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Abstract
Objective

To examine the links between the quality of life (QOL) and season and weather conditions in ankylosing
spondylitis (AS) patients.

Methods
A cohort of 146 AS patients (67% males), with a mean age of 47.3 years and a mean disease duration of 12.8

years, answered a self-administered questionnaire, the AS-AIMS2 validated for AS, 4 times over a period of one
year in a postal survey. Clinical measures were assessed in a subsample of the cohort. Meteorological data

including daily temperature, hygrometry, wind speed and atmospheric pressure were collected over the same
period.

Results
In this cohort, 106 patients completed the follow-up. A higher lumbar spine flexibility (Schober index) was

associated with a higher climatic temperature and lower wind speed . Physical QOL improved in the summer,
as did Social Interaction in the summer and fall, while Role QOL decreased in winter. A lower perceived QOL

was significantly associated with a higher temperature and wind speed over the past 4 weeks, and with a higher
hygrometry and atmospheric pressure over the past 2 days prior to completion of the questionnaire.

Conclusion
This study provides some support to the popular belief and frequent patient complaints of a link between health
status and perceived quality of life, as assessed by a specific questionnaire, with season and weather conditions.
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Among the 146 patients at entry in the
s t u dy, the mean age was 47.3 ye a rs
(standard deviation: 12.8 years), and
t h e re we re 98 men (67.1%) and 48
women (32.9%).
The study cove red five seasons (15
months) in four consecutive measure-
ment waves, i.e. winter, summer, fall
and winter. In each wave, the patients
were invited to return by mail an AS-
AIMS2 questionnaire completed ac-
cording to the health state they were
ex p e riencing during the fo u r- we e k
p e riod prior to filling out the docu-
ment.

Clinical parameters
In the first season, a subsample of sub-
jects who had an outpatient visit within
15 days after completing the question-
naire underwent an interview regarding
their AS history (symptom onset, date
of diagnosis, type of pain, etc.) and a
physical examination which included
measurement of stiffness of movement
in the cervical spine, chest expansion,
examination of all joints, and the mod-
i fied Schober test. Other va ri abl e s
recorded included age, sex, duration of
disease, duration of morning stiffness,
pain on a visual analog scale, s p i n e
movementand peripheral joint involve-
ment.

AS-AIMS2 Questionnaire
The AS-AIMS2 was developed using a
focus group technique (11) on the basis
of the ori ginal AIMS2 (12) supple-
mented with 5 additional items from
the S-HAQ, i.e. the HAQ adapted for
AS (13) and 1 item newly generated by
the patients, grouped in an additional
dimension addressing spine mobility.
The AS-AIMS2 is a self-report health
s t atus questionnaire comprising 63
items organized in 13 dimensions, fur-
ther aggregated into 5 components by
averaging the scores of the correspond-
ing dimensions, n a m e ly Phy s i c a l
(Mobility level, Walking and bending,
Hand and finger function, Arm func-
tion, Self-care, Household tasks, Spine
m o b i l i t y ) , A ffect (Level of tension,
Mood), Symptoms (Joint pain), Role
(Work) and Social interaction (Social
a c t iv i t i e s , S u p p o rt from fa m i ly and
friends). Each item measurement is on
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Introduction
There is some evidence that seasonal
and we ather ch a n ges influence mor-
bidity and mortality. The diseases con-
cerned are mostly respiratory and car-
diac affections (1-4). There is a popu-
lar belief that rheumatic conditions are
p a rt i c u l a rly sensitive to ch a n ges in
weather or outdoor temperature (5-7).
Despite the positive influence of local
heat on joint pains, the link between
the season or external weather condi-
tions and pain in rheumatic diseases
appears difficult to prove (8, 9). The
impact of meteorological conditions on
p e rc e ived health and quality of life
(QOL) of AS patients has not been yet
documented.
Our objective was to examine the rela-
tionship between QOL and cl i n i c a l
measures, season and weather condi-
tion changes in a cohort of AS patients.

Patients and methods
Study sample
Men and women with AS aged 18 to 65
ye a rs , resident in the Lorraine regi o n ,
we re included in a cohort study. Sub-
jects we re selected from the ‘A s s o c i a-
tion Contre la Spondy l a rt h rite A n ky-
losante et ses Conséquences’ (ACSAC),
a French national self-help group for
persons with AS. Subjects were includ-
ed with the diagnosis of definite or
probable AS, according to the revised
diagnostic New York criteria (10):
1) insidious onset of low back pain,
age lower than 45 years, more than 3
months duration, associated with mor-
ning stiffness, relieved by rest,
2) occurrence in the relative of an AS
proband or an HLA-B27 positive indi-
vidual of (a) recurrent chest pain in the
thoracic region, (b) unilateral acute iri-
tis with enthesopathy or (c) seronega-
tive oligoarthritis,
3) limitation of lumbar motion in two
planes,
4) limited chest expansion, measured
at the 4th intercostal space, corrected
for age and sex.
Patients were not included when they
s u ffe red from other serious ch ro n i c
conditions (e. g. malignant tumour,
serious heart disease), including other
rheumatic diseases which could possi-
bly interfere with the patients’ QOL.
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a 5-level Like rt-type scale ra n gi n g
from 0 to 4. For each dimension and
component, item values are summed
up and the scores are normalized so as
to range from 0 (perfect health) to 10
(poor health).

Weather variables
Weather variables were obtained from
the meteoro l ogical office in Nancy,
Lorraine. The weather variables were
collected as close as possible to the pa-
tients’ places of residence, from three
meteorological sites covering the Lor-
raine region. The we ather va ri abl e s
assessed daily were: 1) mean tempera-
t u re, 2) hy gro m e t ry leve l , 3) wind
s p e e d, and 4) at m o s p h e ric pre s s u re.
Daily measurements were taken over
the whole study period.

Effects of weather conditions
Five questions we re add ressed each
using all four weather variables com-
bined in five different sets detailed in
Table I. The association of the first set
of weather variables with clinical mea-
sures, and the remaining four sets with
AS-AIMS2 values was tested using
Pe a rson corre l ation coefficients. Th e
overall level for the relationship with
clinical measures was 0.05; the level
for the re l ationship with A S - A I M S 2
values was 0.01, a choice dictated by
the high number of statistical tests per-
formed with this latter outcome.

Effects of seasons
Changes in the AS-AIMS2 scores were
measured over the season changes. To
compare magnitudes of changes from
one season to the next, we used the
s t a n d a rd i zed response mean (SRM),
defined as the ratio of the mean change
to the standard dev i ation of ch a n ge
(14). A c c o rding to Cohen (15), t h e
SRM was then interpreted as follows:
an absolute score value of 0.5 to 0.8
indicated a moderate change, and of
0.8 or greater a high change. A positive
value reflected an increase in the QOL
score, a negative value a decrease.

Results
AS-AIMS2 scores according to the
dimensions and components
Among the 146 patients at baseline, the

scores showed an important impact of
the disease on the five components of
the health status of these pat i e n t s :
Physical: 3.4; Affect: 3.9; Social inter-
action: 4.7; Symptoms: 5.7; Role: 3.1
(Table II). There was a significant gen-
der effect in the Physical component,
with a higher impact in females (3.5
versus 2.9; p = 0.012).

Relationship between seasons and 
AS-AIMS2 scores (Table III)
Among the 146 patients to whom the
questionnaires were sent initially, 106
(72.6%) participated in the study ac-
ross all of the four measure m e n t
waves. The mean duration of their dis-
ease at the start of the study was 11.8
years. Variations in their QOL score
a c c o rding to the season (Table III)
were observed mainly in the Physical
component (SRM =-1.1), which show-
ed a decrease in the QOL score, i.e. an
improvement in their QOL in summer
and a decrease of their QOL in winter
in the Role component (SRM = 1 . 3 )
tested on 29 patients reporting activi-
ties in this category. Changes for the
Social interaction component we re

Table I. Research questions in five sets.

First set What is the relationship between today's clinical measures and current weather 
conditions assessed by 4 variables (temperature, hygrometry, wind speed,
atmospheric pressure)

Second set What is the relationship between QOL and 4 weather variables over the past 4 
weeks, assessed by:
- mean value over the previous 28 days
- mean daily change over the previous 27 day-to-day difference
- cumulated daily changes (sum of absolute change values over the previous 28 days
- cumulated decrease (sum of negative change values over the previous 27 days)

Third set What is the relationship between QOL and 4 weather variables over the past week,
assessed by:
- mean value over the previous 7 days
- mean daily change over the previous 6 day-to-day difference
- cumulated daily changes (sum of absolute change values over the previous 7 days
- cumulated decrease (sum of negative change values over the previous 7 days)

Fourth set What is the relationship between QOL and 4 weather variables over the past 2 days,
assessed by:
- mean value over the previous 2 days
- mean daily change over the previous 2 day-to-day difference
- cumulated daily changes (sum of absolute change values over the previous 2 days
- cumulated decrease (sum of negative change values over the previous 2 days)

Fifth set What is the relationship between QOL and 4 weather variables over the next 2 days 
following questionnaire completion, assessed by:
- mean value over the next 2 days
- mean daily change over the next 2 day-to-day difference
- cumulated daily changes (sum of absolute change values over the next 2 days
- cumulated decrease (sum of negative change values over the next 2 days)

Table II. AS-AIMS2 scoresa according to
the dimensions and the components:

Mean Standard 
deviation

Dimension

Mobility 1.8 2.0

Waiking 4.5 2.ó

Hand and finger function 0.7 1.5

Arm function 1.9 1.8

Self-care 8.8 2.1

Householdtasks 1.8 2.3

Spine mobility 4.1 1.5

Social activity 5.3 1.8

Family support 4.2 3.0

Joint pain 5.7 1.3

Work 3.1 2.3

Nervoustension 5.0 2.3

Mood 2.9 2.4

Component

Physical 3.4 2.0

Affect 3.9 2.4

Symptoms 5.7 1.3

Role 3.1 2.3

Social interaction 4.7 1.5

a AS-AIMS2 scores range from 0 (perfect health)
to 10 (poor health).
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observed in all seasons (SRM 0.8 or a
decrease of QOL in winter, and SMR -
0.9 and -1.0 or an improvement in
summer and fall, respectively). There
was a moderate improvement in the
Affect component in summer (SRM =
0.7).

Relationship between weather con-
ditions and clinical variables on the
same day in winter (first set)
In the 43  patients undergoing physical
examination, there was a significantly
l ower Schober index (higher spine
s t i ffness) associated with a higher
wind speed: r = -0.31 (p value = 0.03)
as well as with a lower temperature: r =
0.31 (p value = 0.03) (Table IV). Per-
ipheral joint problems did not correlate
with weather variables,and atmospher-
ic pressure did not correlate with clini-
cal variables in this AS sample.

Relationship between weather 
conditions and AS-AIMS2 scores
A number of significant weather asso-
ciated changes were observed at the
various time horizon explored.
C h a n ges in the we ather over the 28

days prior to the filling out of the ques-
tionnaire (second set) were corelated
with some components of QOL in win-
ter: the Social interaction and Physical
QOL scores were significantly lower
(higher QOL) when the temperat u re
was lower: r = 0.28 (p value = 0.008)
and r = 0.28 (p value = 0.01 ) respec-
tively. They were higher (lower QOL)
when the wind speed was higher: r =
0.27 (p value = 0.01 ) and r = 0.27 (p
va l u e = 0 . 0 1 ) , re s p e c t ive ly. No such
link was evidenced in other seasons.
C h a n ges in the we ather measured 7
days prior to the filling out of the ques-
tionnaire (third set) were not signifi-
cantly related to QOL scores.
S h o rt - t e rm ch a n ges in the we at h e r,
over 2 days prior to the filling out of
the questionnaire (fo u rth set) we re
mainly linked to QOL in the summer: a
lower score in the Affect and Physical
components (higher QOL) was observ-
ed when the atmospheric pressure was
lower in the summer (r = 0.45, p value
= 0.004 and r = 0.41, p value = 0.01,
re s p e c t ive ly). A lower score in the
Physical dimension (higher QOL) was
also associated with a lower hygrome-

try level in winter (r= 0.33, p value =
0.002). No such relationship was seen
in other seasons.
When studying weather changes dur-
ing the two days following the filling
out of the questionnaire (fifth set), no
significant relationship was found with
QOL scores.

Discussion
The AS-AIMS2 scores observed in our
patients showed a strong impact of AS
on QOL, whatever the season. More-
over, there were substantial variations
in AS-AIMS2 scores according to the
seasons. The stro n gest va ri ations in
QOL re flected improvements in the
Physical component in summer (com-
pared with winter) and in the Social
interaction component in summer and
fall (compared with winter and sum-
mer, respectively). Differences in the
measurement interval length may have
resulted in a smoothing or masking of
non-linear changes, especially over the
longer intervals.
The AS patients in this study appeared
to be in better physical shape in the
summer, which could be related to in-
creased temperatures on average; they
reported better social relationships in
the summer and fa l l , an observat i o n
that can be interpreted as a shift in the
p at i e n t s ’ weighing of social intera c-
tions, or by closer contacts with their
social networks, partly attributable to
the holiday period for most businesses
in summer in France. Variations also
re flected decreases in the pat i e n t s ’
Q O L , in the Social interaction and
Role components in winter (compared
with fall), which is coherent with the
other seasons. For the Role component
( Wo rk dimension ex cl u s ive ly ) , t h e
analyses relied on too small a number
of subjects to be properly interpreted.
The moderate improvement in the
Affect component observed in summer
might be associated with a higher light
exposure, a phenomenon that has been
suggestedtoalleviate depression symp-
toms, and thus to improve mood. We
could not report on the spring wave,
which was not performed due to logis-
tic difficulties.
The link between clinical measure s
and concomitant weather variables was

Table III. AS-AIMS2 score variations of components over the seasons (Standardized
Response Mean: SRM values).

Winter - Summer Summer - Fall Fall - Winter

Average measurement interval 172 days 111 days 96 days

Component
Physical -1.1 0.6 0.7
Affect - 0.7 - 0.2 0.1
Symptoms 0 7 0 3 0 4
Role (29 patients) - 0.6 - 0 4 1.3
Social interaction - 0.9 -1.0 0.8

Interpretation of SRM values (15):lower than 0.5:low change; between 0.5 and 0.8:moderate change;
greater than 0.8: high change.

Table IV. Relationship between clinical values and weather conditions on the same day,
indicated by Pearson correlation coefficients.

Spine problems Peripheral problems

Schober index Pain Stiffness Pain

Temperature 0.31 a 0.10 0.15 0.12

Windspeed -0.31 a -0.14 -0.16 -0.10

Hygrometry level - 0.15 - 0.01 - 0.09 - 0.12

Atmospheric pressure 0.15 - 0.02 0.09 0.16

a p value = 0.03
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moderate for spine stiffness with wind
speed and temperature; a higher stiff-
ness (i.e., a lower Schober index) was
associated with higher wind speed and
lower temperature.
P revious studies in art h ritis pat i e n t s
conducted in Australia have shown an
association of pain and stiffness with
i n c reasing humidity and decre a s i n g
temperature (9). In the literature this
link ap p e a rs difficult to demonstrat e
(16). Although observational, this study
adds some evidence in favour of this
relationship.
S eve ral types of ch a n ges in we at h e r
conditions were positively and signifi-
c a n t ly associated with the Phy s i c a l
component of QOL. These results are
consistent with the link between season
changes (particularly wind speed and
hy gro m e t ry level) and the Phy s i c a l
component. Also, there was a trend to
an association of QOL with long-term
we ather ch a n ges in the winter, a n d
short-term weather changes in the sum-
mer. A higher outdoor exposure in the
summer season might be related to a
more immediate reaction than in win-
ter. However, given the number of sta-
tistical tests performed we cannot rule
out the presence of chance findings, al-
though we conservatively reported only
p values lower than 0.01. A recent stu-
dy from Finland reported a rise in the
incidence of uveitis in warm and transi-
tional seasons compared to a lowe r
incidence rate in cold seasons, but such
relationship could not be demonstrated
in the subgroup of patients who also
developed ankylosing spondylitis (17).
It is a popular belief that short-term
changes in weather conditions are often
announced by functional signs among
p atients with art h ritis. Th e re was an
association between clinical measures
and the weather on the same day, as
reported by the patients in our study,
probably reflecting a direct reaction to
actual change, even if not visible. But
there appeared to be no experience of
changes in the QOL values by anticipa-
tion before actual weather changes in
these patients during the 2 days follow-
ing the filling out of the questionnaire.
RA patient often report weather sensi-
tivity, and there was a significant link
of pain and stiffness with cold tempera-

tures, changes in humidity, and follow-
ing high baro m e t ric pre s s u re, but a
minimal contribution to the magnitude
of clinical symptoms (18). In contrast,
no major seasonal variation could be
evidenced in SLE disease activity (19).
In other rheumatic diseases, a circ a -
a n nual distri bution of acute gout at-
tacks with a peak in spring has been
evidenced (20), whereas no such varia-
tion could be shown for acute pseudo-
gout attacks.
Further research is needed on the role
of circadian and seasonal biologi c a l
rhythms in triggering pain, as a media-
tor of deterioration in the QOL. The
potential impact of such a parameter on
t re atment is not stra i g h t fo r wa rd, bu t
this knowledge could be integrated into
patient appraisal and counselling. We
believe that greater complexity in the
individual data and/or daily measures
(instead of a 28-day period) wo u l d
h ave ex p l o red a short - t e rm link be-
t ween QOL and the we ather more
a c c u rat e ly. Howeve r, the A S - A I M S 2
measures QOL over a 28-day period
prior to the filling out of the question-
naire, entailing a potential recall bias.
Therefore a more refined tool would be
needed to analyse re l ationships ove r
short time ranges.
In concl u s i o n , this study using the
patient perception specific QOL mea-
sure provides some support to the pop-
ular belief and frequent rep o rts by
rheumatic AS patients of a link of their
disease with season and weather condi-
tions.
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