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Abstract
It is a common observation that pain and stiffness in patients known to have arthritis get worse in cold and damp
weather conditions. The objective of this article is to review the available literature on this subject and to put forward
an explanation for this common clinical finding. Literature search revealed twelve relevant articles including
laboratory experiments and prospective questionnaire-based human studies. Various investigators have tried to
study the effect of cold weather on arthritic symptoms and have suggested different theories. The effect of
temperature changes localized to the joints has shown to increase stiffness at lower temperatures and decrease
stiffness at higher temperatures. The effect of these changes has been found more pronounced in elderly population
with arthritis and patients with advanced disease. The evidence to support this common observation is weak;
however some studies have reported a trend towards worsening of pain and stiffness with falling temperature and
barometric pressure in arthritic patients.
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Introduction
Patients with chronic joint pain frequently report worsening of their
pain and stiffness due to changes in the weather. Patients who are
known to have arthritis and live in colder climate have been shown to
report more pronounced symptoms of their illness than those living in
warmer areas, even though the pathologic joint involvement has not
been found different. It has been suggested that approximately 80% to
90% patients with arthritic disease could be sensitive to cold weather
and falling barometric pressures in the presence of humidity [1].
Studies of patients with chronic pain have documented some
association between the level of joint symptoms and the cold weather
[2-4]. However, there is some evidence suggesting that pain in some
individuals is affected more by weather conditions than in others, and
that each individual reacts in different ways to the changes in weather
[5].
Stiffness in joints is an important clinical feature as well as a major
diagnostic criterion in the diagnosis of rheumatoid arthritis (RA) and
osteoarthritis (OA). Patients find that stiffness imposes a great
limitation in mobility of their joints and is also associated with
increasing pain. Winter is energetically more demanding and stressful,
during which the thermoregulatory demands typically increase [6].
Different theories have been proposed and experiments have been
performed to find an explanation for the worsening of joint symptoms
in cold weather; however the mechanism behind this effect remains
largely unknown [7]. We hypothesized that symptoms of arthritic
disease deteriorate in cold and damp climate and reviewed the
available literature on this subject to suggest an explanation for this
common belief and observation.
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Methodology
Literature was searched from PubMed, Embase, the Cochrane
electronic databases, Elsevier Scopus and Google Scholar. The primary
terms searched included ‘joint stiffness in winter months’ and ‘cold
weather’, ‘pathophysiology of synovial joint stiffness’, ‘effect of weather
on arthritic joints ‘and’ arthritic symptoms in cold climate’.
All types of studies, which involved laboratory experimental studies,
biomechanical models, cadaveric specimens, questionnaire-based
studies, case-series reviews on human subjects and review articles were
searched. Studies on patients with osteoarthritis (OA), rheumatoid
arthritis (RA) and healthy population were included. No article was
excluded based on the chronicity of the available studies or the sample
size. The abstracts of the searched articles were reviewed first, to assess
their relevance and then the full text articles were obtained through
online access or manual search through the library access.
Studies published only in English language were selected, and those
in other languages whose English translation was not available, were
excluded. Twelve articles whose full texts were available and which
fulfilled the above criteria were included in the final selection. Table 1
shows the main features of the included studies.

Results
To determine the effect of cold climate on joints, Wright and Johns
[8] performed an experiment on two subjects, in which the hand was
immersed in ice water. The temperature of the forearm muscles
remained constant (recorded from an intramuscular thermistor
needle). There was a 10% to 20% increase in stiffness on cooling. It was
interesting to note that in arthritic joints the relation between elastic,
viscous, and frictional stiffness was the same as in normal joints. Only
in severely damaged joints, which showed marked clinical and
radiographic deterioration, could excessive friction be demonstrated.
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Even in these joints frictional stiffness did not contribute significantly
to joint stiffness, the major component increased was elastic stiffness.
Hollander [9] performed an interesting study on patients with
obvious symptoms and signs of OA (n=4) and RA (n=8). Hollander
created a climate-controlled room in his laboratory where all five
climatic factors including temperature, humidity, barometric pressure,
and air flow and air ionization were controlled. Hollander observed

these patients in this chamber in pairs for a period of two weeks each.
Hollander found that six of the eight RA patients and all four OA
patients reported more pain and stiffness when humidity was
increased and barometric pressure was decreased. No changes in pain
perception were reported when only one weather parameter was
changed. However, this study used a small number of subjects and only
a short duration of time was spent in the chamber.

Authors

Type of Study

Year

Country

Disease

No of Patients

Wright & John [8]

Lab experiment

1960

Baltimore, USA

Healthy subjects

2

Hollander [9]

Climate-controlled chamber

1961

New York, USA

RA & OA

12

Patberg et al. [10]

Prospective pain diary

1985

Netherlands

RA

88

Silbley [11]

Prospective
questionnaire

1985

Canada

RA & OA

70

Guedj and Weinberger [12]

Questionnaire-based interview

1990

Israel

RA & OA

62

Shutty et al. [4]

Questionnaire-based interview

1992

Virginia, USA

RA & OA

70

Hoppe et al. [13]

Questionnaire-based

1994

Germany

Healthy subjects

1064

Jamison et al. [7]

Multicentre
interview

1995

Boston, USA

RA & OA

558

Hawley et al. [14]

Questionnaire-based interview

2001

Kansas, USA

RA, OA, Fibromyalgia

1424

Inaba and Mirbod [15]

Questionnaire-based interview

2010

Japan

Healthy subjects

74

Smedslund and Hagen [5]

Systematic review

2011

Norway

double-blind

questionnaire-based

Table 1: Summary of the included studies.
Patberg et al. [10] performed a prospective study on 88 patients with
RA. They selected these patients randomly from outpatients
department with age ranging between 30 years to 68 years and an
established disease of 5 years to 30 years duration with 90% being
seropositive. The patients were given diaries to record their pain levels
at different timings of the day for the duration of one whole year. The
results of this study showed that increasing humidity and falling
barometric pressure produced increased arthritic pain, swelling and
stiffness in patients with an established rheumatoid arthritis.
In a prospective, double-blind study on 70 patients (RA: 35, OA:
35), Sibley [11] compared the severity of rheumatic symptoms to
changes in weather conditions using a Visual Analogue Scale (VAS).
The majority of patients (62%) believed that various aspects of weather
aggravated their symptoms. There was no difference in age, gender,
diagnosis or perceived symptom severity between weather-sensitive
and weather-insensitive patients. No significant correlation was found
between symptoms of any patient group or individual with any of 13
combinations of weather features. These results suggested that contrary
to the belief of the majority of patients with RA or OA; external
weather conditions did not significantly influence the day-to-day
symptoms of arthritis.
Guedj and Weinberger [12] performed a prospective
questionnaires-based study on 62 patients with arthritic disease
including rheumatoid arthritis and osteoarthritis. Morning weather
conditions were changeable: temperature ranged from 8°C to 27°C,
barometric pressure from 1007 mbar to 1025 mbar, and relative
humidity from 39% to 96%. Swelling and everyday activity were
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compared with changes in daily weather conditions. In most patients,
change in weather increased arthritic symptoms. Women were found
more sensitive to weather changes than men (62% v 37%). Pain was
affected positively by barometric pressure and temperature in RA and
by temperature, rain and barometric pressure in OA. Based on the
statistical analysis of their study, Guedj and Weinberger supported the
belief of most rheumatic patients that weather conditions significantly
influence their day-to-day symptoms [12].
Shutty et al. [4] interviewed 70 patients with chronic joint pain.
They created Weather and Pain Questionnaire (WPQ) that assessed
the patients' sensitivity to the meteorological variables of temperature,
sudden weather changes, humidity, precipitation and sunshine. The
symptoms assessed were pain intensity, duration and interference with
functional activities. Their tool was designed using factor analysis to
produce a Weather Sensitivity Index (WSI) with high internal
consistency and test-retest reliability. Reporting patterns suggested that
patients could reliably identify which meteorological variables
influenced their pain but could not reliably determine which of their
symptoms were consistently affected. They reported that temperature
(87%) and humidity (77%) had the greatest effect on their pain and
stiffness. Patients who were labeled 'weather-sensitive' reported
significantly greater pain intensity, longer duration of pain, and more
sleep disturbances.
Jamison et al. [7] investigated differences in the perceived influence
of weather on pain in a prospective multicenter questionnaire-based
study on 558 patients living in 4 cities of United States. Local
climatologic data of each city were obtained from the National
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Climatic Data Centre. All patients completed a weather questionnaire
and the information they provided was compared with demographic
and weather variables. Majority of patients with chronic pain perceived
changes in weather as affecting their pain and stiffness. Most patients
reported that their arthritic symptoms were affected before and during
weather changes, in particular during cold and damp weather
conditions. Younger patients with chronic pain who had been told
‘they had arthritis’, tended to be most sensitive to weather changes.
Weather sensitivity was unrelated to all other demographic variables
and to geographic region. Cold and damp conditions were considered
to influence pain the most. However, the perceived effect of weather on
pain was not found to be related to regional climate. Thus, the belief
that living in a colder climate worsens pain was not supported in this
study.
Höppe et al. [13] conducted two independent weather-sensitivity
surveys in Germany and Canada. In Germany, 1064 citizens were
interviewed, of which 54% population thought they had a varying
degree of influence of cold weather on their health. Joint symptoms
comprised 40% of all the included symptoms in the questionnaire. In
Canada, 1506 citizens were interviewed and 61% subjects considered
themselves to be weather sensitive. Interestingly, joint-related
symptoms comprised only 10% of the overall symptomatology in
Canadian population in this study.
Hawley et al. [14] analysed the nature of seasonal symptoms, their
prevalence, and differences among rheumatic disorders over a period
of up to 24 years. They used a questionnaire assessment using the
Seasonal Pattern Assessment Questionnaire (SPAQ) in 1424 patients
with rheumatoid arthritis, osteoarthritis and fibromyalgia. About 50%
of patients with rheumatic disease reported exacerbation of rheumatic
symptoms by seasonal changes. Using circular statistics, the modal
months for worse symptoms were December and January, and for best
symptoms was July. However when pain and global severity
measurements obtained over a 24 year period were analyzed, pain was
slightly increased in the summer and global severity was not related to
season at all. Even when patients who specifically reported worse
symptoms in winter and best symptoms in summer were examined, no
effect of season could be found. Hence the results of this study showed
that seasonal variation of arthritic symptoms appeared to reflect
perception rather than reality.
Inaba and Mirbod [15] conducted two surveys on the subjective
musculoskeletal symptoms among male electricians working in the
buildings under construction in winter (n=74) and summer seasons
(n=83). They used a self-administered questionnaire to collect
information on age, occupation, working habit, present illness, and
subjective musculoskeletal symptoms. Mean age, occupational career
and daily smoking of the supervisors were significantly higher than
those of the other subjects. In general, prevalence rates of stiffness,
numbness, pain, finger cold sensation, dull movement of the fingers,
pain in the wrist, knee joint, pain and numbness in the foot and cold
sensation in winter were significantly higher than those in summer.
These results were marked especially in the workers compared to the
supervisors. In winter, there were no significant differences in the
prevalence rates of subjective musculoskeletal complaints between the
supervisors and the other workers. On the other hand, in summer,
prevalence of stiffness and pain in the shoulder, stiffness and pain in
the neck, dullness and pain in the arm, finger cold sensation, low back
dullness and low back pain in the supervisors were significantly higher
than those in the other workers.
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In a recent review article on the effects of weather in patients with
rheumatoid arthritis, Smedslund and Hagen [5] suggested that many
different weather variables have been studied in the past, but only
three (temperature, relative humidity and atmospheric pressure) have
been studied in more detail. Individual analyses from two out of the
nine included studies indicated that pain reporting in a minority (<
25%) of RA patients was influenced by temperature, relative humidity
or atmospheric pressure. Their findings did not show any consistent
group effect of weather conditions on pain in patients with rheumatoid
arthritis.

Discussion
It has been suggested that the belief that signs and symptoms of RA
are influenced by weather might be due to individual’s tendency to
perceive patterns that don’t exist [16]. Osteoarthritis is a multifactorial
disease with complex etiologies involving hereditary, developmental,
metabolic, mechanical and other factors. The disease progression
involves a combination of abnormal mechanical stresses and
biochemical imbalances that lead to a loss of proteoglycans, disruption
of the collagen network and alterations in other joint tissues such as
the synovium and subchondral bone [17]. Symptoms of rheumatoid
arthritis, in particular, have been noticed to vary in severity due to
seasonal variation. Environmental factors, such as temperature and
moisture have been noticed to contribute to symptomatic worsening,
but some other factors, such as levels of hormones, antibodies,
inflammatory factors, and immune response could also be responsible
for this trend [6].
The differences in stiffness are considered to become prominent
with increasing age. The older the subjects, more stiff they become.
Joint size may contribute to the changes observed up to the attainment
of maturity but cannot explain increases in stiffness occurring after.
The increase in stiffness may be related to changes in collagen, which
the joint capsule is largely composed of. It is well known that there is
alteration of collagen with advancing age, shown by increase in fibril
width, greater thermal contraction, decreased susceptibility to
collagenase and increased cross-linking [18-20].
The effect of temperature changes localized to the joint has been
shown by increased stiffness at lower temperatures and decreased
stiffness at higher temperatures. The latter effect probably accounts for
the subjective benefit derived by arthritic patients from localized heat
remedies. The contention that a significant part of the stiffness
measured at the joint is attributable to the joint itself might be
supported by these results. Here local temperature changes in the joint
produce clear changes in stiffness while the temperature of more
remote structures such as muscles remains constant [8,21-24].
Six studies reported association between worsening of arthritic
symptoms with cold climatic conditions [4,8-10,12,13], however the
remaining six studies did not show any convincing suggestion of this
association [5,7,11,13-15]. There was a trend noticed towards
worsening pain and stiffness with falling temperature and barometric
pressure and increasing humidity in patients with arthritic disease, in
particular rheumatic patients. Most of these studies were
questionnaire-based interviews and hence the subjectivity of individual
observation could not be quantified. Temperature and humidity were
the most widely studied variables but varied with the geographical
location of the individuals. There were many variations found between
the methodology of the studies, their duration, participating subjects,
climatic conditions and the extent to which the participants were
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studied. In a study of smaller duration, only a small part of yearly
temperature range could be studied to influence patient’s symptoms. It
is also possible that the variation in symptoms observed by the
patients, in particular in cases of RA, was due to variations in disease
severity rather than variations in weather variables. In order to study
the effects of weather on joint symptoms, experimental studies should
be designed to focus on evaluation of weather variables on objective
assessment of disease variables, however, there are potential challenges
of variation of daily exposure to outdoor weather and measures to
control the indoor climate conditions.

7.

Conclusion

11.

The evidence to support the common belief and observation that
cold climate worsens arthritic symptoms, is weak, however, some
studies and experiments have shown that patients with arthritic
symptoms do experience a trend of worsening in pain and stiffness in
cold and damp weather. This is particularly noticed in rheumatoid
patients and elderly patients with advanced degenerative changes in
their joints. It could not be ascertained whether this was due to
variation in perception of symptoms nor was there a scientific reason
behind this common belief. It creates a potential for a well-structured
study on human subjects with arthritis, the results of which might help
to understand the pathophysiology behind this clinical observation,
hence providing direction towards controlling the ailment in these
patients either before or during extreme climate conditions.

12.
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