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Abstract

Introduction/Objectives—To characterize the importance of musculoskeletal stiffness in a
cohort of chikungunya patients with chronic joint symptoms.

Method—Eighty-two patients were followed up 3 years after chikungunya infection. Tender and
swollen joint counts, a pain intensity scale, Health Assessment Questionnaire-Disability Index
(HAQ-DI), and the EuroQol EQ-5D quality of life instrument were completed. A musculoskeletal
stiffness questionnaire provided scores for overall stiffness and its components: stiffness severity,
physical impact, and psychosocial impact.

Results—Patients had a mean age 51 + 14 years. Sixty-seven patients were still experiencing
chronic arthralgia. Musculoskeletal stiffness was reported by 43/67 patients with arthralgia and
3/15 patients without arthralgia. A physical impact of stiffness was reported by 87% patients and
psychosocial impact by 71% patients. Mean tender joint count in patients reporting arthralgia was
6 £ 7, mean pain intensity 65 + 20 out of 100, mean HAQ-DI was 0.54 + 0.52, and mean EQ-VAS
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global health perception was 68 + 62 out of 100. Stiffness severity was correlated with tender joint
counts (o = 0.46) and pain intensity (o = 0.40). All three measures were equally well correlated
with the EuroQol-VAS global health perception. Pain and tender joints were better correlated with
the HAQ-DI (o = 0.68 and p = 0.63), but stiffness was more strongly correlated with several
quality of life domains, including mobility. Swollen joints were a poor predictor of outcomes.

Conclusions—Musculoskeletal stiffness following chikungunya infection is distinct from
arthralgia. It does not always occur in the same patients or with a corresponding intensity. Joint
pain and stiffness may be independently associated with disability and quality of life assessments.
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Introduction

Acute chikungunya virus infection is characterized by a rapid onset of fever with swollen
and painful joints. Subsequently, rheumatic manifestations may persist for months or years
in some patients [1, 2]. Arthralgia is considered to be the classic symptom of chronic
chikungunya disease, but a range of other symptoms may follow chikungunya infection, of
which musculoskeletal stiffness is one of the most frequent [3, 4]. Despite evidence that
many chikungunya patients consider their stiffness to be important [5], there is little
information on the severity and specific impact of stiffness on daily activities and quality of
life in this population. This may be attributed in part to the lack of well-tested instruments
for characterizing musculoskeletal stiffness.

Joint stiffness also presents a frequent problem in rheumatoid arthritis (RA), with which
chronic chikungunya disease shares many features [6, 7]. A patient questionnaire for
investigating joint stiffness in patients with RA is being developed [8-10], and a series of
questions to characterize the severity, the physical impact, and the psychosocial impact of
stiffness were tested and validated [11]. This resulted in a standardized questionnaire
suitable for research purposes which has been subjected to further testing in RA and
psoriatic arthritis patients [12].

The frequency and nature of post-chikungunya joint pain in the long-term follow-up of a
cohort of patients from Atlantico Department in Colombia has recently been reported [13].
The objectives here are to describe the different dimensions of musculoskeletal stiffness in
this cohort using a detailed questionnaire designed for RA, to determine how closely
stiffness is associated with arthralgia, and lastly to investigate the relative importance of
different symptoms to the patient.

Materials and methods

Subjects were drawn from a cohort of 485 patients in Colombia followed up by telephone
after chikungunya infection [14]. Of the initial cohort, 82 subjects consented to attend a
face-to-face medical examination approximately 3 years after infection and participate in
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this further investigation. These consisted of 67 subjects with continuing post-chikungunya
arthralgia and 15 subjects whose arthralgia had resolved.

This study (IRB#121611, Trans#28283) was approved by the ethics committee of the
Clinica de La Costa Ltda. and the George Washington University Committee on Human
Research. A non-human subject determination was made by the George Washington
University IRB for analysis of deidentified data. Written informed consent was obtained
from all participants.

Demographic characteristics recorded included age, sex, and educational level, classified as
none/primary, high school, college, or postgraduate. Twenty-eight joints were assessed by a
physician for the presence of tenderness and swelling. Patients recorded pain intensity on a
scale of 0-100. Patients also completed two patient outcome measures: the Health
Assessment Questionnaire Disability Index (HAQ-DI), giving a score between 0 and 3 for
the level of disability in daily activities [15], and the EuroQol (EQ-5D-5L) form assessing
the five domains of mobility, self-care, usual activities, discomfort/pain, and anxiety/
depression, plus the Global Health visual analogue scale (VAS). All patients recorded
different dimensions of stiffness on a Musculoskeletal Stiffness Questionnaire (MSQ)
(Online Resource 1), which gave separate scores for its three components: stiffness severity,
physical impact, and psychosocial impact of stiffness, as well as an overall stiffness score.

The severity component of the MSQ consists of eight questions covering the periods of the
day when stiffness occurs, the number of joints involved, the onset of stiffness after
immobility, the overall severity, the impact and importance of stiffness for the patient’s life,
and the presence, duration and severity of morning stiffness on the day of the assessment
(Online Resource 1). Each question carried an equal weight in the severity component score.
The stiffness severity component total is the average of the eight individual question scores,
which are each expressed as a percentage.

The physical impact and psychosocial impact components of the MSQ consist respectively
of eight and five questions (Online Resource 1). There are four possible answers to each
question, grading the degree of impact of stiffness from no impact (0%) to maximum impact
(100%). These two component scores are the average of the individual question scores in
each component. Finally, an overall MSQ score was calculated as an average of the three
component scores, also expressed as a percentage of the maximum possible score, such that
each component has an equal weight in the final score. Patients not experiencing any
stiffness scored zero for each component and for the overall MSQ score.

Average scores were expressed as means and standard deviations. Individual associations
between the various symptom measures, disability score, and quality of life assessment were
expressed using Spearman’s rank correlation coefficient with strength of association
interpreted as proposed by [16]. Finally, multiple regression analysis was used to determine
the most important predictors of the patient outcomes, the HAQ-DI and the EQ-VAS,
considering p < 0.05 as statistically significant. Multiple regression analysis included
stiffness, other measures of disease severity, and the patient characteristics of age, sex, and
educational level.
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The 82 patients (12 male and 70 female) had a mean age 51 + 14 years and were followed
up an average of 40 months after chikungunya infection. The demographic characteristics of
these patients did not differ substantially from the original cohort of 485 patients, except for
having a larger proportion with a higher educational level (Online Resource 2). Sixty-seven
patients (82%) reported persisting arthralgia and 46/82 (56%) experienced joint stiffness.
Both symptoms were present in 43/82 (52%) while neither symptom was present in 12/82
(15%). Three out of the 15 patients with no arthralgia (20%) reported joint stiffness. All but
five patients reporting arthralgia had tender joints on examination, mean tender joint count
was 6 + 7. Swollen joints were recorded in only 15 of the 67 patients with arthralgia. The
mean pain intensity was 65 + 20 out of 100, mean HAQ-DI was 0.54 £ 0.52 (representing
mild difficulties to moderate disability), and mean EuroQol global health VVAS score was 68
+ 62 out of 100.

of stiffness severity

Forty-four of the 46 patients who experienced joint stiffness provided detailed data on
different stiffness dimensions with a mean overall MSQ score of 32% * 20. Although 24/44
(55%) patients experienced stiffness in the mornings, 35/44 (80%) patients reported stiffness
after periods of immobility in general. More than three joints were affected in 20/44 (45%)
patients. The MSQ severity component, including all eight questions on the presence,
timing, and severity of stiffness, had a mean score of 26% * 24 among the 67 patients
reporting arthralgia and 41% + 17 among only patients reporting stiffness. One item in the
severity component asking for stiffness severity on a rating scale of zero (no stiffness) to 10
(extreme stiffness) resulted in a mean score of 6.0 + 2.1. The different dimensions of
stiffness recorded in the severity component generally correlated strongly with each other
and with the overall severity component score (Table 1). The single exception was the
duration of morning stiffness, which correlated poorly with other dimensions and with the
overall severity component score.

Physical and psychosocial impacts of stiffness

Between 30 and 73% of patients reported some impact of stiffness on each of the physical
activities described in the physical impact component of the MSQ (Table 2). The most
frequently impacted activity was “getting out of bed” and the least frequently impacted
activity was “balancing.” Overall, 39 patients (89%) reported an impact on at least one
activity, whereas five patients reporting stiffness (11%) considered that it had no impact on
any of these physical activities.

Between 45 and 66% of patients expressed an impact of stiffness in each of the questions in
the psychosocial impact component of the MSQ (Table 2). Overall, 32 patients (73%)
reported at least one psychosocial impact, and the rest (27%) considered that it had no
psychosocial impact at all.
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The physical and psychological impacts of stiffness were strongly correlated with each other
(p=0.83) and also with the stiffness severity component (o = 0.86 and p = 0.73
respectively).

of stiffness with joint tenderness, swelling, and pain

The associations of the overall score on the MSQ and the MSQ stiffness severity component
with tender and swollen joint counts and the pain intensity score were investigated (Table 3).
The correlation coefficients for these associations ranged from very weak, for swollen joint
counts, to moderate, for tender joint counts, and pain score (Table 3), suggesting that
stiffness is not highly predictable from the other disease severity measures employed here.

of symptoms and disease severity with disability and quality of life

Associations of disease severity measures with the HAQ disability index and quality of life
domains were investigated (Table 4, Figs. 1 and 2). Pain intensity, tender joint count, and
stiffness were all correlated with the HAQ disability index. Only stiffness severity was
correlated to a moderate extent with both the mobility and self-care domains of the EQ-5D,
whereas both stiffness and pain intensity were moderately correlated with the pain/
discomfort domain. Tender and swollen joint counts showed weaker correlations with all
EQ-5D domains. Tender joint count, pain intensity, and stiffness severity were all
moderately and inversely correlated with global health perceptions on the EuroQol-VAS.
The overall MSQ score, incorporating physical activity and psychosocial elements, showed
moderate correlations with most of the disability and quality of life measures.

A single question on stiffness severity with a rating of 0 to 10 was investigated as a
substitute for the 8-item MSQ severity component. The single question on a severity rating
was very strongly correlated with the overall severity component score at p = 0.94. However,
the correlations with HAQ-DI, EuroQol mobility domain, and the global health VAS of p =
0.43, p=0.36, and p = — 0.43, respectively, suggest that this was less informative for the
overall patient status than the 8-item MSQ severity component as a whole.

Predictors of disability and global health perception

Multiple regression analysis identified tender joint count, pain intensity, and stiffness (MSQ
score) as predictors for the HAQ disability index with beta values of 0.015 (p= 0.008),
0.005 (p=0.0006), and 0.020 (p = 0.04), respectively. Thus, it was estimated that an
increase of 10% in stiffness score would produce an increase of 0.20 (or 6.3%) in the HAQ
disability index. However, the effect of stiffness was also modified by educational level. A
model including these variables plus the interaction of stiffness and educational level
explained 71% of the HAQ disability index. The EuroQol global health VVAS was influenced
by both tender and swollen joint counts in the final multiple regression model with beta
values of — 0.69 (p=0.007) and - 3.75 (p = 0.03). In addition, age and stiffness (modified
by educational level) were significant predictors in the model, which overall accounted for
64% of variability in the global health score (Online Resource 3).
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Discussion

The general frequency of chronic rheumatic symptoms in a large chikungunya patient cohort
in Colombia has been described previously [13], but this more detailed investigation of a
smaller sample permitted us to describe the relationship between symptoms, disease severity,
and outcomes. These analyses showed that, independent of arthralgia, musculoskeletal
stiffness as measured by a detailed questionnaire has a significant impact on the daily
activities of patients after chikungunya infection and is relevant to their overall health
perception. This finding is of importance as there are currently no evidence-based treatments
for chikungunya-related arthritis, and specific, reliable, and valid metrics are needed to
facilitate clinical trials for potential therapeutics. Our analysis suggests that stiffness
measures may be an important element in the accurate measure of disease activity for
chikungunya arthritis clinical trial endpoints.

Musculoskeletal symptoms persist in a significant proportion of patients following acute
CHIKYV infection. Joint pain is cited as the most typical symptom with a varying rate of
persistence [17], depending on the outbreak in question and the time of follow-up. Although
chronic musculoskeletal stiffness has often been reported following chikungunya infection
[3, 4, 18-20], few data exist concerning its severity and importance. We identified a need to
understand better the severity and impact of stiffness, but there was no specific instrument
validated for measuring stiffness in chikungunya patients. Considering the many similarities
between the symptoms reported by patients with rheumatoid arthritis (RA) and the chronic
symptoms after chikungunya infection [7], it seemed appropriate to use a system already
tested in RA for the measurement of stiffness and its impact. Simpler scales for stiffness
severity, duration of stiffness, and interference with daily activities have been proposed for
RA [21], but since our objective was to characterize chikungunya stiffness in detail, we
selected this comprehensive 21-item musculoskeletal stiffness questionnaire (MSQ) [22].

The length of the stiffness questionnaire employed was less than ideal, but each question
seemed to bring additional information. We considered whether a single question on
stiffness severity could replace the overall 8-item severity component, but it was found to be
less informative with respect to disability and the patient’s global health perception.
However, future studies may explore the possibility of reducing the number of questions
using an adaptive system based on item response theory [23]. As in RA, stiffness in
chikungunya disease is frequently referred to as “morning stiffness.” In our cohort, stiffness
was often a problem in the early morning, and getting out of bed was the physical activity
most frequently affected, but a period of immobility in general was more often a trigger for
stiffness and a range of physical activities were affected. Since the specific question on
morning stiffness was poorly correlated with overall severity, this question might be
considered of limited value and omitted in future studies of chikungunya disease.

Stiffness appears to be quite distinct from the other symptoms of chikungunya disease.
Although previously reported as associated with joint pain [19], in the present study, it did
not always coexist with arthralgia, and the stiffness scores correlated only moderately with
pain and counts of involved joints. However, the stiffness score and its components were
correlated with the HAQ disability index and quality of life parameters suggesting that they
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are measuring something important to the patient. Indeed, the stiffness score and its
components correlated more strongly than the tender joint count and pain did with some
EQ-5D domains, such as mobility. There is an acknowledged tendency for different patient
self-report data to be more strongly correlated with each other than with objective or
physician-derived measures in rheumatoid arthritis [24], so a similar phenomenon might be
expected in chikungunya disease. Nonetheless, the association of stiffness with physical
function replicates findings in RA [9, 25], thus supporting the construct validity of this
questionnaire in the context of chikungunya.

The association of stiffness (characterized as present or absent) with some physical domains
of health-related quality of life has been reported previously in post-CHIKV rheumatism [3].
The same study reported similar associations of joint pain with physical dimensions of QoL,
but in contrast to our own findings, also found that presence of joint swelling was broadly
associated with the QoL instruments tested. With more detailed information about stiffness,
we were able to confirm the association with impairment of physical activities, but not the
association of joint swelling with quality of life. In this respect, it may be a limitation of our
study that we could only investigate these associations at the later time point of 40 months
post-infection when the number of swollen joints was low. Time elapsing since infection
may play a role considering the expected gradual resolution of symptoms over time [26].

Although not initially developed and validated for chikungunya disease, the content of this
stiffness questionnaire seems highly relevant to patients with chronic chikungunya
symptoms. We were able to determine that stiffness is not always associated with arthralgia,
and our results suggest that the assessment of musculoskeletal stiffness, as measured in this
study, may be a meaningful parameter to include in the assessment of disease severity in
chronic chikungunya disease. Importantly it may have as much impact as joint pain on the
overall level of disability and the health perception of the patient.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

. Arthralgia is the classic symptom of chronic chikungunya rheumatism,
associated with quality of life and disability.

. Musculoskeletal stiffness was found to be distinct from arthralgia and equally
important as a determinant of quality of life in this chronic chikungunya
cohort.

. Tender joint counts, but not swollen joint counts, were also a good predictor

of disability in chikungunya disease.
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