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Abstract
Background: Rheumatoid arthritis (RA) is a heteroge-
neous autoimmune disease whose etiopathogenesis is 
largely unknown. Available treatments, though effective, 
are insufficient in so far as there is no cure for a major pro-
portion of patients. In those patients the disease becomes 
chronic with progressive joint damage, disability, and limita-
tion of participation. Current treatment approaches include 
pain-relieving drugs and anti-inflammatory medications that 
slow joint damage, combined with physical therapies involv-
ing a well-balanced, highly personalized sequence of rest 
and exercise. As pain-relief, overall activity, mobility and 
participation are vital indicators of disability and response to 
RA treatment, regular patient feedback in this respect is key 
to a successful monitoring of the long-term effect of therapy. 
To manage such feedback, we have developed an easy-
to-use self-assessment tool “Activity Index” (AI) for tablets 
and smartphones that enables regular assessments of RA 
improvement and/or deterioration in the patients’ home 
environment. In this normative study we addressed the 
questions of (1) The AI sensitivity regarding the resolution 
of small between-patient differences; and (2) The external 
validity of the AI instrument when compared with “objec-
tive” laboratory and x-ray measures and the HAQ disability 
index.
Data material and methods: Our sample was comprised 
of 100 Chinese RA patients under treatment with two re-
peated assessments at 14-day intervals. Patients were re-
cruited from the consecutive daily admissions at the Beijing 
General Hospital. As part of the recruitment, patients were 
documented in terms of socio-demographic characteristics 
and previous RA history. The repeated assessments relied 
on a standardized clinical protocol along with the self-rat-
ing instruments AI and HAQ (Stanford Health Assessment 
Questionnaire). The clinical protocol encompassed several 
laboratory methods in order to “objectively” quantify severity

of illness and joint damage: rheumatoid factor “RF”; anti-cy-
clic citrullinated peptide “anti-ccp”; X-ray; and MRI. All sta-
tistical analyses were carried out by means of the Statistical 
Analysis Software SAS 9.3 with PROCs FREQ, MEANS, 
TTEST, CORR, REG, and GLM [unbalanced data].
Results: Based on a RA patient sample where 84% of 
study patients were treated in an outpatient nursing care 
setting, we validated our newly developed AI instrument 
for tablets and smartphones by (1) A comparison with the 
standard Health Assessment Questionnaire HAQ (indirect 
validation); and (2) Regression and correlation analyses 
focusing on the “objective” clinical quantity “joint damage” 
(external validation). The 10-item tablet/smartphone-based 
AI was found to measure essentially the same as the 20-
item questionnaire-based HAQ, a finding that was under-
lined by a highly significant between-instrument correlation 
of r = 0.732 (p < 0.0001). In terms of external validity, the 
AI displayed a highly significant correlation of r = 0.429 (p 
< 0.0001) with the clinical quantity “Swollen Joints”, thus 
demonstrating the instrument’s efficiency in outpatient 
nursing care settings. By contrast, simple self-assessment 
scores of the form “Estimated Percentage of impairment 
[%]” yielded unsatisfactory results. No statistically signif-
icant clinical changes were seen over the 14-day obser-
vation period, so that the GLM approach to constructing a 
multivariate predictor model failed and led to inconclusive 
findings (model fit ≤ 0.0852).
Conclusion: Our analyses revealed the validity of the AI 
instrument as well as its efficiency in outpatient care set-
tings, thus clearing the way for routine applications among 
patients under RA therapy. Ultimately, this monitoring ap-
proach will enable physicians to verify and optimize re-
sponse to therapy in each individual patient through a more 
“personalized medicine”. Beside assessing disease activity, 
the monitoring tool has the ability to assess the subjective 
disability for long term monitoring. The activity Index (AI) is
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reported outcomes. The disability score together with 
the restriction of participation is necessary to quantify a 
long-term effect of a successful therapy. The “Stanford 
Health Assessment Questionnaire” (HAQ) is a well-es-
tablished self-assessment instrument that quantifies 
the patients’ disabilities in a standardized way through 
the disability index “HAQ” [11,12]. Though routinely 
used for monitoring the time course of improvement 
among patients under treatment, it is not optimized as 
to the specifics of recovery among RA patients [13]. In 
addition, it does not capture the restriction of participa-
tion in daily life.

In consequence, we have developed an easy to use 
novel instrument called “Activity Index” (AI) that mod-
ifies and extends the HAQ in such a way that its sen-
sitivity regarding the assessment of RA consequences 
(improvement and/or deterioration) is considerably 
improved. The AI instrument has been specifically de-
signed as an easy-to-use self-assessment tool running 
on tablets and smartphones [14].

In a recent study from China it could be documented 
that functional disability was common in Chinese RA pa-
tients. A low quality of life and limitation of joint mobili-
ty had great impacts on functional disability [15].

In an empirical biometric study with repeated as-
sessments on 100 patients under RA treatment we 
addressed the following questions: (1) Performance of 
the AI instrument in comparison to the standard HAQ 
questionnaire score; (2) Sensitivity of the AI instrument 
regarding the resolution of subtle between-patient dif-
ferences as observed among RA patients under therapy; 
(3) External validity of the AI instrument regarding dis-
ability due to joint damage in comparison to “objective” 
laboratory measures; and (4) Comparison of the AI in-
strument to a self-rating of the patients disability status.

Data Material and Methods

Our sample was comprised of 100 Chinese RA pa-
tients under treatment with two repeated assessments 
at 14-day intervals (21 males, 79 females). Patients 
were recruited from the consecutive daily admissions 
at the Beijing General Hospital so that the full variety 
of between-patient differences inherent in the RA ill-
ness could be included in the study population. During 
recruitment, patients were documented in terms of so-
cio-demographic characteristics and previous RA histo-
ry (11 Items).

Once enrolled in the study, two repeated assess-
ments were carried out based on a standardized clinical 
protocol (41 items) along with two self-rating question-
naires namely the HAQ (20 items) and the AI (10 items). 
Functional disability was evaluated by the HAQ disabil-
ity Index. The index included 20 questions in eight ac-
tivity subdimensions. Dressing and grooming, arising, 
eating, walking, hygiene, reach, grip and common daily 
activities. The response alternative was 0, able without 

Background

Rheumatoid arthritis (RA) is a devastative autoim-
mune disease where the patient’s immune system at-
tacks joint tissues for unknown reasons, thus causing 
inflammation. The course of RA is in most cases chronic 
with disease activity ranging from mild to severe. RA can 
lead to serious joint damage and disability, causing suf-
ferers to lose the ability to work and to have a fulfilling 
life. The prevalence is about 0.6% in the general pop-
ulation worldwide with increased frequencies in older 
people. Across age classes, three times as many women 
suffer from the disease than men [1,2].

RA is not a single disease entity but characterized by 
etiologic heterogeneity and a broad spectrum of signif-
icant comorbidities, such as type 2 diabetes, cardiovas-
cular diseases, and psychiatric disorders [3]. Ethnicity 
and socio-cultural factors seem to play a minor role as 
revealed by direct comparisons between Europe, the US 
and China [4,5].

Current treatments, though effective, are insuf-
ficient in the sense that there is no cure for most pa-
tients. Treatment strategies include pain-relieving drugs 
and anti-inflammatory medications that slow joint dam-
age, combined with physical therapies that involve a 
well-balanced sequence of rest and exercise. In view of 
better compliance, exercise programs are highly per-
sonalized and tailor-made under consideration of the 
patients’ physical abilities, limitations, and needs; [6,7]. 
It has been reported that RA patients have an increased 
risk of experiencing functional disability with the pro-
longation of the course of disease [8]. A study from Chi-
na revealed that there was a higher prevalence of func-
tional disability in joint diseases compared with other 
diseases or traffic accidents [9].

Pain-relief, overall activity, mobility and restriction 
of participation are important indicators of response to 
RA treatment and long-term disability. Therefore, moni-
toring these quantities along with patient satisfaction is 
central to a successful therapeutic approach in the indi-
vidual patient. The DAS 28 has been widely used for dis-
ease activity assessment. This is important to adapt the 
drug treatment and to use “the treat to target strategy” 
[10]. However, there is no clear consensus about a stan-
dardized disability assessment. The disability assess-
ment can be divided in 2 categories namely an objective 
and subjective disability assessment. The subjective dis-
ability assessment can be captured by relevant patient 

easy to use and can be performed as an easy-to-use 
self-assessment tool for tablets and smartphones on the 
internet. The self-report documentation can be helpful for 
the treating physician during clinical visits and for long-term 
telemonitoring.

Keywords
Rheumatoid arthritis, Self-assessment tool, HAQ, QUALI-
TOUCH activity index, Disability
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with higher scores indicating more difficulty. Functional 
disability was defined as the HAQ score > 1 according 

difficulty, 1 able with some difficulty, 2 able with much 
difficulty and 3 unable. The HAQ scores ranges from 0-3 
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Figure 1: Age distribution for the entire sample of 100 patients suffering from rheumatoid arthritis. Even though the time duration 
of illness was with 10.9 versus 10.4 years very similar among males and females, significant sex-differences showed up regarding 
the mean age of 55.9 ± 15.3 years (females) versus 64.9 ± 9.0 years (males), thus suggesting an earlier age-of-onset for females.

         

Figure 2: Chinese Version of the Activity Index.
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[20], and MRI [21]. All empirical data were stored in a 
SAS databank (Statistical Analysis Software, version 9.3).

Statistical analyses were carried out by means of the 
Statistical Analysis Software SAS 9.3 [22], while a propri-
etary program of the Institute for Response-Genetics, 
University of Zurich, was used for random sampling and 
the generation of postscript plots.

As to the performance of the AI instrument in com-
parison to the standard HAQ, we estimated the extent to 
which HAQ and AI disability scores corresponded to each 

to previous studies [16,17]. The activity index is a short 
8 items questionnaire covering the subdimensions pain, 
quality of life and restriction of participation in daily life 
focusing on household, leisure and job activities (Figure 
2). The activity index is calculated by a Likert scale and 
has been validated in pain therapy. It can be used in an 
e-health format in the internet or mobile phone [14].

The clinical protocol encompassed several laborato-
ry methods to “objectively” quantify severity of illness 
along with joint damage (rheumatoid factor “RF” [18], 
anti-cyclic citrullinated peptide “anti-ccp” [19], X-ray 
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Figure 3: Scatter diagram “HAQ Score” as derived from the Stanford Health Assessment Questionnaire (HAQ) versus “Ac-
tivity Limitation” as derived from the newly developed Activity Index Instrument (AI). The variation inherent in the HAQ (20 
Items) is, by construction, larger than that of the AI (10 Items). Nonetheless, the 2 instruments appear to measure essentially 
the same as indicated by the highly significant between-instrument correlation of r = 0.732 (p < 0.0001).
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Figure 4: Scatter diagram “Swollen Joints” as derived from quantitative clinical assessments versus “Activity Limitation” as 
derived from the newly developed Activity Index Instrument (AI). The highly significant correlation of r = 0.429 (p < 0.0001) 
with “objective” laboratory quantities demonstrates the external validity of the AI instrument.
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15.3 years significantly younger than male patients with 
a mean age of 64.9 ± 9.0 years (p = 0.01). Additionally, 
female patients exhibited a more severe form of the ill-
ness (p = 0.01). By contrast, no statistically significant 
sex differences showed up regarding the time duration 
of illness (10.9 versus 10.4 years), thus suggesting an 
earlier age-of-onset among females. The age distribu-
tion for the sample is given in Figure 1.

Of these study patients, 84% were treated in an out-
patient nursing care setting, thus being an ideal target 
population for testing our newly developed self-assess-
ment tool that monitors pain-relief, overall activity and 
disability in the patients’ home environment. Ultimate-
ly, this monitoring approach will enable the doctors in 
charge to verify and optimize response to therapy in 
each individual patient and to monitor the long-term 
outcome of disability and participation.

In the next step, we determined the extent to which 
the patients’ scores derived through the “Stanford Health 
Assessment Questionnaire” (HAQ) correspond with the 
scores derived through the newly developed “Activity In-
dex Instrument” (AI). The variation inherent in the HAQ 
(20 Items) is, by construction, larger than that of the AI (10 
Items). This is a critical point since larger variation typically 
means better resolution regarding the resolution of sub-
tle between-patient differences. Contrary to expectations, 
the two instruments turned out to measure essentially the 
same as indicated by the highly significant between-in-
strument correlation of r = 0.732 (p < 0.0001). The Scatter 
diagram “HAQ Scores” versus “AI Scores” illustrates this 
finding in an intuitive way (Figure 3).

To externally validate the AI through “objectively” as-
sessable laboratory quantities we have carried out a re-

other by means of correlation and regression analyses. 
The sensitivity of the AI instrument regarding the reso-
lution of subtle between-patient differences pertinent 
to RA patients under therapy was determined through 
an analysis of variance (ANOVA) along with scatter plots 
that detailed the empirical variations. In this context it 
is worth noting that “variation” is directly linked to “in-
formation”: the larger the between-patient variation in 
terms of the variables under investigation, the better the 
resolution of between-patient differences.

In addition to the comparison with the standard HAQ 
(indirect validation), the AI disability scores were exter-
nally validated by means of regression and correlation 
analyses based on the clinical quantity “joint damage” 
which was assessed by X-rays and “objective” laborato-
ry measures of disease activity. Finally, using a general-
ized linear model (GLM) we aimed to construct a multi-
variate predictor model and related classifiers from the 
patients’ repeated assessments in order to determine 
the extent to which a suitable combination of variables 
measured at entry into study can predict later outcome.

The study was approved by the local ethics commit-
tees and written informed consent was obtained from 
all participants. There are no conflicts of interest.

Results

When recruiting our study population from the con-
tinuous daily hospital admissions at the Beijing General 
Hospital the first 100 eligible RA patients were 79 fe-
males and 21 males, so that the female to male ratio 
deviated to some extent from the ratio of 3:1 as pre-
dicted by worldwide, ethnicity-independent prevalence 
data. Female patients were with a mean age of 55.9 ± 
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Figure 5: In contrast to the newly developed Activity Index Instrument (AI), a simple self-assessment Score of the form “Esti-
mated Percentage of impairment [%]” yields unsatisfactory results: A majority of patients place themselves rather indifferently 
somewhere around 32.5% as shown by the above scatter diagram “Impairment [%]” versus “Activity Limitation”.
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course of 20 years. It could be documented that pa-
tients should be treated within the first 6 months after 
first symptoms [23]. Other factors such as obesity and 
illiteracy can contribute to the progression of disability 
in RA patients [24,25]. The most important factor which 
influences poor patient reported outcomes such as the 
HAQ and the AI is high disease activity [26]. In elderly 
RA patients’ pain and depression are modifiable factors 
which are associated with disease activity and are there-
fore related to disability [16]. However, it is still unclear 
which assessment instruments should be used for long-
term monitoring of RA patients. There are several in-
struments to assess disease activity such as the DAS 28, 
the clinical disease activity index and the Rapid 3. Dis-
ability in RA is usually measured by the HAQ disability 
index although this instrument has some limitations. In 
addition, there is a missing instrument to measure ac-
tivity and participation limitation. In an Indian study the 
DAS 28, the HAQ and the Rapid 3 were compared with 
the clinical disease activity index. This study also includ-
ed RA patients with illiteracy [11]. These authors could 
document that the clinical disease activity index was 
useful to make a reasonable clinical decision. However, 
it is important to capture relevant parameters to predict 
long-term disability in RA patients. In another study the 
authors could document that measuring pain, fatigue 
and joint stiffness at baseline have only a limited value 
to predict long-term disability of RA patients [27]. There 
is an increasing body of evidence to study the effect 
of disability in the different setting of daily life such as 
paid and unpaid work, leisure, quality of life and partic-
ipation. Some Mexican authors could show a different 
impact on these different dimensions of daily life [28]. 
25% of RA patients had a permanent work disability af-
ter 10 years of treatment with disease modifying drugs. 
Under this perspective it seems extremely important to 
monitor long-term disability beside disease activity. An-
other study could show that differences of quality of life 
exist between paid and unpaid work. (homework) [29]. 
In our study we could document that the activity index 
AI showed similar results like the HAQ disability index. 
However, the AI is much easier to perform for patients 
and depicts relevant dimensions of paid and unpaid 
work and participation limitation. Hence it gives more 
valuable information about the consequences of RA as 
a disease. It also measures pain and quality of life and it 
exists an electronic format for tablets and smartphones. 
As with disease activity these tools can be used for long 
term monitoring of in- and outpatients [30-32].

Conclusion

Our analyses revealed the validity of the AI instru-
ment as well as its efficiency in outpatient care settings, 
thus clearing the way for routine applications among RA 
patients to monitor short and long-term disability and 
limitation of participation. Ultimately, this monitoring 
approach can be used as e-health tool and will enable 

gression analysis (linear regression) to estimate and detail 
the relationship between “AI scores” on the one hand and 
“Swollen Joints” on the other. We found that “AI scores” 
(independent variable) predicted “Swollen Joints” (de-
pendent variable) surprisingly well (Figure 4). The respec-
tive correlation was with r = 0.429 highly significant (p < 
0.0001), thus underlining the validity of the AI instrument 
as well as its efficiency in an outpatient care setting esti-
mating disease activity and hence activity limitation.

By contrast, self-assessment scores of the form 
“Estimated Percentage of impairment [%]” yielded un-
satisfactory results. In fact, most patients rated them-
selves rather indifferently as suffering from an impair-
ment somewhere around 32.5% (on a scale of 100%) as 
shown in the scatter diagram “Impairment [%]” versus 
“AI score” (Figure 5). On the other hand, this scatter di-
agram also revealed the sensitivity of the AI instrument 
regarding the resolution of subtle between-patient dif-
ferences that are typical for RA patients under therapy. 
Resolution of these subtle differences may be critically 
important for prediction models regarding response to 
therapy and quantification of disability and limitation of 
participation.

Over the observation period of 14 days, we did not 
see much improvement or deterioration in the clinical 
RA picture of the patients under investigation. In fact, 
none of the quantitative dimensions included in the 
study exhibited changes that reached statistical sig-
nificance in the analysis of variance. This result might 
have been expected, given the average illness duration 
of more than 10 years, and the fact that response to 
therapy among RA patients is often slow and occurs 
only in small steps. As there was no direct intervention 
between the 2-week observation period a direct con-
sequence of this general lack of clinical change (im-
provement or deterioration), our GLM approach to con-
structing a multivariate predictor model of response to 
therapy failed and led to inconclusive results (model fit 
≤ 0.0852). However, it demonstrates that disability and 
activity limitation does not change fast. Similarly, it was 
not possible to construct the respective classifiers.

As reliable predictor models of response to RA ther-
apies would be of great practical value for a successful 
and personalized treatment approach to RA patients, 
we are planning a new “efficacy” study with repeated 
assessments over 4 weeks where disease activity to-
gether with activity limitation and participation will be 
studied. These data will allow us to broach anew the is-
sue of RA predictor models.

Discussion

It is extremely important to start an effective RA 
treatment as soon as possible. With this “treat to tar-
get therapy” a permanent disability of these patients 
can be reduced. This key message could be proofed in a 
RA registry which monitored RA patients over the time 
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doctors in charge to verify and optimize response to 
therapy in each individual patient through a more “per-
sonalized medicine”. It also helps to build long term reg-
istries to monitor disability and participation limitation 
and to measure the effect of novel therapeutic agents.
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