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Determinants of the Physician Global Assessment of Disease
Activity and Influence of Contextual Factors in Early
Axial Spondyloarthritis
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Objective. To investigate determinants of the physician global assessment (PhGA) of disease activity and the
influence of the contextual factors on this relationship in patients with early axial spondyloarthritis (SpA).

Methods. Five-year data of DESIR, a cohort of early axial SpA, were analyzed. Univariable generalized estimating
equations (GEEs) were used to investigate contributory explanatory effects of various potential determinants of PhGA.
Effect modification by contextual factors (age, sex, and educational level) was tested, and if significant, models were
stratified. Autoregressive GEE models (i.e., models adjusted for PhGA at the previous time point) were used to confirm
a longitudinal relationship.

Results. A total of 708 patients were included. Higher Bath Ankylosing Spondylitis Disease Activity Index individual
questions, swollen joint count in 28 joints (SJC28), tender joint count in 53 joints, Maastricht Ankylosing Spondylitis
Enthesitis Score, C-reactive protein (CRP) level, and Bath Ankylosing Spondylitis Metrology Index score were associ-
ated with a higher PhGA. Sex and age were effect modifiers of SJC28; the contributory effect of SJC28 was largest
in the younger male stratum (β = 1.07 [95% confidence interval (95% CI) 0.71, 1.43]), and the smallest in the older
female stratum (β = 0.13 [95% CI 0.04, 0.22]). Autoregressive GEE models revealed the same determinants as having
a longitudinal association with PhGA and the same pattern of effect modification.

Conclusion. Patients’ subjective symptoms, peripheral arthritis and enthesitis, higher CRP level, and impaired spi-
nal mobility contribute to explaining PhGA in patients with early axial SpA, irrespective of sex and age. Intriguingly, phy-
sicians consider the presence of swollen joints as more important in males than in females.

INTRODUCTION

Axial spondyloarthritis (SpA) is a rheumatic musculoskeletal
disease primarily affecting the axial skeleton. Although axial SpA
is mainly a disease of the spine, it may affect the peripheral joints
and manifest itself in extramusculoskeletal manifestations. The
goal of treatment in axial SpA is to improve the quality of life by
abrogating inflammation that causes symptoms, structural

damage, and physical disability. To achieve this goal, treatment
needs to be adjusted through a shared decision based on a
proper assessment of disease activity.

While the patient global assessment is considered an impor-
tant item and is incorporated in the disease activity measurement
in axial SpA, namely in the Ankylosing Spondylitis Disease Activity
Score (1), far less attention is paid to the physician global assess-
ment (PhGA). However, PhGA is still a major factor in the
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therapeutic decision-making process (2,3). Holding responsibility

for the outcomes and knowledge of the therapeutic options, the

treating physician supposedly summarizes the patient’s com-

plaints and objective findings into his/her own assessment and

takes the initiative in therapeutic decisions. This situation is espe-

cially true with the advent of new therapies, which are effective,

yet expensive and with distinct safety profiles.
Only a few studies have investigated PhGA as an outcome in

patients with axial SpA (4–6). The main interest of these studies
was the discordance with patient global assessment, and only
1 study has investigated the factors explaining PhGA (4). Cervical
rotation, swollen joints, C-reactive protein (CRP) level, intermalleo-
lar distance, and finger-to-floor were reported to explain PhGA.
This analysis was based on cross-sectional data only and in
patients with established ankylosing spondylitis, currently known
as radiographic axial SpA. Nevertheless, little is known about
which disease manifestations actually contribute to the PhGA over
time and in particular in the early phase of the disease. Moreover,
the patients’ characteristics (such as age, sex, and educational
level) are also hypothesized to have influence on the physician’s
interpretation of the disease manifestations. These patient charac-
teristics are referred to as contextual factors and are important
because they may have influence on outcomes as effect modifiers
or confounders (7). The objectives of this study were to investigate
the determinants of PhGA and the influence of contextual factors
(age, sex, and educational level) on the contributory effects of the
determinants of PhGA over time in patients with early axial SpA.

PATIENTS AND METHODS

Study design, study population, and outcome. DESIR
is a cohort of patients with early inflammatory back pain highly
suggestive of axial SpA. The protocol has been described
previously (8). Briefly, the inclusion criteria were patients ages
18–50 years, with inflammatory back pain of >3 months
and <3 years duration and symptoms highly suggestive of axial
SpA according to the rheumatologist. A total of 708 patients were
included consecutively in 25 French centers between December

2007 and April 2010. Clinical data were collected every 6 months
up to 2 years and annually up to 5 years. Magnetic resonance
imaging (MRI) of the spine and sacroiliac (SI) joints was performed
in all patients at baseline and in patients from 9 centers in Paris at
2 years and 5 years. Patients with PhGA scores collected at least
once during the 5-year follow-up were subjects of the present
analyses. The PhGA was collected on a 0–10 numerical rating
scale by asking the physician’s “overall assessment of the activity
of the rheumatic disease during the last 48 hours,”with inactive dis-
ease and active disease as anchors (a higher score means higher
disease activity). The database used for this analysis was locked in
June 2016. DESIR has been approved by the appropriate ethics
committees and patients signed the informed consent upon
participation.

Potential explanatory variables of PhGA. Potential
explanatory variables were as follows: individual component
questions of the Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI; question 1 [Q1]: fatigue, Q2: back pain, Q3:
peripheral joint pain, Q4: enthesitis, Q5: severity, and Q6: duration
of morning stiffness; range 0–10 each), swollen joint counts in
28 joints (SJC28; range 0–28), tender joint counts in 53 joints
(TJC53; range 0–159, with each joint graded as no tender-
ness = 0; tenderness = 1; tenderness and grimace = 2; tender-
ness, grimace, and withdrawal = 3), enthesitis measured with
the Maastricht Ankylosing Spondylitis Enthesitis Score (MASES;
range 0–39) (9), CRP level in mg/liter, the presence of any extra-
musculoskeletal manifestations (EMM, i.e., cumulative presence
of any of uveitis, psoriasis, or inflammatory bowel disease), the
Bath Ankylosing Spondylitis Metrology Index linear definition
(BASMI linear; range 0–10), Spondyloarthritis Research Consor-
tium of Canada MRI indices for the spine (SPARCC-spine; range
0–414) (10) and for the SI joints (SPARCC-SI joints; range 0–72)
(11). SPARCC-spine and SPARCC-SI joints were mean scores
of 3 central readers from wave 3 (blinded for chronologic order
and clinical information) (12).

Contextual factors. The patient’s age, sex, and educa-
tional level were the contextual factors tested as potential effect
modifiers or confounders of the relationship between the determi-
nants of PhGA and PhGA measurements. If stratification for age,
sex, or educational level was needed, the population was dichot-
omized by age at baseline (younger or older than the median age
at baseline, 33.3 years), sex (male or female), or educational level
at baseline (university level or not).

Statistical analysis. To investigate the relationship
between the independent variables and PhGA, we used general-
ized estimating equations (GEEs) (13). This method enabled us
to make use of all available data and estimate a population-
averaged parameter, correcting for within-patient correlation of
outcomes at multiple time points. A linear GEE model was used

SIGNIFICANCE & INNOVATIONS
• Physician global assessment (PhGA) of disease

activity is a major factor in the therapeutic
decision-making process, but little is known about
which disease manifestations actually contribute to
PhGA in axial spondyloarthritis.

• The patient’s subjective symptoms, the peripheral
joints and enthesitis findings, C-reactive protein
level, and spinal mobility determine PhGA.

• The presence of swollen joints is most associated
with higher PhGA in young male patients and the
least in older females.
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because the outcome was continuous. An exchangeable correla-
tion matrix was selected because it showed the best fit.

First, we tested interactions between the contextual factors
and the potential explanatory variables of PhGA. If the interaction
term was significant with a predefined criterion of a P value less

than 0.15 (14), analyses were further stratified. Effect modification
was judged based on a clinically relevant difference in the regres-
sion coefficients across the strata. Univariable analysis was cho-
sen to better assess the contributory explanatory effect of each
of the determinants in each of the strata. This method was pre-
ferred to multivariable analysis, in which only the independent
effect of a specific determinant, i.e., independent of confounders,
would be considered. We were rather interested in the overall
effect that a given determinant had on PhGA across different
strata, also to allow proper comparisons across strata.

As relationships found in GEE models can be attributable
both to cross-sectional and longitudinal effects, an autoregressive
GEE model (i.e., a model adjusted for the outcome [PhGA] at the
previous time point) was used to investigate whether the determi-
nants had a true longitudinal association with PhGA. We used
only data from yearly assessments (baseline, 12, 24, 36, 48, and
60 months), so that the intervals between the time points were
similar. Contextual factors that proved not to be effect-modifiers
were tested as confounders. If the addition of the contextual fac-
tor to a univariable GEE model made a relevant difference in the
regression coefficient, it was deemed a confounder.

As MRI was repeated only in the patients from the centers
in Paris, univariable GEE analyses with the MRI scores as
potential explanatory variables could only be conducted in a
subgroup of patients. A sensitivity analysis, similar to the main
analysis, was conducted in patients fulfilling the Assessment

Table 1. Factors associated with the physician global assessment over time in sex- and age-stratified groups in univariable analysis*

Female
(younger) (n = 181)

Female
(older) (n = 200)

Male
(younger) (n = 173)

Male
(older) (n = 154)

BASDAI Q1 (fatigue, 0–10) 0.39 (0.34, 0.44) 0.39 (0.34, 0.44) 0.46 (0.41, 0.51) 0.41 (0.35, 0.46)
BASDAI Q2 (back pain, 0–10) 0.53 (0.49, 0.57) 0.49 (0.45, 0.54) 0.58 (0.54, 0.63) 0.48 (0.43, 0.53)
BASDAI Q3 (peripheral joint pain, 0–10) 0.36 (0.31, 0.41) 0.31 (0.27, 0.36) 0.43 (0.37, 0.48) 0.32 (0.27, 0.37)
BASDAI Q4 (enthesitis, 0–10) 0.42 (0.37, 0.46) 0.37 (0.33, 0.41) 0.52 (0.47, 0.56) 0.36 (0.31, 0.41)
BASDAI Q5 (severity of morning stiffness,
0–10)

0.45 (0.40, 0.49) 0.42 (0.37, 0.46) 0.58 (0.54, 0.63) 0.44 (0.40, 0.49)

BASDAI Q6 (duration of morning
stiffness, 0–10)

0.35 (0.30, 0.39) 0.30 (0.25, 0.35) 0.50 (0.45, 0.56) 0.36 (0.31, 0.41)

BASMI linear (0–10) 0.67 (0.48, 0.86) 0.61 (0.45, 0.78) 0.95 (0.75, 1.15) 0.49 (0.30, 0.68)
SJC28 (0–28) 0.52 (0.31, 0.73) 0.13 (0.04, 0.22) 1.07 (0.71, 1.43) 0.58 (0.40, 0.76)
TJC53 (0–159)† 0.13 (0.11, 0.16) 0.05 (0.04, 0.06) 0.15 (0.13, 0.18) 0.13 (0.11, 0.16)
MASES (0–39) 0.15 (0.12, 0.17) 0.10 (0.08, 0.12) 0.30 (0.25, 0.35) 0.18 (0.14, 0.23)
CRP, mg/liter 0.03 (0.01, 0.05) 0.02 (0.01, 0.04) 0.04 (0.03, 0.05) 0.06 (0.04, 0.07)
Any EMM (presence vs. absence) –0.20 (–0.58, 0.19) –0.13 (–0.49, 0.23) –0.28 (–0.69, 0.14) –0.26 (–0.68, 0.17)
SPARCC-spine (0–414)‡ 0.05 (–0.11, 0.20)

(n = 56)
0.06 (–0.11, 0.22)

(n = 59)
0.05 (–0.04, 0.14)

(n = 57)
0.02 (–0.03, 0.06)

(n = 46)
SPARCC-SI joints (0–72)‡ 0.01 (–0.08, 0.10)

(n = 56)
–0.02 (–0.13, 0.09)

(n = 60)
0.01 (–0.04, 0.06)

(n = 57)
0.05 (–0.01, 0.11)

(n = 46)

* Values are the coefficient (95% confidence interval). Univariable generalized estimating equation models with stratification for sex and age
were used to investigate contributory explanatory effects of each factor on physician global assessment (PhGA). Age and sex were shown to
be effect modifiers of the relationship between swollen joint count in 28 joints (SJC28) and PhGA and therefore analyses were conducted in
Strata. BASDAI questions (Q) 1–6 = individual component questions of the Bath Ankylosing Spondylitis Disease Activity Index; BASMI
linear = linear definition of Bath Ankylosing Spondylitis Mobility Index; CRP = C-reactive protein; EMM = extramusculoskeletal manifestation;
MASES = Maastricht Ankylosing Spondylitis Enthesitis Score; SPARCC-spine/SPARCC-SI joints = Spondyloarthritis Research Consortium of
Canada Magnetic Resonance Imaging indices for the spine/sacroiliac joints; TJC53 = tender joint count in 53 joints.
† Total score of the 53 joints with each joint graded 0–3 (0 = no tenderness, 1 = tenderness, 2 = tenderness + grimace, 3 = tenderness +
grimace + withdrawal).
‡ Coefficients of SPARCC-spine/SPARCC-SI joints were estimated in a subgroup of patients withmagnetic resonance imaging performed at least
once at either 2 years or 5 years.

Figure 1. Impact of swollen joint count on the physician global
assessment of disease activity across sex and age groups. Regres-
sion coefficients of the relationship of interest are plotted in an
ascending order, reflecting an increasing impact of the swollen joint
count on 28 joints (SJC28) on the physician global assessment of dis-
ease activity from older females to younger males (stratification
according to median age at baseline, 33.3 years).
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of SpondyloArthritis international Society (ASAS) classification
criteria for axial SpA. P values less than 0.05 were considered
significant unless specified otherwise. All statistical analyses
were conducted using Stata software, version 14.

RESULTS

A total of 708 patients were the subjects of the analyses. The
subgroup of patients with repeatedMRI consisted of 220 patients.
Baseline characteristics of the total study population and the sub-
group are shown in Supplementary Table 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24465/abstract. No important differences
were found between the groups.

Higher scores of the BASDAI individual questions on fatigue
(Q1), back pain (Q2), peripheral joint pain (Q3), enthesitis (Q4),
severity and duration of morning stiffness (Q5 and Q6), SJC28,
TJC53, MASES, CRP level, and BASMI linear were all associated
with a higher PhGA (Table 1). Neither the presence of EMM nor
inflammation captured on MRI had a contributory effect on PhGA.
Sex and age were found to be effect modifiers of the relationship
between SJC28 and PhGA; the contributory effect of SJC28
was largest in the younger male stratum, moderate in the younger
female and the older male strata, and the smallest in the older

female stratum (Table 1 and Figure 1). Sensitivity analyses in
patients fulfilling the ASAS classification criteria retrieved similar
results except for the lack of effect modification by age in female
patients. The baseline characteristics of the age- and sex-
stratified groups are shown in Supplementary Table 2, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24465/abstract. Patients in the youn-
ger male stratum showed numerically more positivity for HLA–
B27, higher modified New York grading, higher SPARCC-spine,
and higher CRP level than the other strata. SPARCC-spine score
was higher in male patients than in female patients.

Autoregressive GEE models yielded the same determinants
as being longitudinally associated. A similar pattern of effect mod-
ification on SJC28 by sex and age (Table 2) was found. In other
words, the determinants of PhGA (absolute value) are also associ-
ated with a change in PhGA over time.

DISCUSSION

In this study we have shown that patients’ subjective symp-
toms, peripheral arthritis and enthesitis, higher CRP level, and
impaired spinal mobility contribute to explaining PhGA in patients
with early axial SpA, irrespective of sex and age. Interestingly,
age and sex modify the impact of swollen joints on PhGA;

Table 2. Factors longitudinally associated with the change of physician global assessment from previous time points in sex- and age-stratified
groups in univariable analysis*

Female
(younger) (n = 181)

Female
(older) (n = 200)

Male
(younger) (n = 173)

Male
(older) (n = 154)

BASDAI Q1 (fatigue, 0–10) 0.39 (0.33, 0.45) 0.37 (0.31, 0.43) 0.37 (0.31, 0.44) 0.34 (0.27, 0.41)
BASDAI Q2 (back pain, 0–10) 0.53 (0.47, 0.58) 0.48 (0.42, 0.54) 0.55 (0.49, 0.60) 0.41 (0.35, 0.47)
BASDAI Q3 (peripheral joint pain, 0–10) 0.41 (0.35, 0.48) 0.33 (0.27, 0.38) 0.41 (0.34, 0.48) 0.27 (0.20, 0.33)
BASDAI Q4 (enthesitis, 0–10) 0.42 (0.37, 0.48) 0.37 (0.31, 0.42) 0.47 (0.41, 0.54) 0.34 (0.27, 0.40)
BASDAI Q5 (severity of morning stiffness,
0–10)

0.45 (0.39, 0.51) 0.38 (0.32, 0.44) 0.55 (0.49, 0.61) 0.38 (0.32, 0.44)

BASDAI Q6 (duration of morning
stiffness, 0–10)

0.34 (0.28, 0.40) 0.29 (0.23, 0.35) 0.45 (0.37, 0.52) 0.29 (0.22, 0.35)

BASMI linear (0–10) 0.65 (0.42, 0.88) 0.54 (0.35, 0.72) 0.62 (0.40, 0.85) 0.34 (0.11, 0.56)
SJC28 (0–28) 0.73 (0.36, 1.10) 0.10 (–0.00, 0.21) 1.33 (0.73, 1.93) 0.61 (0.30, 0.92)
TJC53 (0–159)† 0.15 (0.11, 0.18) 0.05 (0.03, 0.06) 0.14 (0.11, 0.17) 0.13 (0.09, 0.17)
MASES (0–39) 0.13 (0.10, 0.16) 0.10 (0.07, 0.12) 0.25 (0.20, 0.31) 0.18 (0.13, 0.23)
CRP, mg/liter 0.02 (0.00, 0.04) 0.03 (0.01, 0.05) 0.02 (0.00, 0.03) 0.04 (0.02, 0.07)
Any EMM (presence vs. absence) 0.04 (–0.35, 0.44) 0.32 (–0.03, 0.68) –0.26 (–0.63, 0.11) –0.23 (–0.71, 0.24)
SPARCC-spine (0–414)‡ –0.11 (–0.28, 0.06)

(n = 50)
0.03 (–0.13, 0.19)

(n = 58)
0.08 (–0.02, 0.17)

(n = 52)
–0.07 (–0.14, 0.00)

(n = 46)
SPARCC-SI joints (0–72)‡ –0.01 (–0.13, 0.10)

(n = 50)
0.12 (–0.01, 0.26)

(n = 58)
0.02 (–0.05, 0.08)

(n = 52)
0.01 (–0.08, 0.10)

(n = 46)

* Values are the coefficient (95% confidence interval). Univariable autoregressive generalized estimating equation models (i.e., models
adjusted for physician global assessment [PhGA] at the previous time point using data at 0, 12, 24, 36, 48, and 60 months) with stratification
for sex and age were used to investigate longitudinal contributory effects of each factor on PhGA. Age and sex were shown to be effect modi-
fiers of the relationship between swollen joint count in 28 joints (SJC28) and PhGA and therefore analyses were conducted in Strata. BASDAI
questions (Q) 1–6 = individual component questions of the Bath Ankylosing Spondylitis Disease Activity Index; BASMI linear = linear definition
of Bath Ankylosing Spondylitis Mobility Index; CRP= C-reactive protein; EMM= extramusculoskeletal manifestation; MASES=Maastricht Anky-
losing Spondylitis Enthesitis Score; SPARCC-spine/SPARCC-SI joints = Spondyloarthritis Research Consortium of Canada Magnetic Resonance
Imaging indices for the spine/sacroiliac joints; TJC53 = tender joint count in 53 joints.
† Total score of the 53 joints with each joint graded 0–3 (0 = no tenderness, 1 = tenderness, 2 = tenderness + grimace, 3 = tenderness +
grimace + withdrawal).
‡ Coefficients of SPARCC-spine/SPARCC-SI joints were estimated in a subgroup of patients withmagnetic resonance imaging performed at least
once at either 2 years or 5 years.
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rheumatologists consider the presence of swollen joints as more
important for the overall assessment of disease activity in male
patients than in female patients, and more important in younger
patients than in older patients.

Sex differences have been reported in outcomes of patients
with axial SpA: male sex is associated with more progression of
spinal structural damage in radiographic axial SpA (15). At the
same time, a higher prevalence of fibromyalgia has been reported
in female patients than in male patients with axial SpA (16), and a
higher level of fatigue was observed in female patients in DESIR
(17). In our particular cohort, male patients had higher CRP levels
and more structural damage in the SI joints at baseline than the
female patients. As a result, physicians may have related these
characteristics to a higher risk of further progression. However,
this explanation does not account for the fact that the different
impact on PhGA across sex and age groups was only present
for swollen joints. As we chose to use univariable analyses to
properly compare the effect of each determinant across the differ-
ent strata, rather than to investigate the independent effects, a
higher SJC was possibly associated with other determinants in
male patients compared to female patients and thus have a higher
effect on PhGA; however, adjusted analyses, e.g., for CRP level,
did not show this (results not shown). Or perhaps swollen joints
are a finding that is likely to be attributed to other causes than dis-
ease activity in older and female patients. This different impact of
the SJC across sex and age has not been previously reported.
Physicians should become aware of this different impact, as it
may represent a source of inequity for patients, especially if it influ-
ences therapeutic choices.

With regard to the determinants of PhGA, the individual BAS-
DAI questions could be expected to contribute to PhGA, because
these questions are, by definition, relevant items chosen for the
assessment of disease activity. Likewise, the physicians reason-
ably took the findings of peripheral joints and entheses as a repre-
sentation of the peripheral involvement and CRP level as a marker
of inflammation. Spinal mobility was also a determinant of PhGA
over time. Physicians probably relied on spinal mobility due to
the lack of clinical objective findings reflecting spinal inflammation
well. Also, this may be based on the knowledge that spinal mobil-
ity impairment is caused by inflammation as well as irreversible
structural damage (18). However, by taking spinal mobility into
account, physicians may be falsely reflecting structural damage
on disease activity. Nevertheless, given the fact that DESIR is a
cohort of early axial SpA with low levels of structural damage, this
impact will be low in these patients (19).

The previous study that reported determinants of PhGA in
radiographic axial SpA identified, through factor analysis, 4 latent
factors of PhGA, which were labeled as “patient assessment,”
“mobility and function,” “physician assessment,” and “lab.” Based
on the individual items, these factors can be interpreted as “the
patient’s subjective symptoms,” “spinal mobility and physical
function,” “peripheral arthritis,” and “acute phase reactants” (4).

Our results are similar except that we chose not to include physical
function in the analyses as a potential explanatory variable,
because it is usually considered a remote and indirect conse-
quence of disease activity. Another previous study investigating
PhGA as an outcome was from DESIR (5). This analysis focused
on the discordance between patient global assessment and PhGA
over time and the factors of the discordance and did not investigate
the determinants of PhGA.

Our study has some limitations. First, whether the physician
assessed PhGA while aware of the MRI findings for each patient
is not clear. At least the physicians could not be aware of the
MRI scores by the central readers at the time of assessment, as
the scoring sessions only took place later. Therefore, a possible
interpretation for the lack of impact of the MRI scores on PhGA
is that the physicians did not have access to the MRI findings
when making their judgment on the disease activity, because
MRIs were usually made after the visit to the rheumatologist. Nev-
ertheless, physicians possibly rate the findings of MRI as less
important for their impression of the patient’s disease than we
may have thought. Likewise, in some centers, CRP levels were
not available at the time of assessment. This absence may have
led to a possible underestimation of the impact of CRP level. As
a second limitation, we used a summary variable of the cumulative
presence for EMM. This variable did not necessarily represent the
presence of EMM at the time of assessment and using this sum-
mary variable may be the reason why the presence of EMM was
not contributing to PhGA.

In conclusion, patients’ subjective symptoms, peripheral
arthritis and enthesitis, higher CRP level, and impaired spinal mobil-
ity contribute to explain PhGA in patients with early axial SpA irre-
spective of sex and age. However, physicians consider the
presence of swollen joints as more important in males than in
females.
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