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Abstract
Background: Treat-to-target is the recommended strategy for the management of rheumatoid arthritis (RA) and
involves regular assessment of disease activity using validated measures and subsequent adjustment of medical
therapy if patients are not in remission or low disease activity. Recommendations published in 2012 detailed the
preferred disease activity measures but there have been few publications on implementation of disease activity
measures in a real-world clinic setting.
Methods: Plan-Do-Study-Act (PDSA) methodology was used over two cycles with a goal of increasing provider
measurement of disease activity during all RA patient visits. In PDSA cycle 1, we implemented a paper-based form
to help providers assess disease activity in RA patients. PDSA cycle 2 included the creation of separate patient and
physician forms for collection of information, identification of patients prior to their clinic visit and incorporation of
medical assistants into the workflow.
Results: The first PDSA cycle improved the number of RA patients with documented disease activity measures from
24 % over a 4-week period, to an average of 44 % over an 8-week period. The second PDSA cycle showed a
sustained and dramatic improvement, with 85 % of patients having a disease activity measure recorded over a 27week period.
Conclusions: Implementation of disease activity measurement in a typical academic rheumatology clinic can be
achieved by standardizing workflow using a simple paper form.
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Background
Current management of many chronic diseases, such as
diabetes, hyperlipidemia and hypertension employ treatment strategies to achieve a specific quantitative clinical
measure [1]. Recently, this “treat-to-target” approach has
been applied to rheumatoid arthritis (RA) [2]. Instead of
targeting a laboratory test or blood pressure measurement, the “target” in RA is disease activity, which can be
measured using a variety of validated tools. Most of
these combine swollen and tender joint counts, physician and patient global assessments and sometimes laboratory values [3]. A systematic review in 2010
assessing treat to target versus usual care strategies in
RA revealed consistent improvement in clinical outcomes with treat to target: Patients managed with treatto-target approaches had greater reductions in disease
activity and a higher likelihood of achieving remission
over usual care and additionally, experienced a reduction
in radiographic erosions, improved physical function and
quality of life [1, 4–6]. Current practice guidelines recommend patients with RA be treated with the goal of
achieving remission or low disease activity [7].
In 2014, the National Quality Forum (NQF) endorsed
measures requiring disease activity measurements in a
majority of visits (greater than 50 %) in RA patients [8].
Acceptable measures of disease activity identified by the
American College of Rheumatology include the Clinical
Disease Activity Index (CDAI), Disease Activity Score
with 28-joint counts (DAS28 ESR or CRP), Patient Activity Scales (PAS and PAS-II), Routine Assessment of
Patient Index (RAPID-3) and Simplified Disease Activity
Index (SDAI) [3].
Despite these recommendations for regular disease activity measurement in RA patients, routine use of these
measurements has not been instituted in many rheumatology clinics. Reports from Physician Quality Reporting
System (PQRS) indicate that in 2009, 630 of 83,849 physicians (<1 %), the majority of whom where rheumatologists, reported on one quality measure on RA patients.
Among the physicians reporting one at least one measure for their RA patients (n = 630), they primarily reported
disease-modifying
antirheumatic
drugs
(DMARD) usage and only 29 % reported information on
a disease activity measure (n = 183) [9].
Little has been published about how to best implement
disease activity measurement in the clinic. Of the publications that discuss implementation, they are focused on
the integration of software with their electronic health
record [10, 11]. However, not all rheumatology clinics
have the IT support or ability to develop or purchase advanced modules to modify their system.
In this study, we describe methods for implementation
of disease activity measurement in a tertiary care
rheumatology clinic. The San Francisco Veterans Affairs
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(VA) hospital, associated with University of California,
San Francisco (UCSF) provided an ideal place to implement use of disease activity measures for patients with
RA. Trainees working in the rheumatology clinic were
familiar with the use of disease activity measures at
other locations within the UCSF healthcare system.
Baseline use of disease activity measurement in the clinic
was infrequent prior to the start of the study, in part because the electronic medical record (EMR) does not provide an easy method for documenting joint scores.
Modifying the SFVA’s EHR was not feasible in the shortterm, so we planned an intervention using a paper scoring form. We assessed whether standardization of the
clinic’s workflow to incorporate these forms increased
the documentation of disease activity measures in the
provider notes for patients with RA.

Methods
Study setting

The study took place in an academic rheumatology
clinic at the VA Hospital in San Francisco. All providers
working in the clinic were included in the intervention
and analysis. The practice consists of nine rheumatology
fellows (two fellows were present for only the preintervention period) one nurse practitioner and five attending physicians.
All patients with a diagnosis of rheumatoid arthritis in
the medical record (reviewed by AB) were included.
They study period lasted from June 2014 until April
2015. This project was considered exempt from IRB approval by the San Francisco VA IRB because it qualified
as a quality improvement activity. Providers were aware
of the interventions used. No funding sources were utilized for this quality improvement project.
Preliminary work to identify workflow challenges

Preliminary work involved interviewing staff, fellows and
faculty to understand the barriers to documentation of
RA disease activity. Prior to the intervention, a clinician
wishing to document a disease activity measure would
have to 1) identify RA patients requiring a measure, 2)
request this patient’s global assessment on a 0–10 or 0–
100 Likert or visual analog scale during the clinical encounter 3) conduct the history and physical, including a
28-joint count, and 4) calculate the CDAI or DAS28
score and remember or look up the corresponding disease activity category 5) document a disease activity
measure in the clinic note. No standard method existed
for identifying patients ahead of clinic and providing
them with a visual analog or Likert scale for rating their
patient global assessment. Additionally, a ruler was often
not available to score the patient and physician global if
a visual analog scale was used. Other obstacles identified
prior to the initiation of the first QI cycle were a lack of
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expectation on the part of the attending physicians to report a disease activity score, a lack of ability to modify
the electronic medical record to incorporate the disease
activity measures, and time constraints in clinic.
Upon reviewing the barriers to completing disease activity measures, the modifiable obstacles included attending physician expectations and availability of a form
on which patients could indicate a global assessment
and ruler with which to measure a visual analog scale
line. The obstacles that were not immediately modifiable
were changing the medical record (CPRS) and the time
available to see a patient.
Disease activity measures

The Clinical Disease Activity Index (CDAI) incorporates
a patient global score on a 0 to 10 scale, a physician global score on a 0 to 10 scale and a 28-joint count for both
tenderness and swelling. The score is tabulated with up
to 28 points for tenderness, 28 points for swelling, 10
points for the physician global and 10 points for the patient global. These scores are then translated into four
categories: remission, low disease activity, moderate disease activity or high disease activity [3].
The disease activity score 28 or DAS28 (ESR or CRP)
incorporates the patient global score on a scale of 0–
100, a tender joint count of 28 joints, a swollen joint
count of 28 joints and either the erythrocyte sedimentation rate (ESR) or the C-reactive protein (CRP) and the
provider then uses a formula to calculate the disease activity score and it is again characterized as remission,
low disease activity, moderate disease activity or high
disease activity [3].
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success of PSDA cycle 2, we continued to follow the outcome for an additional 21 weeks (about 5 months).
Outcome

The outcome of interest was the proportion of RA patients seen on a given day in clinic who had a documented disease activity measure in the encounter note
for that day. Eligible RA patients were identified prior to
their clinic visit through medical chart review by one author (AB) based on the assessment sections on the most
recent note. Presence or absence of the disease activity
measure was determined by review of the entire note.
Data analysis

We divided the study period into three parts – preintervention, PDSA cycle 1 and PDSA cycle 2. We created control charts to describe the proportion of encounters on each clinic day with a disease activity
measure documented in the clinical note (p-charts). A
continuous improvement of 6 or more points in the
same direction is considered a trend [13].

Results
Between week 1 and week 39, there were 107 RA patients seen at the SFVA rheumatology clinic. Basic patient characteristics are listed in Table 1. Of these 107
patients, the average age at their most recent appointment was 67 years. In the 103 patients whose rheumatoid factor (RF) and/or cyclic citrullinated peptide
antibody (CCP) status were known, 81 (79 %) of these
patients were seropositive (73 were CCP positive and 71
were RF positive), 38 patients (35 %) were on biologic
agents (Table 1).

Interventions

Pre-intervention

A Plan-Do-Study-Act (PDSA) methodology provides a
structure of iterative change that adapts to feedback to
result in the desired outcome. The first stage, ‘plan’, is a
planning stage in which a change is identified with the
goal of improvement. The second stage, ‘do’, is when this
change is tested. The third stage, ‘study’, examines the
success of the change and the ‘act’ stage identifies the
next steps needed for beginning the next PDSA cycle
[12]. We undertook two PDSA cycles in an attempt to
improve use and documentation of disease activity measures at the San Francisco VA rheumatology clinic.
There was a 4-week pre-intervention period where we
assessed use of disease activity measures prior to any
specific intervention. A first PDSA cycle was planned
and assessment of its effect on disease activity measurement documentation was planned for 8 weeks later. A
second PDSA cycle was planned and assessment of its
effect on disease activity measurement documentation
was again planned for 8 weeks later. Because of the

During the 4-week pre-intervention period, there were
29 RA patient encounters. Twenty-four percent of preintervention visits had a documented disease activity
measure in the clinical note. A single clinician was
Table 1 Characteristics of rheumatoid arthritis patients seen in
the San Francisco VA rheumatology clinic during study period
Characteristics

Rheumatoid arthritis patients
N = 107

Age, mean (SD)

67 (10)

Male, N (%)

93 (87 %)
a

Seropositive, N (%) [N = 103]

81 (79 %)

Medications at end of study period, N (%)

a

Methotrexate

60 (56 %)

Prednisone

42 (39 %)

Biologic

38 (35 %)

Rheumatoid factor or anti-cyclic citrullinated peptide antibody positive at any
point, among patients tested
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responsible for nearly all of this disease activity score
documentation.
PDSA cycle 1

The cycle 1 intervention consisted of 1) developing a
paper form that would be readily available in clinic for
collecting patient and physician global assessments and
tabulating joint counts using the homunculus (Additional file 1) and 2) Making the form available in clinic
3) Brief one-on-one educational discussions with incoming fellows on the use of this form, the calculation of
CDAI and DAS 28, and the purpose and goal of disease
activity measurement. The providers were encouraged to
download a CDAI and DAS-28 calculator onto their
smartphones [14].
In the workflow (Fig. 1) for cycle 1, providers were to
identify RA patients and retrieve a form located in the

Patient checks in
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clinic that included the patient global visual analog scale,
physician global visual analog scale, a 28-joint count
with homunculus and instructions on how to calculate
the CDAI and DAS-28 ESR and CRP. The form included
a fold-over ruler, obviating the need for finding a ruler,
in addition to instructions for calculating the CDAI.
PDSA cycle 1 lasted 8 weeks. During this period, providers had 59 visits with RA patients, and 26 (44 %) of
those encounters had disease activity measures recorded
in the note (see Fig. 2).
Follow-up interviews with clinicians identified several issues during cycle 1: 1) the patient and physician global were
both completed on one form, so if the patient filled out the
global score first, the physician would see the patient global
score prior to the recording the physician global score, thus
potentially biasing her rating; 2) the global assessment form
had to be printed carefully so that the ruler lined up with
the patient and physician global lines; 3) since RA patients
were not pre-identified prior to their visits, providers would
often forget to administer the patient global form.
PDSA cycle 2

Physician identifies patient as a rheumatoid arthritis
patient

Physician conducts history and physical with 28 joint
count assessment

Physician fills out form

Patient fills out patient global

Physician scores and interprets results

Physician locates prior results and compares trend

Physican discusses treatment changes with patient

Physician records disease activity in note
Fig. 1 Cycle 1 workflow

The cycle 2 intervention involved: 1) the creation of two
separate forms so that the patients would complete the
patient global in the waiting room, prior to the clinic
visit, and the providers would not see the score until
after completing their own global assessment; 2) additional education for providers; 3) identification and flagging of RA patients prior to the clinic visit so that
patients could fill out global assessments in the waiting
room prior to the start of their visit.
The one form used previously was split into two – the
first form was designed for patients and included a global assessment scale (see Additional file 2). The second
form was for the providers and included a 28-joint count
homunculus to record the swollen and tender joints, a
physician global score (see Additional file 3). It also included an explanation of how to calculate the CDAI and
DAS-28. On both forms, the global scores were changed
from a visual analog scale to a numerical Likert scale,
noted to be interchangeable in American College of
Rheumatology’s working group recommendations [3].
This eliminated the need for a ruler to calculate patient
and provider global assessments.
Additional education was directed to providers. This
included a post-clinic conference discussion of the history and utilization of disease activity measures and a
division-wide Quality Improvement conference in which
there was a discussion of the changes at the VA.
RA patients were identified via chart review and flagged
by a single author (AB) prior to clinic (see Fig. 3). Appropriate forms were provided to medical assistants prior to
clinic. On the day of clinic, the medical assistants were
instructed to give the form to flagged patients while
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Fig. 2 Percent completion of CDAI by week of intervention. The pre-intervention, PDSA Cycle 1, and PDSA Cycle 2 phases are separated by red
bars. The dark blue line show sthe proportion of patient encounters with a documented CDAI by week. The upper control limits are not seen (>1).
The lower control limits vary as the denominator of patient encounters changed each week. The p-bar shows the average CDAI documentation
rate. More than 6 values are seen above the p-bar after Cycle 2 was implemented, indicating a positive improvement

taking their vital signs. The patients filled out the form
while sitting in the waiting room. The patients would
then either hand the form back to the medical assistant,
who would attach it to the encounter form given to providers, or the patient could give the form directly to the
clinician during the appointment. The physician would
then conduct the history and physical, and enter the swollen and tender joint counts and the physician global into
the table calculator on Form 2. The physician would then
calculate the CDAI and/or DAS28 using simple addition
or their IPhone app. When typing the note, the physician
was instructed to include the score within the text of the
note.
PDSA cycle 2 lasted 27 weeks. During this period, providers had 182 clinic visits with RA patients, and 155
(85 %) of those encounters had disease activity measures
recorded in the note (see Fig. 2). Starting during PDSA
cycle 2, there were six occurrences over the p-bar, which
continued throughout the PDSA cycle, with three exceptions. All providers showed improvement in disease activity measure documentation. There were no outliers.

Discussion
In this project, we describe the implementation of a reliable process for disease activity measurement for RA patients as recommended by the American College of
Rheumatology in a single academic rheumatology clinic.
Prior to the intervention, only 24 % of RA patients seen
in clinic had documented disease activity measures and
the majority of these patients had seen one third year
fellow. By the end of the quality improvement initiative,

we observed a sustained increase in the proportion of
patients with of disease activity measures noted in the
charts.
This project is generalizable to other clinics that may
not have the capability to easily or immediately modify
the electronic health system to incorporate disease activity measures. With minor changes to the workflow, we
were able to incorporate the help of medical assistants,
identify RA patients prior to their clinic appointment,
and provide two forms for completion of global assessments, resulting in sustained improvement in reporting
of disease activity measures. As disease activity measurement becomes a requirement of high quality care, we
have shown that this “paper-and-pencil” intervention
can result in successful documentation of disease activity
measures without relying on changes to the electronic
health record. This may be especially important for
clinics with limited resources, or where changes to the
health IT infrastructure may be difficult.
Our study has several limitations. First, it is difficult to
disentangle which specific aspect of our intervention
was the key improving disease activity measure documentation. Separating the effects of provider education
or changes in culture from the effects of easy availability
of patient global score for relevant patients is not possible given our study design. However, given the anemic
improvement in the PDSA cycle 1, we can say that preclinic identification of patients and score collection in
the waiting room seemed to be key attributes of a successful intervention. Second, our follow-up time is not
long enough and our sample size not large enough to be
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Fellow identifies RA patients and prepares forms

Patient checks in

Medical assistants administer form

Patient fills out form in waiting room
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in their performance over time. It would also make it
easy to trend a single patient’s disease activity over time
to evaluate their response to therapy. Modifying the
electronic medical record so that it stores disease activity
over time and allows providers to see trends over time is
an ideal system that would assist providers in being able
to assess trends over time. This has been implemented
and has shown improvement in quality of care, efficiency
of care and productivity [11]. However, this is not possible with all electronic medical records.

Conclusions
Through utilization of a simple paper form and changes
to workflow, rheumatology clinics can implement the use
of standardized disease activity measures to offer patients
high quality care consistent with the recommendations of
the American College of Rheumatology [3, 15].

Patient hands form to provider during visit
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Physician conducts history and physical

Additional file 2: Cycle 2 patient form (PDF 137 kb)
Additional file 3: Cycle 2 provider form (PDF 447 kb)

Physician fills out form

Physician scores and interprets results

Acknowledgements
None.
Funding
GS received salary support from the National Institutes of Health, through
K23 AR063770 (GS). Its contents are solely the responsibility of the authors
and do not necessarily represent the official views of the NIH.
Availability of data and materials
All data supporting our findings is included in this manuscript and appendix
files.

Physician locates prior results and compares trend

Physican discusses treatment changes with patient

Physician records disease activity in note
Fig. 3 Cycle 2 workflow

able to witness changes in mean CDAI or DAS scores
over time as a result of the implementation of this “treat
to target” approach, although such improvements have
been documented in trial settings previously [1, 4–6].
Future projects include exploring the possibility of
modifying the electronic medical record to include the
CDAI or DAS-28 as structured fields. This would allow
for easy identification of patients with and without disease activity measures and allow clinicians to see trends

Authors’ contributions
AB contributed to the study design, acquisition of data, analysis and
interpretation of data, drafting the article, final approval of the article. EW
contributed to and interpretation of data, critical revision of the article, final
approval of the article. DD participated study concept and design,
acquisition of data, analysis and interpretation of data, critical revision the
article, final approval of the article. JY participated in study design,
interpretation of data, critical revision the article, final approval of the article.
GS contributed to the study concept and design, acquisition of data, analysis
and interpretation of data, drafting the article, final approval of the article. All
authors read and approved the final version of the manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This project was considered exempt from IRB approval by the San Francisco
VA IRB because it qualified as a quality improvement activity. Therefore, the
need to obtain informed consent was deemed unnecessary and not
obtained from patients.
Author details
1
Division of Rheumatology, University of Washington, Harborview, 1959 NE
Pacific Street, Box 356428, Seattle, WA, USA. 2Division of Rheumatology,

Bays et al. BMC Health Services Research (2016) 16:384

Page 7 of 7

Veterans Affairs Medical Center – San Francisco, 4150 Clement Street,
Mailstop 111R, San Francisco, CA 94121, USA. 3Division of Rheumatology,
1001 Potrero Ave, SFGH 30, San Francisco, CA 94110, USA.
Received: 23 July 2015 Accepted: 18 June 2016

References
1. Schoels M, Knevel R, Aletaha D, Bijlsma JWJ, Breedveld FC, Boumpas DT,
Burmester G, Combe B, Cutolo M, Dougados M, Emery P, van der Heijde D,
Huizinga TWJ, Kalden J, Keystone EC, Kvien TK, Martin-Mola E, Montecucco
C, de Wit M, Smolen JS. Evidence for treating rheumatoid arthritis to target:
results of a systematic literature search. Ann Rheum Dis. 2010;69:638–43.
2. Saag KG, Gim GT, Patkar NM, Anuntiyo J, Finney C, Curtis JR, Paulus HE,
Mudano A, Pisu M, Elkins-Melton M, Outman R, Allison JJ, Almazor MS,
Bridges SL, Chatham WW, Hochberg M, Maclean C, Mikuls T, Moreland LW,
O’Dell J, Turkiewicz AM, Furst DE. American College of Rheumatology 2008
recommendations for the use of nonbiologic and biologic diseasemodifying antirheumatic drugs in rheumatoid arthritis. Arthritis Care Res.
2008;59:762–84.
3. Anderson J, Caplan L, Yazdany J, Robbins ML, Neogi T, Michaud K, Saag KG,
O’Dell JR, Kazi S. Rheumatoid arthritis disease activity measures: American
College of Rheumatology recommendations for use in clinical practice.
Arthritis Care Res (Hoboken). 2012;64:640–7.
4. Grigor C, Capell H, Stirling A, McMahon AD, Lock P, Vallance R, Kincaid W,
Porter D. Effect of a treatment strategy of tight control for rheumatoid
arthritis (the TICORA study): A single-blind randomised controlled trial.
Lancet. 2004;364:263–9.
5. Verstappen SMM, Jacobs JWG, van der Veen MJ, Heurkens AHM, Schenk Y,
ter Borg EJ, Blaauw AAM, Bijlsma JWJ. Intensive treatment with
methotrexate in early rheumatoid arthritis: aiming for remission. Computer
Assisted Management in Early Rheumatoid Arthritis (CAMERA, an open-label
strategy trial). Ann Rheum Dis. 2007;66:1443–9.
6. Allaart CF, Geokoop-Ruiterman YPM, de Vries-Bouwstra JK, Breedveld FC,
Dijkmans BAC. Aiming at low disease activity in rheumatoid arthritis with
initial combination therapy or initial monotherapy strategies: The BeSt
study. Clin Exp Rheumatol. 2006;24(6 SUPPL 43):2–7.
7. Smolen JS, Aletaha D, Bijlsma JWJ, Breedveld FC, Boumpas D, Burmester G,
Combe B, Cutolo M, De Wit M, Dou-gados M, Emery P, Gibofsky A, Gomez-Reino
JJ, Haraoui B, Kalden J, Keystone EC, Kvien TK, McInnes I, Martin-Mola E,
Montecucco C, Schoels M, Van Der Heijde D. Treating rheumatoid arthritis to
target: Recommendations of an international task force. Revmatol. 2012;20:5–16.
8. Rheumatoid Arthritis: Assessment of Disease Activity [http://www.
qualityforum.org/]. Accessed 1 Feb 2016.
9. Curtis JR, Sharma P, Arora T, Bharat A, Barnes I, Morrisey MA, Kilgore M, Saag
KG, Wright NC, Yun HG, Delzell E. Physicians’ explanations for apparent gaps
in the quality of rheumatology care: Results from the US Medicare Physician
Quality Reporting System. Arthritis Care Res. 2013;65:235–43.
10. Newman ED, Lerch V, Jones JB, Stewart W. Touchscreen questionnaire
patient data collection in rheumatology practice: Development of a highly
successful system using process redesign. Arthritis Care Res. 2012;64:589–96.
11. Newman ED, Lerch V, Billet J, Berger A, Kirchner HL. Improving the quality
of care of patients with rheumatic disease using patient-centric electronic
redesign software. Arthritis Care Res (Hoboken). 2015;67(4):546–53.
12. Taylor MJ, McNicholas C, Nicolay C, Darzi A, Bell D, Reed JE. Systematic
review of the application of the plan-do-study-act method to improve
quality in healthcare. BMJ Qual Saf. 2014;23:290–8.
13. Carey R. Improving Healthcare with Control Charts: Basic and Advanced SPC
Methos and Case Studies. Milwaukee: ASQ Quality Press; 2003.
14. DAS28/ACR-EULAR criteria on the App Store on iTunes [https://itunes.apple.
com/us/app/das28-acr-eular-criteria/id443707029?mt=8]. Accessed 1 Feb 2016.
15. Saag KG, Yazdany J, Alexander C, Caplan L, Coblyn J, Parekh Desai S,
Harrington T, Liu J, McNiff K, Newman E, Olson R. Defining quality of care in
rheumatology: The American College of rheumatology white paper on
quality measurement. Arthritis Care Res. 2011;63:2–9.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

