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The purpose of this narrative review was to highlight 
the research on the influence of weather conditions on 
patients with osteoarthritis, the pathophysiological 
mechanisms and the therapeutic consequences. A 
search was conducted using the Pubmed, Medline 
and Web of Science databases. Barometric pressure, 
temperature and humidity are the weather conditions 
that are found to be correlated most to the worsening 
of pain complaints. But, due to the difficulty of 
measuring the impact of these variables and the 
great diversity in study protocols, an analysis of 
studies regarding this topic shows conflicting results. 
Central sensitization mechanisms and the function of 
a Transient Receptor Potential channel might explain 
the pain hypersensitivity to cold weather. Joint pain, 
caused by central sensitization mechanisms, cannot 
always be treated with joint arthroplasty. When pain 
remains present after joint arthroplasty, centrally 
mediated pain constitutes an important role.

Keywords : Osteoarthritis ; weather ; hypersensitivity ; 
central sensitization ; arthroplasty.

INTRODUCTION

In daily practice, a clinician is often confronted 
with osteoarthritis (OA) patients who feel that their 
symptoms worsen with certain meteorological 
conditions. The first description of this phenomenon 
in academic literature is found in a study by Edström 

(1948), who revealed that rheumatoid arthritis 
(RA) patients showed improvement of signs and 
symptoms, when living in a constantly hot and dry 
environment(15). Hollander and Yeostros (1963) 
later confirmed the influence of meteorological 
changes on arthritic pain. In a room with controlled 
air pressure, temperature and humidity, OA and RA 
patients experienced worsening of their symptoms 
when they were exposed to humidity increase 
and barometric pressure decrease (24). Since then, 
several studies have aimed to depict the influence of 
meteorological changes in OA patients. 

This literature review intends to discuss the 
evidence concerning this topic. Hypotheses con-
cerning the cause of the influence of the meteo-
rological conditions will be reviewed. Possible 
pathophysiological mechanisms, such as central 
sensitization mechanisms and a functionally active 
channel in OA, will be discussed. In addition, the 
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chances of total joint arthroplasty (TJA) on the 
resolution of pain symptoms caused by sensitization 
mechanisms, will be analysed. 

METHODS

This literature review is written after bibliographic 
database research of Pubmed, Web of Science 
and Medline. Furthermore, manual search was 
performed in the reference lists of the articles and 
reviews selected until December 2016. The main 
focus in this review is OA, therefore articles that 
only described RA were excluded.

The following Mesh-terms or a combination of 
Mesh-terms were used : “Osteoarthritis”, “Baro-
metric pressure”, “Temperature”, “Weather”, 
“Pain”, “Hyperalgesia”, “Arthroplasty”, “Pain thres-
hold”, “Central Nervous System sensitization”, 
“Pain measurement”, “Arthralgia”, “Arthritis”, 
“Cold temperature”, “Climate”, “Joint diseases”, 
“Depression”, “Hip joint”, “Chronic pain” 
“Transient Receptor Potential channels’’ “Oxidative 
stress”, “Interleukin 1” and “Cytokines”.  

RESULTS

Different types of studies have been conducted to 
investigate the effect of meteorological conditions 
on OA pain. They will be discussed separately.

In 1992, 70 chronic pain patients completed the 
Weather and Pain Questionnaire (WPQ) and a Visual 
Analog Scale (VAS). Patients reported temperature 
(87%), weather changes (76%), humidity (73%) and 
precipitation (72%) as conditions that influenced 
their pain the most. Sunshine and thunderstorms 
were less reported. In addition, patients were divided 
into 2 groups : high or low weather sensitivity. 
High weather-sensitive patients reported greater 
pain intensity and longer pain duration(44)no 
standardized measures of weather sensitivity have 
been developed. We describe the development and 
use of the Weather and Pain Questionnaire (WPQ.

Three years later, 588 chronic pain patients, 
divided over four cities with different climates in the 
United States of America (USA), filled out the same 
WPQ. The majority (68%) believed that changes 
in weather affected their pain. Patients stated that 

their symptoms worsened either during, or after, 
changing weather conditions. Cold (61%) and 
humid (73%) conditions were considered to have 
the greatest influence. Hot weather and changes 
in temperature and barometric pressure were less 
frequently perceived to have influence. The belief 
that living in a colder climate worsens pain, was 
not supported in this study. The study suggests that 
the body establishes an equilibrium in relation to 
the local climate, so that changes in weather trigger 
an increase in pain, regardless of the prevailing 
meteorological conditions (27).

Of 137 patients (16% OA) interviewed by Asian 
researchers, 74% reported to be weather sensitive. 
Again, humidity and cold weather, were said to 
have the biggest effect (38).

In a Japanese study, patients were divided in 
four different climate clusters. Clusters with lesser 
sunshine and more precipitation showed to have a 
higher incidence of patients with joint pain. This 
study furthermore mentions that the type of work 
a patient performs, is of great importance to their 
arthralgia (51). There has not been any correction for 
this pain worsening factor in this study, nor in any 
other. 

In an Australian survey, conducted in 2014, 
patients with arthritis (69% OA) reported cold 
weather as the element with the greatest impact on 
their pain and quality of life (26).

The disadvantages of these retrospective 
studies have to been taken into account. Socio-
cultural differences have been ignored in all of the 
studies. In some cultures, pain perception might 
be expressed quicker and easier than in others (12). 
Exposure to the weather could be greater in warmer 
climates ; therefore patients could be more affected 
by the weather. The way people adapt to the weather 
(clothing, use of a heater) has not been considered 
either. 

The perception of pain might also be affected by 
the mood of a patient. The impact of meteorological 
factors on the risk of causing depressive symptoms 
has been described (40). In addition, pain perception 
and mood are two frequently associated aspects 
(1). Therefore it is not unreasonable to speculate 
that weather conditions may affect pain in part via 
changes in mood. Jamison et al. (1995) found that 
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patients who reported to be weather sensitive, also 
were more likely to have emotional distress (27). 
They were not able to correct this factor in any of 
these studies. 

Patients feel less helpless if they can relate 
their pain to external conditions (7). They tend to 
perceive correlations between uncorrelated random 
sequences. There is a tendency to seek for an 
explanation for the worsening of pain and ignore 
arguments that disconfirm that explanation (43). For 
example, if patients were told they had arthritis, 
they tend to be more sensitive to the weather (27). So 
called confirmation bias could explain why weather 
conditions are remembered to cause pain, and other 
factors are forgotten or ignored. 

The use of analgesic medication and comorbidities, 
which could affect pain perception, are not taken 
into account in any of the studies. Another strong 
disadvantage in these studies is the use of average 
measured temperatures, hence the impossibility to 
examine the effect of changing weather conditions.  

In the following studies, when not described 
differently, daily filled out pain scores were 
compared to local meteorological conditions.

In the first prospective study to appear, no 
association could be made in any of the VAS-scores 
with any of the investigated weather variables, 
including the regularly discussed variables in this 
review (45).

Contradictive to the previous study, temperature, 
precipitation and atmospheric pressure were noted 
to influence pain in 62 patients with arthritic 
symptoms over a 30 day study period. 83% of the 
OA patients reported to have worsening pain due 
to weather conditions. Precipitation was found to 
be the most significant factor. Humidity was not 
considered as an influencing factor (23).

A longer study period has been assessed in a study 
in Argentina, where 151 patients (52 OA) filled out 
a VAS and a questionnaire over the period of one 
year. Pain correlated with low temperature and high 
humidity (48).

A study investigating the effect of temperature, 
barometric pressure and precipitation on the 
symptoms of 154 OA patients in 2003, showed no 
effect for temperature or precipitation. Barometric 
pressure resulted to be significantly relevant in 

women. Barometric pressure only resulted to have a 
significant relationship with OA symptoms in men, 
when the pressure kept rising over 3 consecutive 
days. The study was conducted in Florida, in the 
presence of a stable climate, with relatively few 
days of precipitation and the study treated mild OA 
patients with overall lower pain scores. These are 
three explanations for possible underestimation (53).

In 2007, over a period of 3 months, the Western 
Ontario and McMaster Universities Arthritis Index 
(WOMAC) was compared with meteorological 
conditions for patients diagnosed with knee OA. 
Patients were spread out over the USA, thus 
different climate conditions were analysed in this 
study. Temperature, barometric pressure, dew point, 
precipitation, and humidity were measured each day. 
Only temperature decrease and barometric pressure 
increase showed interaction with a diminution of 
the WOMAC-score (34).

Barometric pressure showed to be correlated to a 
higher VAS-score in 53 patients diagnosed with end 
stage OA of the hip in an one month study period. 
No correlation was found for precipitation and 
temperature (8). Earlier, Wingstrand et al. (1990) 
showed that atmospheric pressure is responsible 
for stabilising the hip joint (54). With elimination 
of the effect of atmospheric pressure, the hip could 
be slightly subluxated. If significant pathology is 
present, effusion might follow. This counteracts the 
stabilising effect and could lead to micro-instability 
and unfavourable loading, explaining the heightened 
sensation of pain (54).

Dutch researchers found that humidity was 
associated with WOMAC pain scores, and baro- : 
metric pressure was associated with WOMAC 
function scores. In this study in 2014, 118 patients 
with hip OA were asked to fill out a WOMAC-score 
every 3 months, during 2 years (14).

The largest study on meteorological influences in 
OA pain, asked 810 OA patients to fill out a VAS 
for 2 weeks (50). This was done in five countries, 
after the baseline interview and after 6 and 12-18 
months. Changes in temperature and humidity over 
a 3-day period were associated with a higher VAS-
score. Barometric pressure and precipitation were 
not. When VAS-scores were compared to changes 
in meteorological conditions on 2 consecutive days, 
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speed did so in the non-weather sensitive group. 
For both urban groups, different weather variables 
showed to cause more pain-related stress (31).

OA patients reported to have more pain with 
a decrease in atmospheric pressure in a study 
conducted over the period of one month in Barcelona. 
This is contradictive to other studies, where an 
increase of barometric pressure was correlated to 
intensification of pain. The biggest disadvantage of 
this prospective study is the stable climate without 
much fluctuations of the weather variables (52).

Using the results of a study mentioned above, 
weather sensitive patients were compared to non-
weather sensitive patients (49,50). The two-third of 
the patients that were weather sensitive, were more 
dominantly present in a warm-dry climate (77%) 
than in a cold-wet climate (57%). They were older, 
tended to suffer more of anxiety and/or depression 
and had a lower capacity to cope with pain. Women 
tended to be more sensitive to the weather than men. 
Weather sensitive patients scored higher on a VAS 
and reported damp, rainy and/or cold weather as 
affecting their pain the most. 

DISCUSSION

A number of unproven theories exist to explain 
the increased joint pain with changing weather 
conditions.

A first theory states that tendons, muscles, bones 
and areas of scarring have different densities. Cold 
and damp weather may influence expansion and 
contraction of these tissues differently. This might 
lead to micro-traumas and pain (27).

An increase of stiffness in the joints could be 
caused by alterations in barometric pressure and 
temperature. This triggers subtle movements that 
enhance a nociceptive respons (27,50). Changes in 
barometric pressure may also cause a transient dis-
equilibrium in body pressure that may sensitize 
nerve endings. Sensitized type 4 mechanoreceptors, 
important nociceptors in the joint, may intensify the 
pain (17,56).

Finally, as mentioned before, pain could be 
caused by mood fluctuations due to seasonal 
weather patterns (1,27,40).

no significant correlation was found. Furthermore, 
warm-dry climates showed higher VAS-scores, but 
the effect of meteorological variables tended to be 
higher in cold-wet climates (50).

Australian patients, diagnosed with knee OA, did 
not show any correlation between exacerbation of 
their pain and weather conditions. They were asked 
to fill out a VAS, every tenth day for three months. 
Disadvantages of this study are the relatively stable 
climate, the ten-day measurement period and the 
study method (big changes in weather conditions 
were needed to be categorised as change of a 
weather condition) (20).

For the prospective studies, the same disadvantages 
apply as for the questionnaires regarding socio-
cultural influences, inter- and intra-individual pain 
perception differences, daily mood swings, the 
use of analgesic medication and comorbidities. 
Although in the study by Strusberg et al. (2002), 
results were left out if exacerbation of their disease 
was due to other mechanisms than changing weather 
conditions (48). Timmermans et al. (2015) excluded 
patients with signs of depression and heavy changes 
in medication use (50). Confirmation bias will 
not play such an important role as it does in the 
questionnaires, since in most studies patients did not 
know their pain reports were compared to weather 
conditions. Though patients could still sense the 
weather, and it could have shaped their judgement. 
Except for the study conducted by Strusberg et al. 
(2002), no study has taken into account the fact that 
patients could have spent their follow-up period at 
another location (48). 

In these studies, OA patients are compared to 
healthy subjects, or weather sensitive patients 
are compared to non-weather sensitive patients. 
The same disadvantages, as described above, are 
applicable for the following studies.

In 1986, weather sensitive OA patients from 
Chicago city and rural North Dakota were compared 
to non-weather sensitive OA patients. The non-
weather sensitive rural subjects showed not to be 
affected by any of the weather variables regarding to 
pain, whereas weather sensitive subjects had more 
pain-related stress with a change in the temperature 
or barometric pressure. Precipitation correlated with 
pain in the urban weather sensitive subjects, wind 
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changing meteorological conditions is questioned 
by several studies, but could be clinically significant 
on a population level due to the high prevalence of 
OA (14,34,53). To provide further evidence, repetition 
of a particular study design on the same geographic 
location or in the same climate would be required. 

Central sensitization mechanisms share a causa-
tive role with peripheral mechanisms, related to the 
cause of pain in OA (5,17).

Patients with high WOMAC-scores display 
more mechanical hyperalgesia at the knee joint and 
at far distant joints when compared with controls 
and patients with low WOMAC-scores (29). When 
placing their hand in a cold water bath, patients 
with high WOMAC-scores also report higher pain 
intensity ratings (29). 

Pain threshold measures are a part of quantitative 
sensory testing (QST), a form of testing that indicates 
the presence of sensitization in OA(5). Cold pressure 
thresholds (CPT) in subjects with knee OA exhibit to 
be significantly higher. Furthermore, subjects with 
knee OA exhibit significantly reduced pressure pain 
thresholds (PPT) compared to controls. Moreover, 
higher PPT are observed with higher VAS-scores (36). 
When knee OA patients are divided into four 
groups, constructed by dichotomizing clinical knee 
pain scores and radiographic knee OA Kellgren and 
Lawrence Scores. Patients reporting high levels of 
clinical pain in the absence of moderate-to-severe 
radiographic knee OA, exhibit hyperalgesia when 
PPT and CPT are measured (21). 

The results of these studies suggest the influence 
of central sensitization in OA patients and show 
a correlation between severer OA and a greater 
importance of central sensitization.

Cold hyperalgesia, caused by central sensitization, 
could explain the heightened pain response in colder 
weather conditions by OA patients. Cold and general 
hyperalgesia are important factors to be considered 
in the treatment of OA. Currently used medication 
might not adequately tackle the pain caused by 
sensitization. Centrally acting pharmacological 
treatments are suggested to be more effective (29). 
Further research on the use of this medication is 
required.

The processes responsible for OA are cartilage 
destruction and inflammation. Breakdown of carti-

The belief of OA patients in the phenomenon that 
meteorological conditions can alternate their pain 
intensity is strong (10,23,26,27,38,44,45). Components 
that are mentioned the most, are low temperature, 
humidity and precipitation. Furthermore, patients 
feel that their pain intensifies most with changes 
in weather conditions. Barometric pressure is not 
mentioned as an important cause for worsening 
pain. This can be explained by the fact that change 
in pressure is not noticed in daily life and has to be 
actively searched for. The influence of meteorological 
conditions on OA symptoms was frequently signi-
ficantly present. Although different studies show 
conflicting results, an increase in barometric 
pressure (8,14,23,34,53), a decrease in temperature 
(10,23,34,48,50) and an increase of humidity (14,48,50) 
are found to have a significant effect in various 
studies. The only two studies that came to the same 
conclusion, are those of Strusberg et al. (2002) and 
Timmermans et al. (2015), where temperature and 
humidity show to have an effect (48,50). Only two 
studies show an effect of both barometric pressure 
and temperature (23,34). But these studies differ on 
the significance of precipitation on OA symptons 
(23,34). Some studies reach to the conclusion that 
there is no correlation between pain complaints 
and meteorological variables (20,45). The variety 
of meteorological conditions that are of influence, 
is characteristic for the studies on this subject. 
Weather sensitivity is not greater in colder climates 
(27,38,49,50). The effect of the variables is greater in 
colder climates, but higher pain scores are given in 
warmer climates (50). The effect of meteorological 
changes seems to be nearly absent in warm, stable 
climates (20,52,53). 

An explanation for this diversity in results 
is the great importance of factors that might 
cause differences in pain perception. Due to 
these motives and the fact that every study has a 
different geographic location, climate, disease 
group, methodology and statistical evaluation, the 
evidence regarding the effect of the weather on OA 
pain remains small. No general conclusion can be 
drawn from previous studies. But since the belief 
of patients is great, influence of weather conditions 
has to be taken into account in every day clinical 
practice. The magnitude and clinical impact of 
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of the TRPA-1 channel. IL-1 induces production 
of metallopreinases and IL-6 in chondrocytes (39). 
These two were previously mentioned as important 
factors for OA-pathogenesis and hyperalgesia, 
respectively (2,32). This induction is less than half in 
TRPA-1 deficient mice or with the association of a 
TRPA-1 antagonist (39).

The current through the TRPA-1 channel only 
mildly increases when temperature reduces from 
25 °C to 10 °C, but is much larger when a TRPA-
1 channel agonist is added (9). The same results 
were seen in vivo with administration of Freund’s 
Complete Adjuvant (CFA), which causes intra-
articular induction of joint inflammation. The mice 
then displayed more nocifensive behaviour and 
mechanical pain sensitivity after placement on a 
cold plate or exposure to cold temperatures (10°C) 
(3,18). This suggests that TRPA-1 is a key mediator 
of cold hypersensitivity in pathological conditions 
(3). This theory is supported by non-appearance of 
cold hypersensitivity in TRPA-1 knock-out mice 
and a decrease of cold hypersensitivity with the 
administration of a selective TRPA-1 antagonist 
(9,18,19,25).

The role of TRPA-1 was confirmed with over-
expression of the TRPA-1 protein and - mRNA after 
treatment with CFA (11). This overexpression and 
the long lasting mechanical and cold hyperalgesia 
are both inhibited by the pre-treatment of a TRPA-1 
antagonist (11,16,19,42).The TRPA-1 channel induces 
the hyperalgesia through mediation of TNF-α (19).

Pharmacological blocking of the TRPA-1 channel 
might be an interesting method to ease sensitized 
pain. So far, only Go-sha-jinki-Gan (GJG), a 
Japanese herb, is successfully examined regarding 
the effect on TRPA-1 channel mediated pain. GJG 
reduces hyperalgesia in mice by suppressing the 
TRP channels and TRPA-1 expression, and thereby 
suppressing TNF-α. Administration of TNF-α 
counteracted the effects of the drug. No adverse 
effects were seen with treatment of GJG (37). The 
possibility of the use of this medicine for pain 
hypersensitivity and cold hyperalgesia in daily 
practice, requires further investigation. Similar 
cytokines seem to be responsible for TRPA-1 
function and sensitization, which justifies further 
research on this topic.

lage is provoked by the action of catabolic cytokines, 
such as Interleukin 1 (IL-1), Interleukin 17 (IL-17) 
and Tumor Necrosis Factor alpha (TNF-α). They 
act by modulating the expression of the matrix 
metalloproteinases and the cartilage extracellular 
matrices (2). 

Growing evidence is available that certain cyto-
kines predominate in OA with symptoms of central 
sensitization. Levels of Interleukin 6 (IL-6) are 
associated with heat - and cold hyperalgesia (32). In 
addition, cytokines such as IL-1β, IL-6 and TNF-α, 
contribute to pain hypersensitivity. All produce heat 
hyperalgesia after injection (28). TNF-α and IL-1β, 
in contrast to IL-6, show no interaction with any 
type of QST (32). This may be due to the different 
mechanisms by which the cytokines contribute to 
the sensitization mechanisms.

More research is required to understand the 
relation of these cytokines to the central sensitization 
mechanisms and to treat hypersensitivity with 
therapeutic agents directly guided at the cytokines. 

More bone damage and a higher expression of 
Vascular Endothelial Growth Factor (VEGF) and 
IL-1 in cartilage cells of the ankle joint was observed 
in rats when they were exposed to prolonged 
changes in humidity and temperature (6). This 
indicates that environmental factors can influence 
the pathological course of arthritis, possibly due to 
synovial lesions caused by VEGF and IL-1. 

Nociceptive neurons are functionally characte-
rized by the type of sensory receptors and ion 
channels expressed on the plasma membrane 
throughout the cell body and nerve fibres (35). These 
receptors and channels are vital for the detection 
of noxious stimuli. These nociceptive membrane 
proteins, belonging to the Transient Receptor 
Potential (TRP) family, constitute the major group 
of molecular detectors and transducers of pain-
causing stimuli, including cold stimuli. Transient 
receptor potential ankyrin 1 (TRPA-1) was found to 
be activated by cold stimuli (35). In addition, TRPA-
1 showed to be mechano-sensitive and to be found 
in non-neuronal cells (35,39). Functional activity of 
the channel has been observed in chondrocytes and 
synoviocytes in OA joints, where they mediate OA-
related pain, inflammation and cartilage destruction 
(39). IL-1 seems to have a vital role for the functioning 
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surgical treatment consists out of educating the 
patient, exercise, insoles, dietary advice and 
pain medication. Combining non-surgical - with 
surgical treatment is more efficacious at treating 
pain hypersensitivity. PPTs are significantly lower 
in patients that receive non-surgical treatment 
following their TJA, but more serious adverse 
events are associated (47).

We conclude that TJA can play an important 
role in the treatment of hypersensitivity, but strong 
evidence is present regarding the role of sensitized 
pain in chronic pain after TJA. Therefore, further 
research on the use of the earlier mentioned centrally 
acting agents is justified. 

CONCLUSION 

Although the majority of the studies conclude 
that at least one of the meteorological variables 
have an influence on pain in OA patients, no general 
conclusion can be drawn. Repetition of a particular 
study design on the same geographic location or 
in the same climate would be required. Possible 
explanations for greater pain intensities due to cold 
weather are central sensitization mechanisms and the 
function of the TRPA-1 channel. Other treatments 
than TJA might be required if centrally mediated 
pain is present, due to possible persistency of 
centrally mediated pain after TJA. Further research 
is needed on this topic. In addition, further research 
is needed on the treatment of cold hyperalgesia 
caused by the function of the TRPA-1 channel and 
possible treatment options in this area.
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