65 0 \ 6 (\ 8) 0.21

Comorbidities and their risk factorsb

CVDd 9 (7) 9 (7) n/a 9 (8) 8 (11) 0.47

Stroke \ 6 (\ 5) \ 6 (\ 5) 0.65 \ 6 (\ 5) \ 6 (\ 8) 0.33
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clinical visit after January 1, 2014. If DAS-28 was
not reported and could not be calculated,
physician notes indicating that the patient was
in R/LDA (e.g., ‘‘RA stable’’, ‘‘stable disease’’,
‘‘patient is doing well and no changes in medi-
cation required’’) were accepted as an indication
of the stable disease. Patients who moved and
ceased their follow-up at site B between their
first clinical visit after January 1, 2014 and
1-year follow-up visit, as well as patients with
multiple unmanaged comorbidities or dementia
and pregnant patients, were excluded from the
data extraction. The first 124 consecutive
patients who met the inclusion criteria were
selected for the comparator RLC group.

Duration of Follow-Up

For the NLC group, the first appointment in the
NLC after the clinic’s implementation in April,
2014, was used as the baseline visit. For the RLC
group, the first clinical visit after January 1,
2014, was used as the baseline visit. In both
groups, patients’ follow-up continued until
their 1-year follow-up visit. The 1-year follow-
up visit was defined as a visit that occurred
between 9 and 15 months after the baseline
visit. If multiple visits occurred between 9 and
15 months after the baseline, the visit with a
longer follow-up time was defined as the 1-year
follow-up visit. If no visit occurred between 9

Table 3 continued

Characteristics NLC,
N = 124a

RLC,
N = 124a

p NLC csDMARD,
N = 119a

RLC
csDMARD,
N = 76a

p

Hypertension 32 (28),

N = 114

39 (33),

N = 120

0.46 31 (28), N = 110 25 (34), N = 74 0.42

Diabetes 9 (7) \ 6 (\ 5) 0.15 7 (6) \ 6 (\ 8) 0.55

Dyslipidemia 20 (16),

N = 123

18 (15),

N = 122

0.75 18 (15), N = 118 14 (18), N = 77 0.56

Obesity (BMI C 30 kg/m2) 37 (32),

N = 117

26 (27),

N = 95

0.50 35 (31), N = 112 16 (28), N = 58 0.62

Osteoporosis \ 6 (\ 5) 12 (10) 0.01 \ 6 (\ 5) 6 (8) 0.01

Current smokers 19 (16),

N = 123

\ 6 (\11),

N = 55

0.25 19 (16) \ 6 (\ 16),

N = 38

0.41

Values are n (%) unless otherwise specified
BMI body mass index, CRP C-reactive protein, CVD cardiovascular disease, csDMARD conventional synthetic disease-
modifying anti-rheumatic drug, DAS-28 disease activity score-28, ESR erythrocyte sedimentation rate, Q1, Q3 first and third
quartiles, HAQ-DI Health Assessment Questionnaire Disability Index, HCQ hydroxychloroquine, LDA low disease activity,
n/a not applicable, N number, NLC nurse-led care, p p value, % percentage, RA rheumatoid arthritis, RLC rheumatologist-
led care, SD standard deviation
a The numbers of patients included is as described at the top of the table, unless otherwise specified
b Comorbidities and their risk factors at baseline were deemed present at baseline if the condition was documented in the
medical record or the patient was treated for the condition and were collected as ‘yes’, ‘no’, or ‘unknown’ if reviewers had
major concerns about missing information in the chart
c CVD diseases included myocardial infarction, heart failure, atrial fibrillation, and other arrhythmias
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Table 4 Follow-up characteristics and quality measures assessment for patients in the NLC and RLC groups and
csDMARDs subgroups

NLC,
N = 124a

RLC, N = 124a NLC csDMARDs,
N = 119a

RLC csDMARDs,
N = 76a

FU per patient, days, mean (SD) 374 (25) 397 (46) 373 (26) 409 (44)

Visits over 100 days of FU per

patient, mean (SD)

0.27 (0.03) 0.26 (0.02) 0.27 (0.02) 0.25 (0.03)

Clinical characteristics and outcome measures

HAQ-DI at 1-year FU, median (Q1,

Q3)

0 (0, 0.38),

N = 117

0.44 (0, 1.13),

N = 94

0.13 (0, 0.5), N = 114 0.5 (0, 1.13), N = 51

DAS-28 at 1-year FU, mean (SD) 1.72 (0.64),

N = 113

1.93 (0.81),

N = 73

1.70 (0.63), N = 110 1.94 (0.86), N = 40

Patients in R/LDA at 1-year FU 97 (109/113) 92 (67/73) 97 (107/110) 88 (35/40)

Patients who were stable at 1-year FU
b

97 (115/119) 94 (99/105) 97 (112/115) 92 (55/60)

Patients in MDA at 1-year FU 4 (4/113) 8 (6/73) 3 (3/111) 13 (5/40)

Visits with R/LDA (7) 98 (234/239) 94 (186/198) 98 (228/232) 94 (106/113)

Visits when patients were stableb 94 (243/258) 91 (281/310) 95 (236/248) 92 (167/182)

Visits with MDA 2 (5/239) 6 (11/198) 2 (4/232) 6 (7/113)

Visits with HDA 0 (0/239) 1 (1/198) 0 (0/232) 0 (0/113)

Process measures

Not-R/LDA visits with a change in

medications

60 (3/5) 50 (6/12) 50 (2/4) 29 (2/7)

Days to assessment after flare, median

(Q1, Q3)

10 (5, 17),

N = 7

21 (n/a, n/a),

N = 1

12 (6, 17), N = 6 n/a

Gaps in care[ 12 months 60 (74/124) 17 (21/124) 61 (72/119) 20 (15/76)

Gaps in care[ 14 months 2 (3/124) 6 (7/124) 3 (3/119) 8 (6/76)

RA flares education 98 (121/124) 2 (3/124) 98 (117/119) 0 (0/76)

CVD risk communicated to PCP 90 (112/124) 2 (4/124) 91 (108/119) 4 (3/76)

Smoking and tobacco use status 100 (19/19) 18 (13/74) 100 (19/19) 21 (9/42)

Smoking cessation counseling 84 (16/19) 80 (4/5) 84 (16/19) 75 (3/4)

BP documented 93 (239/258) 58 (182/315) 93 (229/247) 56 (105/186)

BP documented at C 80% of visits 86 (98/114) 50 (60/120) 86 (96/111) 51 (37/73)

Education about osteoporosis and/or

fractures

92 (88/96) 19 (19/101) 85 (78/92) 0 (0/60)

Benefits of vaccinations discussed 99 (123/124) 8 (10/124) 99 (118/119) 4 (3/76)
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and 15 months after the baseline visit, the data
collection stopped at 15 months.

Data Sources and Abstraction

The EMR and paper charts, which included
nurses’ and rheumatologists’ notes, letters to
PCPs and other specialists, and laboratory test
requests and results, were reviewed. Reviewers
with clinical training [international medical
graduates (EL, CDRJ) and a nurse (AML)] with
previous experience in medical chart reviews
abstracted the data. Data were collected using a
standardized data abstraction form developed
using REDCap electronic data capture tools
hosted at the University of Calgary [19, 20].
Each chart was reviewed, and data were
abstracted at least by two independent review-
ers. Where there were differences in the double
data entry, charts were reviewed again and, if
needed, discussed with rheumatologists from
sites A and B to resolve disagreements.

At baseline, data on disease duration and
comorbidities were collected. Comorbidities
were deemed present at baseline if the condi-
tion was documented in the medical record or
the patient was treated for the condition. Data
collected at each visit included appointment
type; patient’s clinical characteristics and

laboratory results; medications; documentation
about screening for comorbidities and their risk
factors; communication with PCPs; and patient
education.

Quality Measures Assessment

Quality measures were selected from national
[21, 22] and provincial sets of outcomes for the
evaluation of models of care for patients with
inflammatory arthritis (Table 2).

To capture effects associated with alternative
aspects of the evaluated NLC model, the per-
centage of patients in R/LDA at 1-year follow-up
visit [22] and the percentage of clinic visits
where patients were in R/LDA over the follow-
up time were selected as the primary and sec-
ondary outcome measures, respectively. These
outcome measures were identified as key effec-
tiveness outcomes by a provincial arthritis
working group tasked with evaluating models of
care [23]. Disease activity was extracted from
charts or measured with the DAS-28 (erythro-
cyte sedimentation rate or C-reactive protein
(CRP)) depending on data availability. Remis-
sion was defined as DAS-28 B 2.6, low disease
activity (LDA) as DAS-28[ 2.6 and B 3.2,
moderate disease activity (MDA) as DAS-

Table 4 continued

NLC,
N = 124a

RLC, N = 124a NLC csDMARDs,
N = 119a

RLC csDMARDs,
N = 76a

Patients vaccinated with an influenza

vaccine

54 (67/124) 2 (3/124) 55 (65/119) 1 (1/76)

Ophthalmology FU reminders 98 (83/85) 17 (12/69) 98 (83/85) 9 (11/57)

Values are % (N/D) unless otherwise specified
BP blood pressure, CVD cardiovascular disease, csDMARD conventional synthetic disease-modifying anti-rheumatic drug,
DAS-28 disease activity score-28, Q1, Q3 first and third quartiles, FU follow-up, HAQ-DIHealth Assessment Questionnaire
Disability Index, HDA high disease activity, LDA low disease activity, MDA moderate disease activity, n/a not applicable,
N number, NLC nurse-led care, % percentage (numerator/denominator), PCP primary care provider, R/LDA remission or
low disease activity, RA rheumatoid arthritis, RLC rheumatologist-led care, SD standard deviation
a The numbers of patients included is as described at the top of the table, unless otherwise specified
b Based on the analysis where the rheumatology team’s opinion about the patient’s disease status informed imputations of
missing DAS-28 data
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28[ 3.2 and B 5.1, and high disease activity
(HDA) as DAS-28[5.1.

To capture effects associated with comple-
mentary aspects of the evaluated NLC model,
secondary process measures were used. They
included percentages of patients with at least
one chart documentation of (1) communication
of the associated with RA increased cardiovas-
cular risk to the PCP [21]; (2) smoking status
[21]; (3) counseling current smokers or tobacco
users to stop smoking [21]; (4) communicating
the associated with RA increased risk of osteo-
porosis and fracture; (5); vaccination status with
influenza and pneumococcal conjugate vacci-
nes; (6) discussing benefits of vaccinations with
the patient; (7); reminders for ophthalmologist
yearly follow-up for patients treated with

hydroxychloroquine; and (8) percentage of
patients with blood pressure documented at
C 80% of clinic visits [21].

Sample Size Calculations

The sample size was calculated using a non-in-
feriority criterion for the primary outcome of
the percentage of patients in R/LDA at 1-year
follow-up. For both groups, the percentage
‘successes’ was assumed to be 90%. Assuming
10% non-inferiority margin, 80% power, and
one-sided statistical testing with a 5% signifi-
cance level, a minimum of 112 patients per
group were required. To account for potentially

Fig. 1 Forest plot comparing primary and secondary
effectiveness outcomes in the NLC and RLC groups and
csDMARDs subgroups. CI confidence interval, csDMARD
conventional synthetic disease-modifying anti-rheumatic

drug, FU follow-up, D% mean difference in percentages
between RLC and NLC, NLC nurse-led care, % percent-
age, R/LDA remission or low disease activity, RLC
rheumatologist-led care
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missing data, the sample size was increased by
10% with a total of 248 patients included.

Analysis

Descriptive statistics [i.e., proportions, means,
and their standard deviation (SD) or medians
with first and third quartiles (Q1, Q3)],
depending on the normality of the data, were
used to summarize baseline demographic char-
acteristics, baseline and 1-year follow-up clini-
cal characteristics, and quality measures over
the follow-up. Cell sizes with less than 5
patients and/or visits were reported as \6.
Baseline clinical characteristics for the NLC
group patients who were excluded from the
analysis due to active disease at the first visit
were reported separately (Supplementary
Material).

A sensitivity analysis was conducted to
account for differences in treatment patterns in
the NLC and RLC groups. In this analysis, the
subgroups of patients treated with csDMARDs
only were included, excluding patients on
advanced therapies (i.e., biologic agents) and
patients on no medications.

Baseline demographic and clinical charac-
teristics were compared between the NLC and
RLC groups and the csDMARDs subgroups using
Chi-square test and t test as appropriate for the
data. The hypothesis of non-inferiority of NLC
compared to RLC in terms of the effectiveness
was tested using one-sided 95% confidence
intervals (CIs) of the mean differences in the
primary and secondary outcomes between the
RLC and NLC groups and between the
csDMARDs subgroups [24].

In case of missing data, patients and/or visits
were excluded from the analysis (Table 2). For
the primary and secondary outcome measures,
an additional analysis where the rheumatology
team’s opinion about the patient’s disease sta-
tus informed imputations of missing disease
activity data. In this analysis, patients with
missing DAS-28 data were considered to be
stable during the visit if there was a note indi-
cating that the patient was stable (i.e., ‘‘RA
stable’’, ‘‘Disease under control’’, ‘‘The patient is
doing well and no changes in medications are

required’’) and were considered to be not-
stable is the note indicated that (i.e., ‘‘RA
active’’, ‘‘Flare’’, ‘‘RA is not under control’’).

Ethics and Consent

This study was performed in accordance with
the Helsinki Declaration of 1964 and its later
amendments. The project was approved by the
University of Calgary Health Research Ethics
Board (REB17-1678). The approval included a
waiver of patient consent for this research and
publication due to the limited feasibility of
obtaining patients’ consents for the collection
and analysis of retrospective data and the pub-
lication of results as well as the minimal risks or
discomforts associated with the research.

RESULTS

Baseline and Follow-Up Characteristics

A total of 477 charts were screened and 248
patients (124 in the NLC group and 124 in the
RLC group) were included in this study (Sup-
plementary Material).

The mean age of patients included was
60.6 years and 68.6% were female (Table 3). At
baseline, patients in the NLC and RLC were
comparable in terms of their clinical character-
istics. The median (Q1, Q3) disease duration
since diagnosis was 5.9 (2.6, 9.8) years and 6.1
(3.8, 14.5) years and the mean (SD) DAS-28 was
1.76 (0.69) and 1.89 (0.65) in the NLC and RLC
groups, respectively. The NLC group had a
lower median (Q1, Q3) baseline health assess-
ment questionnaire disability index (HAQ-DI)
score (0 (0, 0.25) than the RLC group (0.38 (0,
0.88); p = 0.01). The groups also differed in
terms of their baseline treatments with 3% of
NLC and 38% of RLC patients receiving a bio-
logic agent, p = 0.01. In the sensitivity analysis,
the csDMARDs subgroups were comparable in
all baseline clinical characteristics. The median
(Q1, Q3) baseline HAQ-DI scores were 0 (0,
0.25) and 0.31 (0, 0.82) in the NLC and RLC
subgroups, respectively; p = 0.05.
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The observed mean (SD) changes in DAS-28
scores between baseline and 1-year follow-up
were 0.12 (0.66) in the NLC group and 0.21
(0.75) in the RLC group. The mean (SD) changes
in HAQ-DI were - 0.17 (1.26) in the NLC group
and 0.05 (0.39) in the RLC group. These changes
were below thresholds reported in the literature
for minimal clinically important changes of 1.2
for deterioration in DAS-28-CRP and - 0.38 for
improvement in HAQ-DI [25, 26]. In the sensi-
tivity analysis, there were no clinically signifi-
cant differences in the observed changes in
DAS-28 and HAQ-DI scores between baseline
and the 1-year follow-up in either csDMARD
subgroup.

Quality Measures Assessment

DAS-28 scores were available or could be calcu-
lated to assess the primary outcome measure in
92% of NLC patients and 59% of RLC patients
(Table 4). Overall, five NLC and 12 RLC patients
were not in R/LDA during at least one visit over
the follow-up time. Out of those, 16 patients
were in MDA and one RLC patient was in HDA
during one follow-up visit. The mean (SD)
number of visits over 100 days of follow-up was
0.27 (0.03) and 0.26 (0.02) per patient in the
NLC and RLC groups, respectively (Table 4). For
patients who were not in remission or low dis-
ease activity during at least one visit over the
follow-up time, the mean (SD) number of visits
over 100 days of follow-up was 0.71 (0.29) in
the NLC group and 0.81 (0.22) in the RLC
group.

Patients were in R/LDA during the majority
of visits with 97% of NLC patients and 92% of
RLC patients being in R/LDA at the 1-year fol-
low-up (Table 4). The mean difference (95% CI)
in DAS-28 between NLC and RLC groups at
1-year follow-up was 0.21 (- 0.39, - 0.03). In
the sensitivity analysis, 97% of NLC patients
and 88% of RLC patients were in R/LDA at the
1-year follow-up. Overall, NLC was non-inferior
to RLC with respect to the effectiveness of care
when considering all included patients and the
csDMARDs subgroups only (Fig. 1). In the
analysis where missing DAS-28 data were
imputed based on the rheumatology team’s

opinion about the patient’s disease status, sim-
ilar results were observed (Table 4).

Records of patients followed in the NLC
model more commonly reported on comor-
bidities screening and documented patient
education compared to the records of patients
in the RLC group (Table 4). The groups were
most alike in the chart documentation on
smoking cessation counseling for current
smokers or tobacco users with 84% of NLC and
80% of RLC eligible charts having correspond-
ing documentation. However, differences in
other process measures were observed between
the groups. For example, over 90% of the NLC
charts included documentation on the provided
patient education about RA flares and when to
contact the clinic in case of a flare, communi-
cation to the PCP of the increased cardiovascu-
lar risk associated with RA, and patient
education about benefits of vaccinations at least
once over the follow-up time. In the RLC
groups, up to 8% of charts included documen-
tation on these outcomes.

DISCUSSION

This non-inferiority study evaluated the quality
of care for stable patients with RA in a collabo-
rative NLC model compared to the traditional
RLC model using a structured evaluation
framework. Overall, NLC was at least as effective
as RLC with better documentation of comor-
bidity screening and provision of patient
education.

Our results support findings of previous
evaluations and extend them in the context of
real-life routine practice conditions, thus,
focusing on the ‘real-world’ effectiveness of
NLC models. Consistent with our findings,
previous evaluations of NLC models for
stable patients with RA [27–29] showed that
NLC was non-inferior to RLC with mean dif-
ferences in DAS-28 (95% CI) between the groups
of - 0.21 (- 0.53, 0.11) and 0.04 (- 0.19, 0.27)
at 12 months [27, 28]. These results were
obtained in randomized control trials showing
the efficacy of NLC models under ideal condi-
tions rather than their effectiveness in routine
clinical practice.
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Furthermore, our evaluation included an
assessment of process measures to capture
effects associated with complementary aspects
of the evaluated NLC model. Few published up-
to-date qualitative and mixed-methods studies
reported that nurses more frequently provided
psychosocial support, education about the dis-
ease, and screening of comorbidities compared
to RLC as perceived by patients and/or members
of the rheumatology team [29, 30]. Consistent
with these perceptions, higher rates of docu-
mentation of comorbidities screening, patients’
education, and wellness assessment were
observed in the NLC group across all process
measures assessed in our study. Given the
reported gaps in addressing the complex needs
of patients with RA [21], NLC may present a
potential solution to improving the quality of
patients’ care.

Findings of this study should be considered
in the context of the strengths and limitations
of the data. The documentation of clinical
encounters varied between the groups. In the
NLC group, a standardized EMR was used. In the
RLC, no standardized data entry was used.
Standardized EMRs have the potential to
improve the quality of care and its documen-
tation when used in a ‘‘meaningful’’ way [31].
Overall, records of patients in the NLC tended
to be more complete in terms of clinical char-
acteristics of patients and processes of care.
Comorbidities screening and patient education
may have taken place in the RLC group but was
less consistently documented. Moreover, due to
missing data, the final sample available for the
analysis of some outcomes was less than
required based on sample size calculations.
Nonetheless, results of the additional analysis
where the rheumatology team’s opinion about
the patient’s disease status informed imputa-
tions of missing disease activity data, were
consistent with the complete case analyses.

Amongst other limitations, the retrospective
and non-randomized nature of this study
should be discussed. Overall, given the retro-
spective nature of the study, outcomes of this
evaluation were limited by the data available.
The evaluation was limited to outcome and
process measures within dimensions of the
effectiveness and appropriateness of care and

did not assess patients’ experience with care.
Nonetheless, an overall high patients’ satisfac-
tion with the evaluated nurse-led clinic was
previously reported [32].

To identify the comparator group from site B
we applied the criteria used to identify eligible
patients for NLC at site A. Yet, more patients in
the RLC group were treated with biologics
agents compared to the NLC group. In the
evaluated NLC model, eligible patients were
selected based on their disease activity status,
and biologic treatment was not an exclusion
criterion. However, before the establishment of
the evaluated NLC, at site A, some stable pa-
tients with inflammatory arthritis treated with
biologic agents were already cared for in a
nurse-led biologic clinic. This could potentially
lead to the observed difference in treatment
patterns between the groups. Nonetheless, both
groups were selected based on their disease
activity status and, as expected, baseline DAS-28
scores were comparable between the NLC and
RLC groups (p = 0.21). While our study did not
aim to compare NLC in patients treated with
csDMARDs versus patients treated with biologic
agents, results of the sensitivity analysis with
csDMARDs subgroups were consistent with the
main analysis. These findings suggest that
stable disease status rather than the treatment
strategy could be a defining factor for identify-
ing patients eligible for the NLC follow-up.

Furthermore, the difference in baseline
functional status measure, HAQ-DI, between
the groups was statistically significant. Higher
HAQ-DI scores in the RLC group could be dri-
ven by the inclusion of a larger proportion of
patients treated with biologic agents, which
could be used more frequently in more severe
cases of RA. In the sensitivity analysis, baseline
HAQ-DI scores were not statistically signifi-
cantly different between the csDMARDs sub-
groups. This could potentially reflect the
complexity of clinical decision-making when
identifying patients eligible for the nurse-led
follow-up, which may be based on the whole
picture of the patient’s status known to their
treating physician rather than the predefined
selection criteria. Nonetheless, median baseline
HAQ-DI scores in both groups were in the nor-
mal to mild functional loss range [33].
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Additionally, in NLC, it is common practice for
nurses to discuss HAQ-DI scores with patients to
better differentiate between functional impair-
ment caused by RA versus other comorbidities.
If during the conversation, it was determined
that the HAQ-DI score was not reflective of RA-
related functional impairments, the question-
naire was revised with patient input. Therefore,
lower HAQ-DI scores in the NLC group could
also be driven by the education provided by
nurses.

Lastly, at site A, only consented patients
joined the NLC; and only patients who con-
tinued their follow-up in the NLC were inclu-
ded in the NLC group. This could potentially
introduce a bias due to confounding as patient
individual characteristics may influence their
preferences for the type of follow-up care [34].
However, the direction of this association is yet
to be explored. The available data did not allow
us to estimate the number of potentially eligible
patients that could be referred to the NLC or the
characteristics of patients, which could influ-
ence follow-up care preferences. In the future,
prospective studies should explore both clinical
and personal characteristics of patients who are
most likely to benefit from NLC.

Published literature on NLC models often
lacks detailed descriptions of the evaluated
models, limiting the potential for a broader
adoption [13, 15]. Given the importance of the
structure of the intervention and contextual
factors in the evaluation and implementation of
complex interventions as models of care [15], a
detailed description of the evaluated model of
care represents an important strength of this
study. We used the Framework for Reporting
Health Service Delivery Models for Managing
Rheumatoid Arthritis [35] to discuss details of
the NLC and RLC models’ implementation,
their goals, target population, care providers
and their roles, and services provided. Impor-
tantly, in contrast with most evaluated NLC
models for patients with RA [13], this study
evaluated a model which employs registered
nurses without an advanced practice designa-
tion. Advanced practice nurses (e.g., nurse
practitioners, clinical nurse specialists) require
additional training and generally are paid a
higher salary than registered nurses, which

should also be considered when estimating
costs of NLC models. Thus, in the light of
financial constraints in healthcare systems, a
model utilizing registered nurses with addi-
tional rheumatology training to their full scope
of practice might be particularly attractive to
decision-makers. Our non-inferiority study with
1-year follow-up provides a foundation for
future evaluations of the model’s long-term
effectiveness and cost-effectiveness.

CONCLUSIONS

This study provided real-world evidence that
the evaluated NLC model providing protocol-
ized follow-up care for stable patients with RA
represents an effective strategy to address the
needs of stable patients with RA for ongoing
disease monitoring, chronic disease manage-
ment, education, and support. In the model,
registered nurses act in an alternative role to
monitor patients’ disease activity in lieu of a
rheumatologist; and in complementary roles to
provide patients comorbidity screening and
education, as well as to support standardized
clinic documentation and communication with
PCPs. In the context of the limited capacity of
rheumatologists, NLC is one approach to con-
sider for providing better access to effective and
appropriate care for stable patients with RA.
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30. Muñoz-Fernández S, Aguilar MD, Almodóvar R,
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