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The assumption that weather influences signs and symptoms
of rheumatoid arthritis (RA) is widespread1-4. In contrast
with this general opinion, scientific proof is lacking. From a
study that failed to find any weather effect, the authors
suggested that the belief that signs and symptoms of RA are
influenced by the weather might be due to people’s tendency
to perceive patterns where none exist5. Ascribing disease
flares even to uncontrollable factors could enhance subjec-
tive appraisals of the illness’s predictability3. There are even
patients who maintain, “It simply has to be the weather,
there’s no other explanation”6.

Studies on weather effects on RA are scarce, which might
be explained by the difficulty of monitoring variables that
reflect the disease activity. Although weather data are abun-
dantly available, daily determination of objective RA vari-
ables, like the erythrocyte sedimentation rate (ESR) or
C-reactive protein (CRP), is impracticable. On the other
hand, subjective RA variables, such as joint pain and stiff-

ness, can be scored daily, but remain subjective. Apart from
5 studies in which the ESR, CRP, or measured joint stiffness
was used as a disease variable7-11, all studies we found
reported weather effects, if any, on subjective variables.

Temperature and humidity are the most often studied
weather variables, but the reported effects vary with the
geographic location of the study. Our recent finding that
being outdoors has a beneficial effect on RA11 made us
conclude that temperature and humidity must be considered
as one complex weather variable. With this in mind, we
analyzed the available literature and tried to explain the
apparently conflicting findings.

MATERIALS AND METHODS
Literature search. The literature published from 1985 to April 2003 was
reviewed using a search of the PubMed database of the US National
Library of Medicine. We used the following key terms: (arthrit* OR
rheumat*) AND (meteorolog* OR climat* OR atmospher* OR baromet*
OR water vapor OR vapor pressure OR wind speed OR weather OR
temperature OR humidity OR outdoor*). Key articles on weather effects on
RA were identified, and additional articles of interest were selected from
the bibliographies of published literature, as well as from our own archives.

Relation between temperature and humidity. The temperature and humidity
of air are strongly interrelated. Warm air can contain more water than cold
air. Therefore, higher temperatures will increase the water vapor pressure
(absolute humidity) in areas where water is available for evaporation. The
opposite occurs at decreasing temperature. This is illustrated by the loss of
water when the air is cooled during the night, resulting in condensation on
cold objects. The intimate relationship between the 24-hour means of
temperature and vapor pressure is apparent from the very high correlation
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ABSTRACT. Objective. To review and evaluate the evidence for the widespread view that signs and symptoms of
rheumatoid arthritis (RA) are influenced, or even caused, by the weather.
Methods. A literature search from 1985 to April 2003 was performed using the PubMed database of
the US National Library of Medicine. Additional relevant articles were identified from the bibli-
ographies, and from our own archives. Methods and findings of the studies were critically reviewed.
Results. Only temperature and humidity appear to have clear influences on the symptoms of RA,
although the reported findings do not agree. In many cases, the apparent controversies can be
explained by the intimate relationship between temperature and humidity, and by taking local
circumstances into account. The differences in the methods applied in studies on effects of weather
on RA strongly hampered our evaluation.
Conclusion. RA variables are positively correlated with the humidity of the microclimate at the
patient’s skin. High outdoor relative humidity is unfavorable, but has less influence when there are
few barriers for water vapor, like clothes, and when air conditioning is used. High temperature is
unfavorable since it increases absolute humidity, but beneficial as well, since it reduces the presence
of barriers, and stimulates the use of air conditioning. The classic opinion, “Cold and wet is bad,
warm and dry is good for RA patients,” seems to be true only as far as humidity is concerned. 
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coefficient, as observed in The Netherlands in 1996 (n = 366 days): r = 0.95.
Relative humidity is defined as the amount of water that is contained by

air of a certain temperature as a percentage of the amount of water that
maximally can be held by air at that temperature. So, if no water is added,
this percentage will decrease with increasing temperature. The opposite
occurs with decreasing temperature, and if cooling continues after reaching
a relative humidity of 100%, the above-mentioned condensation takes
place. In this situation, the vapor pressure is maximal at the actual temper-
ature.

Literature review. The conclusions of studies on weather effects on RA vary
considerably. A third of the studies found no association with weather vari-
ables (Table 1), and the conclusions of the studies that did find an effect
(Table 2) are sometimes conflicting. For instance, cold weather has been
reported to worsen12-14 as well as to alleviate9,11,15-17 joint pain.

The variety in methodology hardly allows comparison of the studies,
which may explain the differences in results and conclusions. The number
of subjects studied varied from one to a few thousands, while the study
duration ranged from a few weeks to many years. Further, RA variables
were assessed daily throughout the whole study period in only half the
studies. In the other studies each subject contributed only during one or
more shorter periods. In the 9-year study by Latman7, the ESR and CRP of
each of the 2802 subjects were measured only once, making it a kind of
cross-sectional study. A completely different approach was applied in the
study by Patberg17 in which the ESR was determined every 2 weeks during
3 years. However, he himself was the only subject who was studied.

All studies looked for immediate effects of weather on RA variables. In
addition, 5 studies aimed to find delayed weather effects of up to 5
days5,10,14,18,19. In 4 other studies by Patberg, et al, delayed effects for up to
half a year were investigated9,11,15,17.

The extent to which the patients studied were exposed to the weather
varied greatly in the different studies. In 2 of these, artificial weather was
generated using a controlled climate chamber20,21. Two other studies were
done on inpatients8,12, so here as well the subjects were not exposed to the
outdoor weather. In a recent study11 in which the daily time spent outdoors
was determined during 4 years, staying outdoors for longer time resulted in
lower joint pain scores and a lower ESR. In the other reports no indication
was given of the extent to which subjects were exposed to the weather.

Temperature. Effects of temperature have been included in the scope of all
studies (Tables 1, 2, and 3). Six studies found a positive relationship
between outdoor temperature and RA variables (Group A)9-11,15-17, 4 found
a negative relationship (Group B)12-14,20, while 7 studies found no effect of
temperature on RA variables (Group C)2,5,7,8,18,19,21.

The 6 studies of Group A were all carried out in regions close to the sea.
Most of the other studies were done in a continental or temperate climate,
or indoors (Tables 1 and 2).

Four of the longest studies (one year or longer), in which daily assess-
ments of each participant were obtained throughout the whole study period,
belong to Group A9,11,15,17, all from Patberg, et al, and 2 to Group B13,14. In
the other groups, the relatively short study periods per subject were over-
lapping, or the total number of assessments per subject was small.

The Journal of Rheumatology 2004; 31:71328

Table 1. Reports of studies that found no relation between weather and RA.

Study No. of Subjects Duration Location Weather Variables RA Variables Remarks
(RA only)

Gorin19 75 911 days (each Central Temp, bar, hum, Pain Subjective disease variable.
subject: daily scoring Connecticut, sun No simultaneous scoring period

for 75 days) USA (temperate for all subjects. Only immediate,
climate) and one-day delayed effects studied

Drane18 53 3 years (each Sydney, Temp, sun, bar, Pain, duration Subjective disease variables. Not
subject: 8 periods Australia hum, win, pre of morning stiffness one period of consecutive scoring.

of 2 wks with daily (temperate Only immediate, and delayed 
scoring at intervals climate) effects of –1 and +1 day studied

of 3–4 mo) “Humidity and changes in humidity
seem to make the largest contribu-
tion of the weather variables”

Redelmeier5 18 15 months (each Palo Alto, Temp, bar, hum Pain, joint Subjective disease variables. Small
subject: 2 assessments/mo) CA, USA tenderness number of subjects. Only 2

assessments per month. Only
immediate, and delayed effects of
–2 to +2 days studied

van de Laar10 79 11 months (each Amsterdam, Temp, bar, hum, Morning stiffness, Both subjective and objective 
subject: one 4-wk Netherlands win, sun tender joints, disease variables. Only simulta-
period with only (marine climate) swollen joints, neous, and 2 days’ delayed effects
3 determinations Ritchie Index, ESR, studied. Many patients. Only 3 
at 2-wk intervals) CRP, grip strength assessments per subject, scattered 

over 11 mo. No effects found, 
except positive correlation between 
change in temperature and change 
in ESR

Sibley2 33 1 month (each Saskatoon, Temp, bar, hum, Subjective RA Subjective judgments of disease 
subject: 1 mo Canada (dry, cold sun, pre, win complaints in general activity. Short study period. Only 
daily scoring, climate) immediate effects studied 

Latman7 2802 9 years (each Hot Springs, Season ESR, CRP Only objective disease variables.
subject: 1 ESR, and AR, USA Very long study period. Many
CRP determination; (temperate patients; only one determination

no serial data) climate) per subject

Temp: temperature, hum: relative humidity, bar: barometric pressure, sun: sunshine, win: wind speed, pre: precipitation.
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Table 2. Studies that reported a significant relationship between weather and RA.

Study No. of Subjects Duration Location Weather Variables RA Variables Remarks
(RA only)

Strusberg14 82 1 year Cordoba, Temp, bar, hum Pain Subjective disease variable. Many 
Argentina patients. Long study period. 

(temperate climate) Negative correlation between 
temperature and pain. Positive 
correlation between relative 
humidity, as well as barometric 
pressure and pain. Delayed effects 
up to 5 days studied.

Patberg11 1 4 years Groningen, Temp, time, Pain, ESR Both subjective (daily: joint pain) 
Netherlands outdoors and objective (every 2 wks: ESR) 

(marine climate) disease variables. Only 1 subject. 
Long study period. Negative corre-
lation of time spent outdoors with 
pain and ESR

Aikman13 25 4 non- Bendigo, Temp, bar, hum, Pain, rigidity Subjective disease variables. No 
(RA + OA) consecutive mo Australia (dry climate) win, pre discrimination between RA and 

(one month in OA. Negative correlation between 
each season) temperature and pain/rigidity. 

Positive correlation between rel. 
humidity and pain/rigidity. No 
delayed effects studied

Patberg17 1 3 years Groningen, Temp, vap Pain, ESR Both subjective (daily: joint pain) 
Netherlands and objective (every 2 wks: ESR) 

(marine climate) disease variables. Only 1 subject. 
Long study period. Positive correla-
tion of temperature (and vapor pre-
sure) with pain (max at 30 days’
delay) and ESR (max at 48 days’
delay)

Guedj16 16 5 mo (each Israel (midcoastal Temp, bar, hum, Pain, swelling Subjective disease variables. Short 
subject: 4-wk plain) pre scoring periods. Positive correlation 

period daily scoring) between temperature, barometric 
pressure, and pain. No delayed 
effects studied

Patberg9 1 5.5 years Groningen, Temp, vap Pain Subjective disease variable. Only 1 
Netherlands subject. Daily pain scoring. Long 

(marine climate) study period. Positive correlation 
between temperature as well as 
water vapor pressure and pain. 
Delayed effects

Dequeker12 19 4 days to 5 wks Leuven, Belgium Temp, bar, hum, Pain, Ritchie Subjective disease variables. Short 
(average 15.3 days; (indoors) win, sun Index average study duration. All patients 
assessments on 5 stayed indoors (hospital). Lower 

days a wk) relative humidity, combined with 
higher temperature and less cloudi-
ness, correlated with less pain. No 
delayed effects studied

Rasker8 13 RA, 12 3 wks (measurements Enschede, Temp, bar, hum Stiffness and Objective disease variables. Short 
controls on 2 days wkly) Netherlands force of finger study period. Measurements on 

(indoors) joints only 6 days. Positive correlation 
between stiffness and relative 
humidity. No delayed effects 
studied

Patberg15 88 1 year Groningen, Temp, vap,  hum, Pain Subjective disease variable. Many 
Netherlands bar, win, sun patients. Long study period. 

(marine climate) Positive correlation between 
temperature as well as vapor pres-
sure and pain. Delayed effects 
studied 
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Objective disease variables were applied in 3 studies in Group A10,11,17

and 2 studies in Group C7,8. However, in Group A the number of determi-
nations per subject was higher (107, and 40 in one subject11,17, and 3 in 79
subjects10) than in Group C (6 in 13 subjects8, and one in 2808 subjects7).

In most studies, immediate effects of temperature or effects after up to
5 days were investigated. Four studies by the same author in Group
A9,11,15,17 investigated more delayed effects (up to half a year). In 2 of these
studies9,17, the strongest correlations between temperature and RA variables
were found at a considerable lag time (5–7 weeks).

In summary, there is little difference in the number of studies that found
a positive, a negative, and no correlation between temperature and pain
(Table 3).

Humidity. All studies except one7 investigated effects of humidity on RA
variables (Tables 1, 2, 3). Ten studies reported a positive relationship
(Group D)8,9,11-15,17,20,21, and none a negative relationship. In 6 studies no
relation with humidity was found (Group E)2,5,10,16,18,19.

The studies by Patberg, et al11,15 and Patberg9,17 belong to Group D.
These studies investigated the correlation with the absolute humidity
(vapor pressure). There is a very intimate positive relationship between the
24-hour means of temperature and vapor pressure in regions where water is
abundantly available: warm air contains more water than cold air. In
regions where water is less available, there is a negative relationship
between temperature and relative humidity (see Discussion for detailed
clarification of the relationship between temperature and humidity).
Therefore, it is not surprising that the 4 studies that found a negative rela-
tionship between temperature and RA variables (Group B) reported a posi-
tive relation with relative humidity. These studies were all done in rather
dry environments: the inland cities of Cordoba, Argentina14, and Bendigo,
Australia13, inside a hospital in winter12, and in an artificially maintained
dry (and hot) climate20.

The only study on objective measurement of joint stiffness in RA
patients8 found a positive correlation with humidity outside the hospital,

The Journal of Rheumatology 2004; 31:71330

Table 2. Continued.

Study No. of Subjects Duration Location Weather Variables RA Variables Remarks
(RA only)

Hollander21 8 2 to 4 wks Controlled Temp, bar, hum Pain, Lansbury Subjective disease variables. 
climate chamber Index Experiments in controlled climate 

chamber. Few subjects. Short study 
period. Complaints increased 
during combined increase of rela-
tive humidity and decrease of 
barometric pressure 

Edström20 18 100 days Ward with Temp, hum Pain, swelling Stable temperature (32˚C) and 
controlled climate relative humidity (35%) in ward. 

Less swelling, less pain, better 
walking and moving

Temp: temperature, hum: relative humidity, vap: water vapor pressure, bar: barometric pressure, sun: sunshine, win: wind speed, pre: precipitation.

Table 3. Summary of correlations found by studies, as numbered.

Weather Group Correlation Subjective RA Variables Objective RA Variables
Variables (see text) General Joint Pain Joint Swelling Rigidity Morning Ritchie ESR or Finger

Symptom Stiffness Articular CRP Stiffness
Severity Duration Index

Temperature A Positive — 9, 11, 15, 10, 17
16, 17

B Negative 20 12, 13, 14, 20 20
C None 2 5, 18, 19, 21 5, 10 10, 18 7 8

Humidity D Positive 20 9, 11, 12, 13, 20 13 17 8
14, 15, 17,

20, 21
Negative —

E None 2 5, 10, 16, 18, 5, 10 10, 18 10 10
19

Barometric — Positive — 14, 16 16
pressure Negative — 21 21

None 2 5, 12, 13, 15, 5, 10 13 10, 18 10, 12 10 8
18, 19

Time outdoors — Positive —
Negative — 11 11

None
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but not inside. There was no correlation with measured force, but this may
be explained by the severe destruction and joint laxity of the hands of the
RA patients participating in the study. Note that in the other study as well,
done inside a hospital12, a positive correlation with outdoor relative
humidity was found. Heating may have caused the lack of correlation with
the indoor relative humidity since this decreases the relative humidity.

Barometric pressure. Nine out of 12 studies failed to find an effect of baro-
metric pressure on RA variables (Tables 1, 2, 3). Two studies reported a
positive relationship with pain14,16, and in another study, RA variables
worsened when falling barometric pressure was combined with an increase
in relative humidity21. In a one-year study on 367 patients, Rentschler, et
al22 found a positive relationship between barometric pressure and pain.
However, the type of arthritis of the participants is unclear, and the period
of observation varied between 2 weeks and one year.

Other weather variables (wind speed, precipitation, sunshine). In addition
to the weather variables above, several studies investigated effects of wind
speed2,10,12,13,15,18, precipitation2,13,16,18, and sunshine2,10,12,15,18,19 on RA vari-
ables. One study12 reported that more sunshine correlated with less pain,
but only in combination with lower relative humidity and higher tempera-
ture. All other studies found no effect of these weather variables.

Combined weather variables. As noted, the temperature and humidity of air
are strongly interrelated, and should be considered as one complex vari-
able. In one study, this complex weather variable was combined with
sunshine in order to investigate correlation with the joint pain score12.

In 1963, Hollander observed an increase of RA complaints during
combined increase of relative humidity and falling barometric pressure21.
These “weather” changes were generated to act on subjects residing in a
controlled climate chamber. Eight subjects participated for 2 to 4 weeks in
this study, which has never been repeated. A more detailed discussion of the
relationship between temperature and humidity, and the influences of these
variables on the microclimate close to the skin, is given below. We argue that
a great deal of the seemingly contradictory conclusions of different studies
are actually in agreement regarding the effects of these 2 weather variables.

DISCUSSION
On first examination, reports to date seem to provide no
clear evidence that there is any weather effect on the signs
and symptoms of RA. Only 5 studies were based on objec-
tive measures7,8,10,11,17, and these had various shortcomings.
In one study, stiffness of the joints and force of only 3
fingers were measured during 3-week periods in 13
subjects8. In the other 4 studies, ESR and/or CRP were used
as objective measures. In one study, however, only 3 deter-
minations were done on each participant10, and in 2 other
studies determinations were done at 2-week intervals during
years, but these comprised only one patient with RA11,17. In
the 9-year study on 2802 RA patients7, the ESR and CRP of
each participant were determined only once. Nevertheless,
our evaluation of subjective as well as objective findings
provides strong indications of influence of the weather,
especially of air temperature and humidity, on RA.

Monitoring disease activity. In monitoring disease activity
of RA, daily determination of objective variables like ESR
and CRP for long periods is impractical. Therefore, investi-
gators have to resort to subjective variables. Ideally, subjec-
tive scoring methods should be standardized, but the
reported studies applied considerably differing methods:
self-reporting questionnaires for pain14,16 or general symp-
toms2, self-scoring of pain or duration of morning stiffness

with10,12,18,19 or without9,11,13,15,17,18 visual analog scale
(VAS), global examination by clinician20, or using VAS5,10,
Lansbury Index21,23, or Ritchie Articular Index10,12,24.
Disease activity scoring methods, like radiographic damage,
that correlate best with later disease outcome apply subjec-
tive as well as objective variables25-27. This fits in with the
high correlation between ESR and daily pain score found in
a 3-year study on one patient with RA17.

In several studies, some of the participating patients had
rheumatic conditions different from RA2,13,14,16,20,21, but
differentiation of the results by condition was not always
reported. We restricted ourselves to findings in patients with
RA (Table 1 and 2, column 2).

Exposure to weather. A factor that is likely to have masked
the relationship between the outdoor weather and RA vari-
ables is the extent to which patients were actually exposed
to it. Weather can only exert its influence as far as patients
are not shielded from it by housing, clothing, etc., which
depends on several factors like profession, habits, and the
weather itself. Except for barometric pressure, the weather
circumstances that directly surround patients with RA will
often be very different from the meteorologically reported
weather data that are normally used in these studies. For
example, outdoor frost will have little effect on patients
staying indoors all day. In order to avoid erroneous results,
Clarke and Nicholl28 deliberately did not assess temperature,
as each patient’s home environment would have differed.
Studies to date scarcely took exposure to the weather into
account. In a recent study11 we showed that there is a rela-
tionship between the time spent outdoors and variables of
RA. Being outdoors for longer times turned out to be bene-
ficial in RA.

Study duration and variation in weather variables. Most
studies were of too short duration to make use of the avail-
able yearly variation of weather variables. For instance, in a
study of a few weeks, only a small part of the yearly temper-
ature range can influence the patients studied. Such a small
variation in temperature may be insufficient to bring about a
noticeable effect. In all studies with full-range variation of
temperature, a relation with RA variables was found. This
implies that studies of weather effects on RA should last
preferably for a period that comprises the extremes of at
least one summer and one winter. Moreover, it is essential
that throughout the study, data be obtained from all partici-
pants, and not by different subjects that participate in over-
lapping fractions of the study period. This is important since
it is plausible that the variation of RA variables between
patients is much higher than the variation that may be
brought about by weather variables. For instance, interindi-
vidual variation of ESR in RA patients is large29 (roughly
0–100 mm/h) compared to the reported changes in ESR due
to temperature changes10,11,17. Therefore determinations of
RA variables of all participants in the study should be made
on the same days.

Patberg and Rasker: Weather and RA 1331
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Immediate, late, and predicted effects. In most studies no
attention was paid to late effects of weather on RA.
However, in 3 out of 4 studies that looked for delayed
effects (more than 5 days)9,11,15,17, significant effects of
temperature and humidity on RA were found. Thus in future
studies more attention should be paid to late effects on RA
variables. This can be achieved by cross-correlation with
wide phase-shifts (weather preceding RA variables) as
described9,15,17. Such an analysis with phase-shifts in oppo-
site directions (RA variables preceding weather) can also be
used to reveal any weather forecasting potential of patients
with RA, although a study on 25 patients concluded that
weather predictions were not better than chance6.

The microclimate. Humidity of the air can influence the
human body mainly via the respiratory tract and the skin.
We consider that effects on the lungs can be excluded, since
inspired air is brought to body temperature and is saturated
with water as it enters the trachea30. In winter, the upper part
of the airway will add more heat and water to the incoming
air than in summer, but substantial cooling or dehydration
will be prevented by each subsequent warm and water-satu-
rated expiratory outflow. Therefore if the humidity of the air
were to affect the human body, the most likely influence
would be on the microclimate close to the skin.

The humidity of the microclimate is also influenced by
evaporation from the skin. The air at the open pores of sweat
glands in the skin surface is saturated with water. At skin
temperature, this gives rise to a locally high vapor pressure,
even if no sweating occurs. Clothes will hamper the ventila-
tion over the skin, keeping the vapor pressure elevated,
while airy clothing brings about the opposite effect.
Therefore the humidity of the microclimate will also depend
on the presence of barriers to the transfer of water vapor
between the body and the outside air, such as clothing and
housing.

The net effect of the meteorological vapor pressure, the
presence of barriers, and the use of air conditioning on the
microclimate will depend on local circumstances. We
compared the results of the 4 most comprehensive studies,
which were carried out in a marine climate (Groningen, The
Netherlands15), a dry climate (Bendigo, Australia13), and a
temperate climate (Cordoba, Argentina14, and Sydney,
Australia18). The duration of each study was at least one
year. In Figure 1, for each location, the longterm monthly
means of the outdoor absolute humidity (vapor pressure) are
plotted against temperature.

In Groningen, the relative humidity is always high, and
changes in temperature almost completely govern the
absolute humidity (Figure 1A). Except for some warm days
in summer, barriers like clothes and housing will hamper the
transfer of water vapor from the skin, which keeps the vapor
pressure of the microclimate elevated. Recent measure-
ments in the microclimate of one of the authors (WRP,
living in Groningen) confirm this assumption: the mean

vapor pressure in the microclimate in April, May, June, and
July 2003 was 2.6, 2.5, 1.9, and 0.9 g water/kg dry air,
respectively; higher than the corresponding meteorological
values plotted in Figure 1A. The decrease of these values
illustrates the gradual removal of barriers between the
microclimate and the air outdoors as the temperature
increases.

In summary, the vapor pressure of the microclimate is
positively correlated with the outdoor temperature as well as
vapor pressure. This might explain the positive correlation
between these 2 weather variables and RA pain found at
Groningen15.

During the increase in temperature at Bendigo, the rela-
tive humidity decreases from about 80% to below 50%
(Figure 1B). This explains that the effects of temperature are
opposite to those of relative humidity as reported by
Aikman13. Here as well, warm clothing and housing will
keep the vapor pressure of the microclimate elevated during
the winter months. However, in the warm months (much
warmer than in Groningen) most barriers will be removed,
which enhances the transfer of water vapor away from the
microclimate. Further, the increase of vapor pressure with
temperature is less pronounced in Bendigo due to the
limited availability of water. Finally, fans and air condi-
tioning, which are widely used in this part of the world in
summer, will contribute in lowering the vapor pressure at
the skin. The result will be that, although the outdoor vapor
pressure is slightly increased, in summer the vapor pressure
close to the skin will be lower than in winter. Therefore, in
Bendigo, the vapor pressure of the microclimate is nega-
tively correlated with the outdoor temperature as well as
vapor pressure. This might explain the negative correlation
of RA pain and rigidity with temperature, as well as the
positive correlation with relative humidity, found in
Bendigo13.

For the summer situation in Cordoba and Sydney we
expect that although the outdoor vapor pressure is high
(Figure 1C), the microclimate vapor pressure will be lower
than in winter. After all, since people are lightly dressed,
water vapor from the skin will hardly be hindered in moving
away from the body. Moreover, it will be forced away, since
fanning and air conditioning are applied on a large scale in
these cities. In winter, the situation is reversed: although the
outdoor vapor pressure is much lower than in summer, the
water vapor is more or less trapped in the microclimate due
to warmer clothing and more staying indoors. This consid-
eration is confirmed in the discussion of the Sydney report18:
“...the majority of subjects may have used fans and air
conditioners in summer and heaters in winter”. Therefore,
for Cordoba as well as Sydney, we expect the vapor pressure
of the microclimate to be negatively correlated with the
outdoor temperature and vapor pressure. This might explain
the negative correlation between temperature and RA pain
found at Cordoba.
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The conclusion of Drane, et al18 (the Sydney study) that
there is only minimal association between weather and RA
variables contradicts their finding that, “A statistically
significant association was found between some of the
weather variables and pain and stiffness,” and “Humidity
and changes in humidity seem to make the largest contribu-
tion of the weather variables”. The evidence12,15 for support
of their conclusion that there is no true association between
weather and RA variables is incorrect. Both cited reports do
describe an increase of RA pain with increasing humidity.

The above reasoning would imply that all 4 studies (the
one done in Sydney to a lesser extent) are in agreement as
far as the effects of temperature and humidity are concerned.
The crucial consideration is that in colder regions, the
increase in temperature makes the microclimate more
humid, while in warmer regions the increase in temperature
makes the microclimate less humid as a result of the
removal of most barriers for water vapor, mostly with addi-
tional air conditioning.

The hypothesis that a low vapor pressure of the microcli-
mate is beneficial in RA is supported by the finding that
being outdoors for longer time lowers the pain score and
ESR11. In particular, bicycling while lightly dressed will
increase the ventilation close to the skin, lowering the vapor
pressure. For all climates described here, we consider the
correlation of RA variables with vapor pressure of the
microclimate to be positive. Therefore, we assume that the
effects of the temperature/humidity complex are mainly
effects of humidity, and that correlations of RA variables
with temperature just result from the intimate relationship
between temperature and humidity.

Future investigations. Future studies should be focused on
experiments in which “weather” variables can be manipu-
lated and be well documented. Such manipulations are
limited to variation in daily exposure time to outdoor
weather, clothing, and measures taken to control indoor
temperature and humidity during daytime and during night
rest. Although everyday life will not allow a longterm rigid
experimental setup and protocol, all variables and circum-
stances should be monitored as precisely as possible. In
large part, this can be automated using small digital
measuring and logging devices for temperature, humidity,
and timing, etc. Objective disease variables (ESR and CRP)
and disease activity measures like the Revised Disease
Activity Scores31 should be applied.

In summary, temperature and humidity have influence on
RA variables like pain, stiffness, and ESR. There is little

Patberg and Rasker: Weather and RA 1333

Figure 1. Longterm monthly means of vapor pressure (absolute humidity)
compared to temperature at 4 locations in 3 different climates. A:
Groningen, The Netherlands; B: Bendigo, Australia; C: Cordoba, Argentina
(�); and Sydney, Australia (��). In each loop, the yearly sequence from
January to December is counterclockwise, the gap indicating December to
January. Reference lines are shown for 50% and 100% relative humidity.
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evidence for effects of other weather variables. Although
there were large differences in studies in number of patients,
study duration, geographical location, etc., the effects of
temperature and humidity were reasonably compatible.
They are at least less contradictory than they seemed upon
first examination.

The classic opinion, “Cold and wet is bad, warm and dry
is good for RA patients” seems to be true only as far as
humidity is concerned. It is understandable that most people
associate cold weather with high humidity, and hot weather
with low humidity; they can see it: mist is often seen when
it gets colder, while the sky is usually clear in hot weather.
However, many patients with RA feel good in a period of
clear, freezing weather. Moreover, in a study on seasonal
symptom severity in 1424 patients with rheumatic diseases,
no increase in complaints was found in winter, and no
decrease in summer32.

It is remarkable that none of the studies found a negative
relationship between humidity and RA variables. Out of 16
studies, 10 reported a positive relationship. We consider
measures taken to decrease the vapor pressure, such as light
clothing, indoor ventilation, and being outdoors, are advis-
able for patients with RA.
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