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Abstract

Objectives: 1. to assess the validity of an electronically comorbidity assessment strategy to identify comorbid
conditions among inflammatory arthritis patients in standard practice. 2. To evaluate the impact of e-comorbidity
assessment on the patients’ care and adherence to therapy.

Methods: A cohort of 112 RA and 111 PsA subjects diagnosed according to RA ACR/EULAR criteria and PsA
CASPAR criteria were followed longitudinally for 36 months. The patients were classified into a study group (112
patients) whose electronic patient-reported comorbidities were compared to a control group of 111 patients who
were managed according to standard protocols. The sensitivity, specificity, positive and negative predictive values of
the electronic data entry were compared to ICD-10 medical record (reference standard) and rheumatology clinic
visits outcomes.

Results: The sensitivity for identifying comorbidities using the electronic approach (median, 99.2%; interquartile
range [IQR]: 96%-100%) outperformed those recorded using using ICD-10 codes (median, 66%; IQR: 50%-74%);
and those recorded using clinic letters (median, 38%; IQR: 32%-54%). The median PPV and NPV were 97.7% (IQR:
96-100%) and 99.6% (IQR: 99-100%) for the e-comorbidity tool Vs 61.8% (IQR: 41%-76%) and 97.4% (IQR:
91%-98%) for the ICD-10 codes, physician recorded comorbidity respectively. The patients’ adherence to anti-
rheumatic therapy was significantly (p<0.1) higher in the studied group.

Conclusions: e-comorbidity assessment offered a specific and dynamic approach tailored to the patient’s needs
over the 3-years study period, which is applicable in standard practice. Patient reported e-comorbidity outperformed
the standard medical recording systems and can have a role in healthcare management and research.

Keywords: E-comorbidity; e-PROMs; Rheumatoid arthritis
comorbidity index; Psoriatic arthritis comorbidity index; Adherence

Introduction
The introduction of new treatment policies such as “Window of

Opportunity” [1] and “Treat to Target” [2] as well as the development
of highly effective treatment approaches including DMARDs and
biologic therapies; have led to significant improvements in the
inflammatory arthritis long-term prognosis and expectations.
However, the rheumatoid arthritis patients’ life-span, as reported in
earlier studies, remains shorter than age-matched healthy subjects
[3-5]. This was attributed to inflammatory arthritis associated
comorbidities. Comorbidity has been defined as the presence of one or
more additional diseases or disorders co-occurring (that is,
concomitant or concurrent with) with a primary disease [6]. Earlier
studies revealed increase prevalence of cardiovascular and pulmonary
diseases, higher infection rates, greater incidence of falling and

fracturing with osteoporosis in the background in rheumatoid arthritis
patients [7-11]. Recent prospective study [12] revealed the dynamic
nature of comorbidity in patients living with inflammatory arthritis
and that the development of comorbidities might be linked to the
disease activity itself, behavioral risk factors such as smoking and
drinking as well as medications used. Early detection and management
of such comorbidities is expected to have a significant positive impact
on the patient’s outcomes, hence, closer and regular monitoring of the
patient has been suggested to optimize management of comorbidities
in inflammatory arthritis patients.

The adoption of “Patient Centred Care” highlighted the need to
invest in measures that will help in managing and monitoring arthritic
patients and assess whether the health system delivers what matters
most to people. Reliance on clinical indicators gives only a partial view
of the value of management provided. What people really care about is
to live without significant morbidity or mortality, lessen the disease
impact on their wellbeing and their ability to play an active role in
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society. Patient derived indicators as well as experience has been
suggested to secure proper management outcomes and greater patient
satisfaction. Electronic data recording has been endorsed not only for
its ability to improve the health care provided, but also for its role in
monitoring the patients’ medical status, disease activity, functional
abilities, quality of life, medication monitoring and comorbidity (ies)
[13]. Tracking disease activity status outside the standard clinical
setting, supported by appropriate patient education, has the potential
of enhancing better disease control and minimizing the mortality/
morbidity risk. This turns the “static” data collected in the patient’s
visit, into “live” one able to reflect the current patient’s status.

This work was carried out aiming at determination of the validity of
an electronic assessment strategy to identify comorbid conditions
among RA and PsA patients for use in standard practice; and to
evaluate the impact of e-comorbidity assessment on the patients’ care
and adherence to therapy.

Methods
Study design: This was a double blind randomized, controlled, study,

which included 112 early RA patients diagnosed according to the
ACR/EULAR criteria [14] and 111 Psoriatic arthritis patients
diagnosed according to CASPAR criteria [15]. The patients were
followed longitudinally from baseline for an average of 36 months
duration.

Participants
Recorded Patients’ characteristics included age, gender, body mass

index, marital, level of education and socioeconomic status in addition
to history of smoking and alcohol intake. DAS-28 score was used to
assess the Disease activity-using erythrocyte sedimentation rate (ESR)
Disease  impact  was  evaluated  based  on  the  patient’s  functional
ability; quality of life as well as history of structural joint damage
caused by RA (eg, total joint replacement, arthrodesis, resection of
metacarpophalangeal or metatarsophalangeal joints). Current and past
medications taken to treat RA were also recorded, including non-
steroidal anti-inflammatory drugs, corticosteroids and synthetic and
biological disease-modifying anti-rheumatic drugs (DMARDs).

Medical management: On confirming the diagnosis, DMARD(s)
therapy was commenced following EULAR guidelines [16], adopting
shared decision approach [17]. According to guidelines, a combination
of disease-modifying anti-rheumatic drugs (DMARDs) (including
methotrexate and at least one other DMARD, plus short-term
glucocorticoids) is offered as first-line treatment. In people for whom
combined DMARD therapy is not appropriate, DMARD monotherapy
was started, placing greater emphasis on fast escalation to a clinically
effective dose rather than on the choice of DMARD. Biologic therapy
was commenced for those patients whose disease remained active (RA:
DAS-28 > 5.1, PsA: Disease Activity for Psoriatic Arthritis (DAPSA) >
28 [18], and/or Psoriasis Area, and Severity Index (PASI score) >20
[19]) after 6-month of DMARDs therapy. Monitoring disease (using a
composite score such as DAS-28 for RA patients and DAPSA for PsA
patients) was carried out initially monthly then 3-monthly until
treatment has controlled the disease activity.

Prior to their initial assessment, each patient completed a PROMs
questionnaire [20]. The questionnaire, whether in paper or electronic
format, includes 11 domains assessing for functional disability, quality
of life, VAS for joint pain, global status, fatigue, duration of morning

stiffness, as well as patient motivation questionnaire [21], and self-
reported joint pain/swelling.

History or current evidence of comorbidities: To efficiently identify
specific comorbid conditions, list of comorbidities was identified
according to RACI [12] and PsACI [22]. There were no time
restrictions placed on the queries or boxes to tick meaning
comorbidities found at any time were eligible. This was assessed,
compared to the patients’ notes and investigations. Once confirmed,
comorbidities were recorded highlighting the time of development and
management given. Comorbidity list included ischaemic heart disease
(myocardial infarction, stroke), infections (hepatitis), psychiatric
disorders (depression/ anxiety), lung disease (chronic obstructive
pulmonary disease (COPD), asthma), cancers (colon, skin, lung, breast
and uterus/ovaries for women, prostate for men) and lymphoma,
gastrointestinal diseases (diverticulitis, ulcers).

Coexisting risk factors: assessment for comorbidities included also
assessment for comorbidity associated risk factors including
cardiovascular diseases risk factors (hypertension, diabetes,
dyslipidaemia, family history of myocardial infarction or sudden
death), risk factors for cancers (family history of prostate, breast or
colon cancer; adenomatosus polyposis and/or personal history of
inflammatory bowel disease (for colon cancer), risk factors for
infectious diseases and vaccination status, and history of numerous
(>40) nevi for skin cancer.

223/251 patients agreed, initially, to participate in the work with
response rate 89.2%. After their clinical assessment, the patients were
randomly allocated (simple randomization) to either a study group or
a control group

1. Study group (112 patients): The study group patients attended,
individually, an educational session to learn how to assess themselves
for swollen joints, and how to complete an online e-PROMs. They were
also taught how to monitor their disease activity status and meaning of
DAS-28/ RAPID3 cut off points as well as treatment targets. On
monthly basis, each patient completed an online e-comorbidity survey
as part of an e-PROMs questionnaire. If the patient ticked any
comorbidity, the whole box turns red. The e-PROMs enabled the
automatic calculation of DAS-28 [23] and RAPID 3 [24] scores. Also
the electronic format of the questionnaire enlists all the comorbidities
the patient might have next to the disease activity measures. All the
patients were assessed in the outpatient clinic every 3 months by a
rheumatologist who is blinded to the patient treatment follow up
approach. Medication intensification or change was considered in view
of the patient reported outcomes data and disease activity measures.

2. A control group (111 patients) continued their monthly
assessment and management in the outpatient clinic for 6 months after
which they were assessed every 3-month. Prior to their assessment,
every patient completed a paper format of the PROMs questionnaire.
The treating rheumatologist was blinded to the patients’ treatment
approach. All the completed paper PROMs forms were filed in the
patients’ notes and shared with the patients during their consequent
visits. List of the patients’ comorbidities was included in the patient’s
clinic letter. Copy of the clinic letter was also sent to the patients
individually. PROMs data were used to guide clinical care and
medication changes.

All the patients in both groups were given access to telephone advice
line to contact, should they have any query or if they sustain any flare
up of their symptoms or a problem with their current medications. If
required, the patients were reviewed earlier in a hot clinic (set up for
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acute joint pain or inflammation). Treatment was adjusted according
to their disease activity status.

Comorbidity assessment
Cardiovascular (CV) disease: Optimum monitoring was considered

if all measurable CV risk factors, namely: blood pressure, serum
glucose, lipids and creatinine were evaluated and recorded at least once
over the past year. Infections: Optimum monitoring was considered if
(a) dental check was carried out for the patient once in the past year;
(b) for patients aged >65 years or receiving biological DMARDs, if a
pneumococcal vaccination was administered within the last 5-years
and influenza vaccination in the last 12-months; and (c) for patients
ever received biological DMARDs, if viral hepatitis screen (HBV and
HCV) had ever been carried out. Cancer: optimum monitoring was
considered (bearing in mind the patient’s gender and age) for the
population at high risk, and following each cancer’s screening
recommendations. For breast cancer, subjects at risk include (a)
women >50-years old without breast cancer history and (b) women of
all ages who do not have any personal history of breast cancer but have
a positive family history of breast cancer; for both groups, optimum
monitoring was considered if they had a mammogram done during the
past 2-years. Regarding cancer cervix screening, population at high
risk included women of all ages without history of cervix cancer;
optimum monitoring was considered if a cervical smear test was
carried out within the last 3-years. For colon cancer, patient at high
risk included: all patients >50-years. Optimum monitoring was
considered if testing for faecal occult blood was carried out at least
once during the last 2-years. The patients, who had at least one risk
factor for colorectal cancer including history of inflammatory bowel
disease, positive family history of cancer colon or adenomatous
polyposis, were identified as optimally monitored and if colonoscopy
was at least carried out once. For skin cancer, high risk patients
included those with >40 naevi or those who had ever received biologic
DMARDs. Optimum monitoring was considered if the patient was
reviewed by a dermatologist at least once in the last year [12].

The intervention: e-Comorbidity questionnaire was made available
on computers/smartphones and tablets. A link was provided so that
patients could access it on whatever device they had. The questionnaire
had to be completed in one go. There were no age restrictions among
the patients included in this work. To bridge the digital illiteracy
challenge, older adults who have limited experience/ access to
computers could seek help from relatives. Reminders appear on the
screen if a question or more was missed. To make it easier, touch rather
than tick/circle was used to choose a response on the gadget.

End of the study: Post treatment questionnaire: At the end of 36-
months of management every patient participating in the study was
asked to complete a 5-items questionnaire [15] to assess the patient’s
perspective of how their disease was monitored and discussed, and
expectations for improvement and the credibility of the intervention
whether visual feedback (in the study group) or the paper format (for
the control group). These scales were administered using numerical
VAS (scale 0-10, where “0” equals not at all and “10” corresponds to
the maximum of that measure). The 5 items were asking the patient
“Did the questionnaire?”

• 1. Help you understand the effect of treatment on your disease,
2. Motivate you to take medication,
3. Increase trust in the treating doctor,
4. Alleviate concerns about the future,
5. Help you coping with daily life and the disease.

Validation of e-Comorbidity: The reliability of e-comorbidity
monitoring was assessed by comparing comorbidity status of patients
as identified via the electronic system to the comorbidity status as
identified via the International classification of diseases “ICD-10” (the
gold standard) as well as physician reported comorbidity as recorded
in the clinic letter. The patients who were truly negative / positive for
comorbidities were identified using the gold standard. Reliability (as
demonstrated by negative predictive value) was calculated as follows:

Negative predictive value = True negatives/ True negatives + False
negatives.

Positive predictive value = True Positives/ True positives + False
positives.

Negative predictive values greater than 80% were considered to be
acceptable. Negative predictive values greater than 90% were
considered to be good quality.

Comprehensibility of both e-Comorbidity and paper format
questionnaire were assessed using VAS (scale 0-10).

Adherence to therapy: All patients received their RA medications
from the hospital pharmacy and adherence measurement was based on
the pharmacy data. Adherence, as defined by Cramer et al [16], was
evaluated using the parameters of compliance and persistence.
Compliance was estimated by the medication possession ratio (MPR)
and persistence by the time from treatment initiation to
discontinuation with no medication refill gap for a period of 30 days or
more during the period of interest. MPR was defined as the ratio of
actually available doses against the expected doses that the patient
should possess over a fixed period of time. Patients were rated as
having good compliance if the annual MPR ≥ 80%.

Cost Effectiveness was assessed based on:

• 1. The number of visits to the clinic whether in the primary or
secondary care;
2. Adherence to therapy; and
3. Number of interventional procedures carried out during the
study periods.

Outcome measures
Primary end-point: equivalence of outcomes of the electronic and

standard formats. Secondary end points: the patients’ adherence to
their medications by the end of the assessment period and actions
taken to assess and manage the comorbidity risk.

Ethical approval
Local ethical and methodological protocols for approval of the study

were followed. All patients who participated in the study signed an
informed consent according to the Declaration of Helsinki General
Assembly (October 2008).

Statistical Analysis
Data collected was introduced to a database for data management

and statistical analysis using the 16th version of SPSS. Categorical
variables are expressed as number and percentage i.e. frequency tables,
while quantitative scaled variables are presented as mean and standard
deviation. Negative and positive predictive values between specific
groups were compared using an exact version of Pearson’s chi-square
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test. 95% confidence intervals were calculated using an exact test for
proportions and significance level was set at α=0.05.

Results

Demographic measures
At baseline, there were no significant differences among the

treatment groups with regard to age, sex, race, disease duration,
socioeconomic status, or other comorbidities. Mean age in the study
group was 52.3 ± 11.5 years, whereas it was 53.1 + 12.1 years in the
control group. Females were 85/112 (75.9%) in the study group,
whereas they were 84/111 (75.7%) in the control group. Considering
education level, there was no significant difference between the 2
patients’ groups studied (Low: 22/112 (19.6%) Vs 21/105 (18.9%);
Medium 66/112 (58.9%) Vs 65/111 (58.6%); and high in 24/112 (21.4%
Vs 25/111 (22.5%) in the study and control groups respectively). Mean
disease duration in the study group was 7.2 ± 2.2 months, whereas it
was 7.1 ± 2.6 months in the control group. Table 1 depicts a
comparison of the baseline data in both groups assessed. 17/112
(15.2%) of the study group required help from a relative to complete
the e-PROMs questionnaire (mean age was 74.7+4.3), whereas 18/111
(16.2%) from the control group needed help to read their
questionnaire as they had forgotten their reading glasses or needed
help in reading the questionnaire. Comprehensibility of e-PROMs was
9.3+0.4 whereas it was 9.2+0.3 for the paper format (total score 10).

Characteristic Study Group
Control
Group

Number of Patients 112 111

Age (years) (mean + SD)* 52.3+11.5 53.1 ± 12.1

Disease duration (month) (Mean + SD) 7.2 + 2.2 7.1 + 2.6

Tender joint count (28 joints) (mean + SD)* 11.6 ± 4.3 12.1 ± 3.7

Swollen joint count (28 joints) (mean + SD)* 4.5 ± 2.6 4.4 ± 2.8

Functional Disability* 1.92 ± 0.4 1.91 ± 0.4

DAS-28 score (mean + SD)* 4.9 ± 0.6 4.8 ± 0.8

RAPID-III score (mean + SD)* 7.7 ± 0.8 7.8 ± 0.7

Prevalence of +ve Rheumatoid factor³ 52.70% 53.10%

Prevalence of +ve Anti-CCP³ 71.30% 72.10%

Patients on DMARDs Therapy³
78/112
(69.6%)

76/111
(68.5%)

Patients on Biologic + DMARDs therapy³
33/112
(29.5%)

32/111
(28.8%)

*Student t-test - ⌑Chi squared Test. P>0.05 not significant

Table 1: Comparison of the baseline demographics, clinical and
laboratory data in studied group of patients versus the control cohort.

Prevalence of comorbidities
There was a variation of the comorbidity prevalence in association

with the disease activity and duration of illness. Table 2 shows a
comparison of the prevalence of comorbidities assessed in the patient

cohort included in this work at base line, 1-year, 2-years and 3-years of
management.

Comorbi
dity

Baseline At 1-years At 2-years At 3-years

 No % 95%
CI

No % 95%
CI

No % 95%
CI

No % 95%
CI

Depressi
on

146
/
223

6
5.
5

59.3
–
63.6

113/
223

5
0.
7

27.7
-
31.3

103
/
223

4
6.
2

13.5
-
19.9

84/
22
3

3
7.
7

14.4-
18.9

Anxiety 151
/22
3

6
7.
7

56.1
–
60.4

138
/22
3

6
1.
9

38.4
-
43.1

115/
223

5
1.
6

15.3
-
19.4

92/
22
3

4
1.
3

19.8-
202.
7

Diabetes
M

40/
223

1
7.
9

16.3-
20.8

50/
223

2
2.
4

17.6
-
21.6

55/
223

2
4.
6

24.6
-
28.6

59/
22
3

2
6.
5

21.8-
26.4

Met Syn 14/
223

6.
3

3.3-
8.5

20/
223

8.
9

7.8-
11.6

22/
223

9.
9

8.9-
15.6

27/
22
3

1
2.
1

11.4-
15.8

IHD 18/
223

8.
1

14.6-
18.6

22/
223

9.
9

11.2
-
15.8

25/
223

1
1.
2

15.3
-
19.5

31/
22
3

1
3.
9

26.2-
31.4

MI 6/2
23

2.
6

1.5-
2.1

6/2
23

2.
7

1.6-
4.7

9/2
23

4 3.7-
7.6

12/
22
3

5.
7

4.2-
7.8

Hyperten
sion

23/
223

1
0.
3

7.3-
11.6

29/
223

1
3

10.3
-
14.4

31/
223

1
3.
9

27.3
-
31.6

41/
22
3

1
8.
4

26.2-
30.4

Hyperlip
demia

30/
223

1
3.
5

10.3-
14.5

34/
223

1
5.
2

12.4
-
16.2

36/
223

1
6.
1

13.1
-19.
4

40/
22
3

1
7.
9

28.8-
32.6

Arrhythm
ia

7/2
23

3.
1

3.1-
4.8

10/
223

4.
5

7.3-
11.7

12/
223

5.
7

9.4-
13.6

14/
22
3

6.
3

11.4-
16.3

CVD 2/2
23

0.
9

0.1-
0.4

3/2
23

1.
3

0.6-
3.1

5/2
23

2.
2

8.2-
12.4

7/2
23

3.
1

6.7-
10.6

PVD 1/2
23

0.
4

0.0-0
.3

2/2
23

0.
9

1.6-
4.3

3/2
23

1.
3

0.3-
3.7

4/2
23

1.
8

1.6-
4.9

Osteopor
osis

26/
223

1
1.
7

8.4-
13.6

33/
223

1
4.
8

13.3
-
17.6

41/
223

1
8.
4

14.2
-
19.5

49/
22
3

2
2

16.6-
20.5

Fracture 1/2
23

0.
4

0.0-
0.3

3/2
23

1.
3

0.3-
3.1

9/2
23

4 3.7-
7.6

28/
22
3

1
2.
6

9.6-
13.3

Fall 7/2
23

3.
1

3.1-
4.8

13/
223

5.
8

2.2-
6.9

21/
223

9.
4

6.3-
11.9

40/
22
3

1
7.
9

14.3-
19.6

Liver
disease

3/2
23

1.
3

0.3-
3.7

14/
223

6.
3

3.3-
8.5

31/
223

1
3.
9

11.1
-
18.2

44/
22
3

1
9.
7

16.1-
21.4

Renal
disease

4/2
23

1.
8

0.7-
4.1

6/2
23

2.
7

0.9-
4.1

15/
223

6.
7

4.1-
8.6

24/
22
3

1
0.
8

7.4-
12.8

Pulmona
ry

10/
223

4.
5

1.3-
6.7

14/
223

6.
3

4.3-
8.8

26/
223

1
1.
7

8.4-
13.6

36/
22
3

1
6.
1

13.1-
19.4
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GIT
disease

3/2
23

1.
3

0.3-
3.7

32/
223

1
4.
3

14.2
-
18.4

51/
223

2
2.
9

21.3
-
26.1

64/
22
3

2
8.
7

28.0-
32.5

Endocrin
e

5/2
23

2.
2

0.6-
3.2

13/
223

5.
8

2.2-
6.8

19/
223

8.
5

6.4-
10.7

26/
22
3

1
3

10.6-
15.7

Periodon
titis

1/2
23

0.
4

0.0 –
1.6

3/2
23

1.
3

0.3-
3.7

4/2
23

1.
8

0.7-
4.1

6 2.
6

1.7-
5.9

Smoking 33/
223

1
4.
8

12.3-
16.7

42/
223

1
8.
8

15.1
-
20.4

39/
223

1
7.
5

15.3 26/
22
3

1
3

10.6-
15.7

Infection 6/2
23

2.
7

1.5-
4.1

15/
223

6.
7

4.5-
8.7

29/
223

1
3

12.2
-
16.6

58/
22
3

2
6

23.4-
31.1

Vasculiti
s

1/2
23

0.
4

0.1-
1.6

11/2
23

4.
9

2.8-
7.1

26/
223

1
1.
7

8.5-
14.6

32 1
4.
3

12.3-
16.6

Osteoart
hritis

12/
223

5.
4

3.7 –
5.6

28/
223

1
2.
6

9.0-
14.2

39/
223

1
7.
5

15.3 56/
22
3

2
5.
1

23.4-
41.3

Fibromy
algia

5/2
23

2.
2

1.1-
3.2

14/
223

6.
3

4.3-
8.8

24/
223

1
0.
8

7.4-
12.8

32/
22
3

1
4.
3
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Amyloido
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0 0 0 0 0 0 0 0 0 0 0 0
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inflame/
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4.1

9/2
23

4 3.7-
7.6

15/
223
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7

4.5-
8.7

31/
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11.1-
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Tumour 1/2
23
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4

0.0 –
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2/2
23

0.
9

0.1-
0.4

3/2
23

1.
3

0.3-
3.7

6/2
23

2.
7

0.9-
4.1

Table 2: Comparison of the prevalence of comorbidities assessed in the
patient cohort included in this work at base line, 1-year, 2-years and 3-
years of management in both groups.

The sensitivity for identifying comorbidities using the electronic
approach ranged from a minimum of 94% for atlanto-axial sublaxation
to a maximum of 100% for cardiovascular risk (median, 99.2%;
interquartile range [IQR]: 96%-100%). Sensitivities for extracting
comorbidities using ICD-10 codes ranged from a minimum of 8% for
Anxiety to 100% for tumors (median, 66%; IQR: 50%-74%) whereas,
Sensitivities for extracting comorbidities using Physician reported
comorbidities ranged from a minimum of 4% for falls risk to 100% for
diabetes and tumors (median, 38%; IQR: 32%-54%) (Table 3).

 e-Comorbidity ICD-10

Median PPV (IQR) 97.7% (96-100%) 61.8%* (41-76%)

Median NPV (IQR) 99.6% (99-100%) 97.4% (91-98%)

PPV: Positive Predictive Value; NPV: Negative Predictive Value; IQR:
Interquartile Range

Table 3: Positive and negative predictive values of the electronic data
entry versus ICD-10 codes.

Outcome measures
Analysis of the parameters of 1-disease activity (DAS-28 and

RAPID-III) did not reveal any significant difference in both groups at
baseline, 24 and 36 months of treatment. There was a trend toward
better improvement of the 2-risk factors such as blood pressure, blood
sugar levels as well as lipid profile. This started to appear by the second
year of management and persisted through the 3rd year, though has
not reached a significant difference in comparison to the control group
(Table 4).

DAS-28 score baseline 24-months 36-months

 Active Control Active Control Active Control

DAS-28<3.2 18/112 (16.1%) 18/111 (16.2%) 63/112 (56.2%) 54/111 (48.6%) 88/112 (78.6%) 71/111 (64%)

Hb A1c (within Normal range) 82/112 (73.2%) 83/111 (74.8)% 85/112 (75.9%) 72/111 (64.9%) 89/112 (79.5%) 68/111 (61.3%)

Cholesterol (within normal range) 97/112 (86.6%) 96/111 (86.5)% 95/112 (84.8%) 87/111 (78.4%) 98/112 (87.5%) 78/111 (%) (70.3%)

Blood pressure 97/112 98/111 94/112 85/111 96/112 82/111

(within normal range) 86.60% 88.30% 84.30% 76.60% 85.70% 73.90%

Chi Squared test. P > 0.05 (not significant)

RAPID-III (mean +SD) 4.9 ± 0.3 5.1 ± 0.2 3.56 ± 0.2 3.58 ± 0.3 1.91 ± 0.3 2.69 ± 0.2

Student t-test. P > 0.05 (not significant)

Table 4: Disease activity scores (DAS-28 and RAPID 3) as well as comorbidity measures at baseline, 24 and 36 months of treatment.

Adherence to therapy
Results of the patient’s reaction toward their illness and its

management, by 36-months of therapy, in the study versus the control
group is shown in Table 5. There was a significant main effect in the

study group on subjects’ mean displays of adherence to medications
and coping with activities of daily living. Results of the study revealed
that 86.6% of the study group patients were adherent to their
medications in comparison to 68.5% in the control group (p<0.05). In
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addition, the study group was also less likely to stop their medication
because of intolerance, more able to cope with their activities of daily
living, and have less concern about their future (p<0.01). In both
groups, adherence to therapy was significantly correlated (p<0.01) with
knowledge about current medications and the patient’s involvement in
the decision making.

Parameter Active Group Control group

Adherence to medication 97/112 (86.6%) 76/111 (68.5%)*

Stop medications by the patient
because of intolerance 6/112 (5.4%) 21/111 (18.9%)*

Number of procedures done in the
clinic (over the study period) 49/112 (43.8) 78/111 (70.3%)*

Number of visits for flare up of the
disease that required early
assessment (over the study period) 24/112 (21.4%) 41/111 (36.9%)*

*p<0.05

Table 5: Patients’ reaction toward their illness, by 36 months of therapy,
in the study versus the control group.

Discussion
In contrast to clinical trials where patients are selected according to

specific inclusion criteria, patients seen in the rheumatology standard
practice tend to have multiple comorbidities and most likely they
would have been excluded from such trials. This highlights the
importance of doing studies to assess how these groups of patients are
monitored in standard practice and the impact of comorbidities on
their health as well as medical management. Further insight is also
needed into the impact of the primary disease on the comorbidities
management. This study was carried out aiming at assessment whether
comorbid conditions among patients living with inflammatory
arthritic conditions could be identified in standard practice; and to
evaluate the value of using technology, e-Comorbidity recording
system, on the patients’ care and adherence to therapy. Results revealed
that the used e-comorbidity tool provided a unique opportunity for
comorbidity management in standard practice, as it facilitated regular
recording and closer monitoring of the different comorbid conditions
as well as risk factors the patient might have. The patient had also the
opportunity to compare between his current comorbid conditions and
real-time disease activity score assessment. Furthermore, as the e-
Comorbidity was part of the original patient driven PROMs
questionnaire, the captured data were reliable and meaningful to both
the patients and the clinicians. Therefore, it supported the treating
rheumatologists in providing a patient-centred care, namely to identify
and track disease progression, the associated comorbidities status and
to integrate the prompt use of other-specific interventions into routine
clinical care. The outcome of such approach was reflected on achieving
the treatment target for the primary inflammatory arthritis disease as
well as comorbid condition, the patient might have. This comes in
agreement with the RA treatment recommendations set by organizing
bodies such as EULAR, ACR or the BSR [25-28] which stated that
patients should be aware that comorbidities may affect the outcome
and treatment of inflammatory arthritis, and that their screening and
management should be part of the global management of early
arthritis”.

There has been a discrepancy between the comorbidities recorded
based on the data source. The sensitivity for identifying comorbidities
using the electronic patient-reported approach ranged from a
minimum of 94% for atlanto-axial sublaxation to a maximum of 100%
for cardiovascular risk (median, 99.2%; interquartile range [IQR]:
96%-100%). Sensitivities for extracting comorbidities using ICD-10
codes ranged from a minimum of 8% for Anxiety to 100% for tumors
(median, 66%; IQR: 50%-74%); whereas sensitivities for extracting
comorbidities using Physician reported comorbidities ranged from a
minimum of 4% for falls risk to 100% for diabetes and tumors
(median, 38%; IQR: 32%-54%). These results agree with an earlier
published study [29] which investigated the prevalence of reporting
and level of agreement of three specific comorbidities (namely, cancer,
diabetes and hypertension), amongst 1787 rheumatoid arthritis
patients, independently ascertained from rheumatologists, patients and
health administrative data. Results revealed that the prevalence of
cancer, diabetes and hypertension reported by rheumatologists were
lower than those reported by both patients and administrative data.
Patients reported more cancers than rheumatologists and
administrative data, which are further illustrated in the lower
sensitivity of administrative data in detecting cancers. The accuracy of
administrative data for comorbidity ascertainment was modest to
excellent, regardless of the reference standard definition. In another
study [30] which included 3219 patients with chronic kidney disease,
routine hospital administrative data were compared to clinician-based
case note review comorbidity data. For most comorbidities reported,
there was a higher prevalence recorded from case notes compared to
administrative data. Interestingly, in concordance to this study results,
there was a variable level of agreement regarding which comorbidity
has been recorded. Whilst hospital administrative comorbidity data
compared moderately well with case note review data for
cerebrovascular disease, ischemic heart disease and diabetes, there was
significant under-recording of some other comorbid conditions, such
as anxiety, neurological manifestations, as well as falls.

E-Comorbidity assessment offered a specific and dynamic approach
tailored to the patient’s needs over the 3-years study period, which is
applicable in standard practice. Overall negative predictive value was
99.6% (99-100%) in the e-Comorbidity cohort. The high specificity
(>97%) for all comorbidities, indicated that the patient reported e-
Comorbidity did not include conditions that were not actually present.
The low rate of false positives associated with high specificity may
explain the generally high positive predictive value 97.7% (96-100%)
for most of the conditions. The lower positive predictive value reported
in this study in the ICD-10 extracted comorbidity data, indicates that
electronic search strategies may not be reliable, in inflammatory
arthritic patients, to extract comorbidities from electronic medical
records. However, these less significant associations in subjects living
with inflammatory arthritis might be attributed to the dynamic nature
of comorbidities in inflammatory arthritis patients reported in this
work.

In addition to its value in recording the patients’ associated diseases,
the novelty and significance of the study is supported by its outcomes
which revealed that e-Comorbidity helped to optimize the patients’
adherence to their treatment not only for their inflammatory arthritis
but also for their comorbidities. Perhaps this could be the first study
assessing the impact of sharing the patient reported comorbidity and
their adherence to therapy. Outcomes of earlier studies [31-33] focused
on patient reported outcomes and disease activity parameters. A recent
study [34] which implemented electronic patient reported outcomes in
rheumatoid arthritis revealed that the patients’ perception of their
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therapy was augmented with sensor technology and that, in addition to
the reported findings, implementing e-Comorbidity in standard
practice did improve patient-rheumatologist communication during
clinic visits. Outcomes of this work showed that e-Comorbidity alerted
clinicians to needs for monitoring and symptom management between
visits. This agrees with earlier studies results which highlighted the
value of electronic systems in the long-term monitoring and
management of patients’ chronic conditions. Furthermore,
emphasizing the patient’s comorbidities for both the treating clinician
and the patients, facilitated the development of educational programs
tailored to the patient’s comorbidity and needs. The electronic format
enabled the treating health care professional to have systematically
collected data not only about the disease but also about associated
comorbidities which support the clinical decision-making process.
These features have been found to improve patient satisfaction with
their care and have the potential to improve long-term management
outcomes. On another front, the significant correlation between
adherence to therapy and the information the patients get about their
medication as well as the patient’s contribution in the decision making,
highlight the importance of Shared Decision Making in the
management process [17].

In conclusion, patient reported e-comorbidity outperformed the
standard medical recording systems and can have a role in healthcare
management and research. The comorbidity incidence follows a
dynamic pattern, hence regular monitoring of patients living with
inflammatory arthritis is highly recommended. Reclassifying RA
patients according to their comorbidity risk would have a positive
impact on their adherence to therapy, early assessment of
comorbidities with subsequent preventive or treatment decisions.
Assessment of the comorbidity risk should be considered in every
patient visit to the rheumatology clinic. Management of the patient
should be tailored to the patient’s disease status as well as comorbidity
risk.
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