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ERRATUM Table 3 on page 32 (Numbers in original Table 3 are meaningless)

Table 3   Summary of correlations found by studies.

Subjective RA variables Objective RA
variables

Weather
variables

Group
(see
text)

Correlation

General
symptom
severity

Joint pain Joint
swelling

Rigidity Morning
stiffness
duration

Ritchie
Articular

Index

ESR or
CRP

Finger
stiffness

A positive – Patberg 1989,
Patberg et al. 2002,
Patberg et al. 1985,
Guedj et al. 1990,
Patberg 1997

Van de
Laar et
al.
1991,
Patberg
1997

B negative Edström
et al. 1948

Dequeker et al. 1986,
Aikman 1997,
Strusberg et al. 2002,
Edström et al. 1948

Edström et
al. 1948

temperature

C none Sybley
1985

Redelmeier et al. 1969,
Drane et al. 1997,
Gorin et al. 1999,
Hollander et al. 1963

Redelmeier
et al. 1969,

Van de
Laar et al.
1991

Van de
Laar et al.
1991,
Drane et
al. 1997

Latman
1981

Rasker
et al.
1986

D positive Edström
et al. 1948

Patberg 1989,
Patberg et al. 2002,
Dequeker et al. 1986,
Aikman 1997,
Strusberg et al. 2002,
Patberg et al. 1985,
Patberg 1997,
Edström et al. 1948,
Hollander et al. 1963

Edström et
al. 1948

Aikman
1997

Patberg
1997

Rasker
et al.
1986

negative –

humidity

E none Sybley
1985

Redelmeier et al. 1969,
VandeLaar et al. 1991,
Guedj et al. 1990,
Drane et al. 1997,
Gorin et al. 1999

Redelmeier
et al. 1969,

Van de
Laar et al.
1991

Van de
Laar et al.
1991,
Drane et
al. 1997

Van de
Laar et al.
1991

Van de
Laar et
al. 1991

– positive – Strusberg et al. 2002,
Guedj et al. 1990

Guedj et al.
1990

negative – Hollander et al. 1963 Hollander et
al. 1963

barometric
pressure

none Sybley
1985

Redelmeier et al. 1969,
Dequeker et al. 1986,
Aikman 1997,
Patberg et al. 1985,
Drane et al. 1997,
Gorin et al. 1999

Redelmeier
et al. 1969,

Van de
Laar et al.
1991

Aikman
1997

Van de
Laar et al.
1991,
Drane et
al. 1997

Van de
Laar et al.
1991,
Dequeker
et al. 1986

Van de
Laar et
al. 1991

Rasker
et al.
1986

– positive –

negative – Patberg et al. 2002 Patberg
et al.
2002

time
outdoors

none –
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Features of rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory joint disease. In
general, symmetrically located joints are affected, especially the wrists,
and the small joints of hands and feet. Other joints may become in-
volved as well, resulting in pain, radiologically visible damage, and loss
of function. People with the disease often have fatigue, stiffness, espe-
cially in the morning, occasionally fever, and a general sense of not
feeling well.

In healthy people, the inner lining of the joint capsule, called synovium,
produces synovial fluid, which lubricates and nourishes the cartilage
that covers the meeting bones. In RA, which is considered to be an
autoimmune disease, the synovium becomes hypertrophic and edema-
tous and starts eroding the articular cartilage and underlying bone. This
is a painful process, which may lead to full destruction of the joint with
dislocation of the bones, and serious loss of function. Since synovium is
present in tendon sheaths as well, RA often damages the tendons that
run in it. Tendons may even rupture, most frequently in the hands.

RA occurs in all races and ethnic groups, the prevalence in Europe and
the USA being about 1% (Abdel-Nasser et al. 1997). Although the dis-
ease often begins in middle age and occurs with increased frequency in
older people, children and young adults may also become affected.
About two to three times more women than men have the disease. The
course of the disease varies from a few months mild self limiting disease
without causing any noticeable damage to many years of severe disease
with ups and downs but active most of the time, resulting in serious
joint damage and disability or even death (Rasker & Cosh 1984).

In 1978, the first signs of RA came on myself. In the beginning occa-
sionally, and from September 1979 onward RA is there every day. After
a few years in which I got more or less used to having RA, I wondered
what might cause the irregular variations in my joint complaints. My
rheumatologist, and the literature could not answer my questions. In
1983, 4 years after the onset of the disease, I started to score the joint
pain daily on myself. Deprived of any knowledge of RA, I developed
my own standardized scoring method. Years later, when I became ac-
quainted with other scoring methods, I continued to use the method I
started with, in order to keep the pain scores comparable. Now, 21 years
later, I am still scoring my daily joint pain in the same way (see below).
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Monitoring of disease activity in RA

Objective quantification of disease activity in RA might be possible by
measuring physical variables of joints, like swelling, temperature, load-
bearing capacity, and function. Such measurements will reflect rather
precisely the inflammatory state of a joint but can only be applied on
superficially located joints. The method is very laborious, and may give
a rough indication of the total disease activity. In fact, RA disease ac-
tivity cannot be measured directly. However, an impression of the dis-
ease activity can be obtained by the combined use of objective variables
like the erythrocyte sedimentation rate (ESR), and C-reactive protein
(CRP), and subjective variables like pain, and duration of morning stiff-
ness. Daily determination of the former is impracticable due to costs
and being a burden to the RA patient, while the latter can be scored
daily but, even with highly standardized scoring methods, it remains
subjective. Disease activity scoring methods that correlate best with later
disease outcome like radiographic damage, apply subjective as well as
objective variables (van der Heijde et al. 1993; Ward 1993; van Leeuwen
et al. 1994).

In addition to a reliable quantification method, monitoring of disease
activity requires appropriate intervals at which the quantifications are
done. In order to study possible effects of the day-to-day variations in
the weather, I considered it necessary that daily data are available. In
most of the studies described in this thesis, the joint pain was scored
daily in the following standardized way.

1. Scoring was done in the morning, immediately after getting up. At
this time of the day RA complaints are maximal. Pain scoring in the
evening is less reliable since variable daytime circumstances, like
tiredness, might influence the scoring more than the in general more
stable nighttime period.

2. The pain was scored during the execution of standardized exercises
because joint pain strongly depends upon positioning and move-
ments of the joints. The exercises consisted of simple unloaded flex-
ions, extensions, and rotations.

3. Pain was scored for separate joints (e.g. left shoulder) or groups of
joints (e.g. all joints of the right hand). Thus 21 pain scores ranging
from 0 (no pain) to 9 (very severe pain) were obtained for the hands,
wrists, elbows, shoulders, temporomandibular joints, hips, knees,
ankles, feet, and the neck, back, and costosternal joints.
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With one exception, in all studies described in this thesis, the pain
scores were supplemented with the routinely determined laboratory de-
terminations. Figure 1 of Chapter 11 summarizes all quantifications of
RA variables determined on myself. As described in Chapter 9, I found a
significant positive correlation between my daily joint pain score and
routinely determined ESR during 3 years. The correlation was even
stronger if a time delay of 10 days between the two variables (ESR pre-
ceding pain) was taken into account.

In a majority of patients with RA, rheumatoid factor (RF) is found in
their serum. RF indicates a group of antibodies (mostly IgM) with anti-
IgG activity. These antibodies were first found in high titers in patients
with RA. Although the designation suggests that it would be indicative
for the disease activity in RA, the diagnostic value of RF is limited, es-
pecially in low titer (Lopez et al. 1992). In general, patients with RA
who have high titer RF are more likely to have severe disease than other
patients. Recent studies reported evidence that RF is indicative for dis-
ease activity (Knijff et al. 2002) as well as predictor of radiological de-
struction (Knijff et al. 2002; Bukhari et al. 2002; van Gaalen et al. 2003,
Alessandri et al. 2004). The study described in Chapter 8 supports the
association between RF and variables of RA.

Arthritis and weather

For centuries, people have believed that arthritis pain is influenced by
the weather. In his book Airs, Waters, and Places (translated by Jones
1939) Hippocrates discussed the relationship between the elements and
chronic diseases. He points out that a physician should be aware of
what effects each season of the year can produce, where he writes:

"… he will know beforehand the nature of the year that is coming. Through
these considerations and by learning the times beforehand, he will have full
knowledge of each particular case, will succeed best in securing health, and will
achieve the greatest triumphs in the practice of his art. If it be thought that all
this belongs to meteorology, he will find out, on second thoughts, that the contri-
bution of astronomy to medicine is not a very small one but a very great one in-
deed. For with the seasons men’s diseases, like their digestive organs, suffer
change."
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Up to the present, patients with chronic pain frequently report that their
pain and stiffness are influenced by changes in the weather (Hill 1972;
Sibley 1985; Rasker et al. 1987; Affleck et al. 1987; Jamison et al. 1991).
There are even arthritis patients who claim that the relationship is suffi-
ciently precise that they can predict the weather changes by their symp-
toms (Hill 1972; Nyberg & Nyberg 1984). In contrast to these wide-
spread opinions, science offers no proof. The vast quantity of publica-
tions on effects of weather on RA has not accomplished a great knowl-
edge of these effects. Most reports are anecdotal case studies, other
studies had very small sample sizes, and often references were cited er-
roneously. Therefore, the number of studies that contribute to the un-
derstanding of weather effects on arthritis is small. Moreover, the con-
clusions of these studies are not unanimous. This is likely to be caused
by several factors that hamper such studies. As mentioned above, it is
difficult to monitor the disease activity, and the used methods differed
considerably. In Chapter 2, the literature on weather effects in RA is re-
viewed and evaluated.

Weather variables

Weather variables are routinely, and frequently measured at many
places. Therefore, in contrast to RA data, weather data are easily avail-
able. Daily means of most weather variables can be obtained from re-
ports of a neighboring meteorological station. Effects of air temperature,
relative humidity, and barometric pressure are searched for by almost all
studies on weather effects on RA. Less frequent studied variables are
wind speed, precipitation and sunshine. Effects of other weather vari-
ables have hardly been investigated. Apart from a few studies only sepa-
rate influences of weather variables were considered.

The range of variation of most weather variables depends on study dura-
tion. For instance, a study of one month in the summer can apply only
relatively high temperatures with a narrow range. A full-year study will
comprise the whole range of yearly temperatures for a particular loca-
tion.

Two studies tried to overcome the dependence on outdoor weather by
using a controlled climate chamber (Edström et al. 1948; Hollander &
Yeostros 1963). The effects found in some experiments on a few RA
patients have never been repeated.
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Relationships between weather variables

There are several mutual relationships between weather variables, e.g.
the well known negative relation between barometric pressure and wind
speed: depressions are often accompanied by storms while high pressure
is associated with quiet weather. Therefore it is important to realize that
any association between a weather variable and an RA variable may
result from an association of that weather variable with a different
weather variable. Understanding of the relationship between air tem-
perature and humidity is very important because this relation is very
strong, and as mentioned above, effects of these variables are searched
for in almost all reported studies.

As the temperature of air increases it can hold more water, and if water
is available for evaporation, it will contain more water in the form of
vapor. Figure 1 illustrates the increase of vapor pressure (absolute hu-
midity) with increasing temperature for the marine climate of The
Netherlands.

Due to winds from the sea, the relative humidity is in general high
(yearly mean about 85%). Wind from the opposite direction is associ-
ated with much lower relative humidity and vapor pressure. For in-
stance, on the days marked by the circles below the 50% relative hu-
midity reference line (Figure 1), the wind always came from eastern
directions.

Figure 1 shows that cold, wet weather never exists in The Netherlands.
Cold air can contain only a small amount of water. Excess water is lost
by condensation on cold objects. Even during rain in cold weather, the
air between the rain drops is very dry. Although the relative humidity
can be about 100%, it is much lower at warm surfaces (e.g. the human
skin; compare electrically heated car rear window). For instance, if the
outdoor temperature is 0 °C, with a relative humidity of 100%, the rela-
tive humidity close to the skin of the human face at a skin temperature
of 20 °C, is about 30% (move horizontally from 0 to 20 °C on the 4 g/kg
dry air level in Figure 1).

Likewise, Figure 1 shows that warm, dry air never exists in The Neth-
erlands. At 20 °C, the outdoor vapor pressure is virtually always higher
than 60%. About the same circumstances will be present at the skin of
the human face, at the level of 10-12 g/kg dry air. Warm, dry air only
occurs in dry areas without supply of humid air, and where water is
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hardly available for evaporation. As clarified in Chapter 2, this is one of
the reasons why studies done in different climates reported different
conclusions about the influence of the weather on RA patients.

Figure 1 Plot of 24 h mean water vapor pressure against 24 h mean outdoor temperature for a 3-

year period (1997-1999) at Groningen Airport, The Netherlands. Reference lines indicate

50 and 100% relative humidity.

Since living (thus heated) human bodies are involved, only vapor pres-
sure (absolute humidity) is used as a measure for humidity in the studies
described in this thesis. As mentioned above, relative humidity is not a
useful humidity measure of the air because it is temperature dependent.
Due to the strong relationship between temperature and vapor pressure
in The Netherlands, the outdoor temperature curves throughout this
thesis also reflect the outdoor vapor pressure (cf. Figure 1 of Chapter 4).

The relation between two variables can be obscured due to a delay be-
tween the variations of one variable with respect to changes in the other,
e.g. the yearly variation in temperature lags about one month behind the
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variation in sunshine. This is shown in Figure 2 as a broad maximum at
a phase shift of about 45 days. Superimposed on this slow yearly varia-
tion in temperature, which is governed by the earth's orbit around the
sun, there are rapid changes in daily temperature, which are correlated
with variations in sunshine due to variations in cloud cover. This is re-
flected by the narrow positive elevation around a phase shift of 1 day in
the correlogram (Figure 2). Although the latter two variables are corre-
lated with barometric pressure, there is no correlation between baromet-
ric pressure and temperature. As illustrated in Figure 2, cross correlation
is a tool that can reveal immediate, as well as delayed relationships be-
tween two variables. Another example of a dual effect shown in a single
cross correlogram is given in Chapter 10.

Figure 2 Cross correlation between the 24 h means of duration of sunshine, and temperature in

2001. The correlogram shows a short latency (1 day) maximum superimposed on a broad

delayed (about 45 days) maximum.

Exposure to weather

In studies on effects of weather on patients with RA, the participants
were never really exposed to weather during the whole study period. In
other words, people were not outdoors naked. Of course not, but it im-
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plies that the stimulus in the experiments that were done, is far from
well defined. The extent to which studied patients were exposed to
weather was virtually never taken into account. Meteorological data are
always used in these studies but, except for barometric pressure, the val-
ues of meteorological variables are mostly quite different from what is
"felt" by the human body. A clear example of this is outdoor frost,
which will have little effect on people staying indoors all day.

Weather exposure is dependent on e.g. occupation, habits, housing,
clothing, and the weather itself. Two studies, in which a relationship
between the time spent outdoors and RA variables was found, are de-
scribed in Chapter 7 and 8. The review described in Chapter 2 shows that
if local circumstances are taken into account, the four most comprehen-
sive studies on weather effects on RA are much more in agreement than
they seemed at first sight.

The microclimate

In the end, it is the microclimate, the "weather" close to the human skin
that exerts its influence on the body. As is discussed in Chapter 2, it is
unlikely that effects on the respiratory tract play a role. In general, the
skin of the head and hands is most influenced by the weather, especially
when being outdoors. Other parts of the skin are often, or almost al-
ways, shielded from the weather by clothes. It is obvious that clothing,
blankets, housing, etc. can have strong effects on the microclimate. Es-
pecially when clothed heavily, the microclimate is strongly influenced
by the body itself. In addition to heating, the skin humidifies the air be-
neath the clothes, even if no sweating occurs. Clothes will hamper the
ventilation over the skin, keeping the vapor pressure elevated, while airy
clothing brings about the opposite. This is discussed in Chapter 2.

Historical background and outline of the thesis

As mentioned above, I started to score my RA joint pain daily in 1983,
4 years after the onset of the disease. Around that time, I became in-
volved in a study done by my rheumatologist on effects of weather on
joint pain in 88 RA patients. The participants scored their pain daily
during 1 year (1981), and a positive correlation between the daily aver-
aged pain score and the meteorological temperature as well as humidity
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was found (Chapter 6). Also the daily-determined RA pain score of my-
self appeared to be positively correlated with the outdoor temperature
and vapor pressure. In Chapter 3 this is described for the period 1983-
1985, and in Chapters 4 and 5 for 1983-1988. Having found that low
temperature and low vapor pressure turned out to be beneficial, I took
measures to lower the 24 h mean temperature and vapor pressure of the
air that surrounded me. Effects of removal of nocturnal barriers for
transfer of heat and water vapor, and of staying at higher altitudes are
described in Chapters 3, 4, and 5.

So far, studies on myself were mainly based on the daily joint pain
score. In order to add an objective RA variable to my studies, from 1989
on, the ESR was determined more frequently than before: 1-2 times a
month instead of about 3 times a year. In Chapter 9, it is shown for the
first time that there is a positive correlation between the outdoor tem-
perature and the ESR, i.e. between an objective weather variable and an
objective RA variable.

The study in Chapter 10, does not deal with weather effects. It describes
the delayed worsening effect of alcohol on RA pain. The negative peak
in the cross correlation curve between the daily alcohol intake and the
pain score is a demonstration of the sensitivity of the analysis: it nicely
shows the temporary pain suppression by alcohol.

In addition to the earlier measures for lowering the 24 h mean tempera-
ture and vapor pressure of the air that surrounded me, from 1992 on I
studied the effect of periods in which I daily spent a long time outdoors,
on the joint pain score and the ESR. The effect turned out to beneficial
and is described in Chapter 7. Moreover, as described in Chapter 8, I re-
cently found that the effect of being outdoors is very pronounced on the
RF. The RF level virtually always decreased during periods in which I
daily spent a long time outdoors, and increased during short outdoors
periods.

Finally, in Chapter 2 the literature on weather effects in RA is reviewed
and evaluated. At first sight there was not much agreement among the
findings of the different studies. However, a great deal of the controver-
sies could be explained by intimate relationships between weather vari-
ables, and by differences in local circumstances.
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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 identi-

fied from the bibliographies, 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 contro-

versies 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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Introduction

The assumption that weather influences signs and symptoms of rheuma-
toid arthritis (RA) is widespread (Hill 1972, Sibley 1985, Affleck et al.
1987, Jamison et al. 1991). In contrast with this general opinion, scien-
tific 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 per-
ceive patterns where none exist (Redelmeier & Tversky 1969). Ascribing
disease flares, even to uncontrollable factors, could enhance subjective
appraisals of the illness's predictability (Affleck et al. 1987).  There are
even patients who maintain, “It simply has to be the weather, there’s no
other explanation” (Nyberg & Nyberg 1984).

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 abundantly available, daily determination of
objective RA variables, like the erythrocyte sedimentation rate (ESR) or
C-reactive protein (CRP), is impracticable. On the other hand, subjec-
tive RA variables, such as joint pain and stiffness, 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 variable (Latman 1981,
Rasker et al. 1986, Patberg 1989, Van de Laar et al. 1991,Patberg &
Rasker 2002), all studies we found reported weather effects, if any, on
subjective variables.

Temperature and humidity are the weather variables most often studied,
but the reported effects vary with the geographic location of the study.
Our recent finding that being outdoors has a beneficial effect on RA
(Patberg & Rasker 2002) made us conclude that temperature and hu-
midity 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.
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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 (meteoro-
log* OR climat* OR atmospher* OR baromet* OR water vapor OR vapor
pressure OR wind speed OR weather OR temperature OR humidity OR out-
door*). Key articles on weather effects on RA were identified, and addi-
tional articles of interest were selected from the bibliographies of pub-
lished 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 de-
creasing 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 coeffi-
cient, 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 con-
densation takes place. In this situation, the vapor pressure is maximal at
the actual temperature.

Literature review

The conclusions of studies on weather effects on RA vary considerably.
A third of the studies found no association with weather variables (Ta-
ble 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 worsen (Dequeker & Wuestenraed 1986, Aikman 1997, Strusberg et
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al. 2002) as well as to alleviate (Patberg 1989, Patberg & Rasker 2002,
Patberg et al. 1985, Guedj & Weinberger 1990,Patberg 1997) joint pain.

The variety in methodology hardly allows comparison of the studies,
which may explain the differences in results and conclusions. The num-
ber 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 of the studies. In the other studies each subject contributed only
during one or more shorter periods. In the 9-year study by Latman
(1981), the ESR and CRP of each of the 2802 subjects were measured
only once, making it a kind of cross-sectional study. A completely dif-
ferent approach was applied in the study by Patberg (1997) 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 days
(Redelmeier & Tversky 1969, Van de Laar et al. 1991, Strusberg et al.
2002, Drane et al. 1997, Gorin et al. 1999). In 4 other studies by Patberg
et al., delayed effects for up to half a year were investigated (Patberg
1989, Patberg & Rasker 2002, Patberg et al. 1985, Patberg 1997).

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 chamber (Edström et al. 1948,
Hollander & Yeostros 1963). Two other studies were done on in-
patients (Rasker et al. 1986, Dequeker & Wuestenraed 1986), so here as
well the subjects were not exposed to the outdoor weather. In a recent
study (Patberg & Rasker 2002) 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 indi-
cation 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) (Patberg 1989, Van
de Laar et al. 1991, Patberg & Rasker 2002, Patberg et al. 1985, Guedj &
Weinberger 1990, Patberg 1997), 4 found a negative relationship
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(Group B) (Dequeker & Wuestenraed 1986, Aikman 1997, Strusberg et
al. 2002, Edström et al. 1948), while 7 studies found no effect of tem-
perature on RA variables (Group C) (Sibley 1985, Redelmeier & Tver-
sky 1969, Latman 1981, Rasker et al. 1986, Drane et al. 1997, Gorin et al.
1999, Hollander & Yeostros 1963).

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 cli-
mate, or indoors (Table 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 A (Patberg 1989, Patberg & Rasker 2002, Pat-
berg et al. 1985, Patberg 1997, all by Patberg et al.), and 2 to Group B
(Aikman 1997, Strusberg et al. 2002). In the other groups, the relative
short study periods per subject were overlapping, or the total number of
assessments per subject was small.

Objective disease variables were applied in 3 studies in Group A (Van de
Laar et al. 1991, Patberg & Rasker 2002, Patberg 1997), and in 2 studies
in Group C (Latman 1981, Rasker et al. 1986). However, in Group A the
number of determinations per subject was higher (107, and 40 in one
subject (Patberg & Rasker 2002, Patberg 1997), and 3 in 79 subjects (Van
de Laar et al. 1991)) than in Group C (6 in 13 subjects (Rasker et al.
1986), and one in 2808 subjects (Latman 1981)).

In most studies, immediate effects of temperature or effects after up to 5
days were investigated. Four studies by the same author in Group A
(Patberg 1989, Patberg & Rasker 2002, Patberg et al. 1985, Patberg 1997)
investigated more delayed effects (up to half a year). In 2 of these studies
(Patberg 1989, Patberg 1997), the strongest correlations between tem-
perature and RA variables were found at considerable time lag (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).
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Table 1   Reports of studies that found no relation between weather and RA.

Study No. of
subjects
(RA only)

Duration Location Weather
variables

RA
variables

Remarks

Gorin et al.

1999

75 911 days

(each subject:

daily scoring for

75 days)

Central

Connecticut

USA

(temperate

climate)

temp,

bar,

hum,

sun

pain Subjective disease variable. No

simultaneous scoring period for all

subjects. Only immediate, and one-

day delayed effects studied.

Drane et al.

1997

53 3 years

(each subject: 8

periods of 2 wks

with daily scoring

at intervals of 3-4

months)

Sydney,

Australia

(temperate

climate)

temp,

sun,

bar,

hum,

win,

pre

pain,

duration of

morning

stiffness

Subjective disease variables. Not one

period of consecutive scoring. Only

immediate, and delayed effects of -1

and +1 day studied.

“Humidity and changes in humidity

seem to make the largest contribution

of the weather variables”

Redelmeier

et al. 1969

18 15 months

(each subject: 2

assessments per

month)

Palo Alto,

California, USA

temp,

bar,

hum

pain,

joint

tenderness

Subjective disease variables. Small

number of subjects. Only 2

assessments per month. Only

immediate, and delayed effects of -2

to +2 days studied.

van de Laar

et al. 1991

79 11 months

(each subject: one

4-week period

with only 3

determinations at

2-week intervals)

Amsterdam,

Netherlands

(marine climate)

temp,

bar,

hum,

win,

sun,

morning

stiffness,

tender joints,

swollen joints,

Ritchie Index,

ESR,

CRP,

grip strength

Both subjective and objective disease

variables. Only simultaneous, and 2

days delayed effects studied. Many

patients. Only 3 assessments per

subject, scattered over 11 months.

No effects found, except positive

correlation between change in

temperature and change in ESR.

Sibley

1985

33 1 month

(each subject: 1

month daily

scoring)

Saskatoon,

Canada

(dry, cold

climate)

temp,

bar,

hum,

sun,

pre,

win

subjective RA

complaints in

general

Subjective judgements of disease

activity. Short study period. Only

immediate effects studied.

Latman

1981

2802 9 years

(each subject: 1

ESR, and CRP

determination; no

serial data)

Hot Springs,

AR, USA

(temperate

climate)

season ESR,

CRP

Only objective disease variables.

Very long study period. Many

patients. However, only one

determination 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

(RA only)

Duration Location Weather

variables

RA variables Remarks

Strusberg

et al. 2002

82 1 year Cordoba,

Argentina

(temperate

climate)

tem,

bar,

hum

pain Subjective disease variable. Many

patients. Long study period.

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.

Patberg

et al. 2002

1 4 years Groningen,

Netherlands

(marine climate)

tem,

time

outdoors

pain,

ESR

Both subjective (daily: joint pain)

and objective (every 2 weeks: ESR)

disease variables. Only 1 subject.

Long study period. Negative

correlation of time spent outdoors

with pain, and ESR.

Aikman

1997

25

(RA+

OA)

4 non-consecutive

months

(one month in

each season)

Bendigo,

Australia

(dry climate)

tem,

bar,

hum,

win,

pre

pain,

rigidity

Subjective disease variables. No

discrimination between RA and OA.

Negative correlation between

temperature and pain/rigidity.

Positive correlation between rel.

humidity and pain/rigidity. No

delayed effects studied.

Patberg

1997

1 3 years Groningen,

Netherlands

(marine climate)

tem,

vap

pain,

ESR

Both subjective (daily: joint pain)

and objective (every 2 weeks: ESR)

disease variables. Only 1 subject.

Long study period. Positive

correlation of temperature (and

vapour pressure) with pain (max at

30 days delay) and ESR (max at 48

days delay).

Guedj et

al.

1990

16 5 months

(each subject: 4-

week period daily

scoring)

Israel

(midcoastal

plain)

tem,

bar,

hum,

pre

pain,

swelling

Subjective disease variables. Short

scoring periods. Positive correlation

between temperature, barometric

pressure and pain. No delayed effects

studied.
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Table 2   Continued.

Study No. of

subjects

(RA only)

Duration Location Weather

variables

RA variables Remarks

Patberg

1989

1 5.5 years Groningen,

Netherlands

(marine climate)

tem,

vap

pain Subjective disease variable. Only 1

subject. Daily pain scoring. Long

study period. Positive correlation

between temperature, as well as

water vapour pressure, and pain.

Delayed effects.

Dequeker

et al. 1986

19 4 days to 5 weeks

(average 15.3

days; assessments

on 5 days a week)

Leuven,

Belgium

(indoors)

tem,

bar,

hum,

win,

sun

pain,

Ritchie Index

Subjective disease variables. Short

average study duration. All patients

stayed indoors (hospital). Lower

relative humidity, combined with

higher temperature and less

cloudiness, correlated with less pain.

No delayed effects studied.

Rasker et al.

1986

13 RA

12

controls

3 weeks (measure-

ments on 2 days

weekly)

Enschede,

Netherlands

(indoors)

tem,

bar,

hum

stiffness and

force of finger

joints

Objective disease variables. Short

study period. Measurements on only

6 days. Positive correlation between

stiffness and  relative humidity. No

delayed effects studied.

Patberg

et al. 1985

88 1 year Groningen,

Netherlands

(marine climate)

tem,

vap,

hum,

bar,

win, sun

pain Subjective disease variable. Many

patients. Long study period. Positive

correlation between temperature, as

well as water vapor pressure, and

pain. Delayed effects studied.

Hollander

et al. 1963

8 2 to 4 weeks controlled

climate

chamber

tem,

bar,

hum

pain,

Lansbury

Index

Subjective disease variables.

Experiments in controlled climate

chamber. Few subjects. Short study

period. Complaints increased during

combined increase of relative

humidity and decrease of barometric

pressure.

Edström

et al. 1948

18 100 days ward with

controlled

climate

temp,

hum

pain,

swelling

Stable temperature (32°C) and

relative humidity (35%) in ward.

Less swelling, less pain, better

walking and moving.

tem: temperature, hum: relative humidity, vap: water vapour pressure, bar: barometric pressure, sun: sunshine,
win: wind speed, pre: precipitation
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Table 3   Summary of correlations found by studies, as numbered.

Subjective RA variables Objective RA

variables

Weather

variables

Group

(see

text)

Correlation

General

symptom

severity

Joint pain Joint

swelling

Rigidity Morning

stiffness

duration

Ritchie

Articular

Index

ESR or

CRP

Finger

stiffness

A
positive

– 9, 11, 15, 16,

17

10, 17

B negative 20 12, 13, 14, 20 20

temperature

C none 2 5, 18, 19, 21 5, 10 10, 18 7 8

D

positive

20 9, 11, 12, 13,

14, 15, 17, 20,

21

20 13 17 8

negative –

humidity

E
none

2 5, 10, 16, 18,

19

5, 10 10, 18 10 10

– positive – 14, 16 16

negative – 21 21

barometric

pressure

none
2 5, 12, 13, 15,

18, 19

5, 10 13 10, 18 10, 12 10 8

– positive –

negative – 11 11

time

outdoors

none

Humidity

All studies, except one (Latman 1981) investigated effects of humidity
on RA variables (Tables 1, 2, and 3). Ten studies reported a positive
relationship (Group D) (Rasker et al. 1986, Patberg 1989, Patberg &
Rasker 2002, Dequeker & Wuestenraed 1986, Aikman 1997, Strusberg
et al. 2002, Patberg et al. 1985, Patberg 1997, Edström et al. 1948, Hol-
lander & Yeostros 1963), and none a negative relationship. In 6 studies
no relation with humidity was found (Group E) (Sibley 1985, Re-
delmeier & Tversky 1969, Van de Laar et al. 1991, Guedj & Weinberger
1990, Drane et al. 1997, Gorin et al. 1999).

Please check erratum on page 7.
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The studies by Patberg et al. (Patberg & Rasker 2002, Patberg et al.
1985), and Patberg (Patberg 1989, Patberg 1997) 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 relation-
ship between temperature and relative humidity (see Discussion for de-
tailed clarification of the relationship between temperature and humid-
ity). Therefore, it is not surprising that the 4 studies that found a nega-
tive relationship between temperature and RA variables (Group B) re-
ported a positive relation with relative humidity. These studies were all
done in rather dry environments: the inland cities of Cordoba, Argen-
tina (Strusberg et al. 2002), and Bendigo, Australia (Aikman 1997), in-
side a hospital in winter (Dequeker & Wuestenraed 1986), and in an
artificially maintained dry (and hot) climate (Edström et al. 1948).

The only study on objective measurement of joint stiffness in RA pa-
tients (Rasker et al. 1986) found a positive correlation with humidity
outside the hospital, 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 hospital (Dequeker &
Wuestenraed 1986), a positive correlation with outdoor relative humid-
ity 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 barometric pressure on
RA variables (Tables 1, 2, and 3). Two studies reported a positive rela-
tionship with pain (Strusberg et al. 2002, Guedj & Weinberger 1990),
and in another study, RA variables worsened when falling barometric
pressure was combined with an increase in relative humidity (Hollander
& Yeostros 1963). In a one-year study on 367 patients, Rentschler et al.
(1929) 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.
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Other weather variables (wind speed, precipitation, sunshine)

In addition to the weather variables above, several studies investigated
effects of wind speed (Sibley 1985, Van de Laar et al. 1991, Dequeker &
Wuestenraed 1986, Aikman 1997, Patberg et al. 1985, Drane et al. 1997),
precipitation (Sibley 1985, Aikman 1997, Guedj & Weinberger 1990,
Drane et al. 1997), and sunshine (Sibley 1985, Van de Laar et al. 1991,
Dequeker & Wuestenraed 1986, Patberg et al. 1985, Drane et al. 1997,
Gorin et al. 1999) on RA variables. One study (Dequeker & Wuesten-
raed 1986) 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 variable. In one study, this
complex weather variable was combined with sunshine in order to in-
vestigate correlation with the joint pain score (Dequeker & Wuestenraed
1986).

In 1963, Hollander observed an increase of RA complaints during com-
bined increase of relative humidity and falling barometric pressure
(Hollander & Yeostros 1963). These “weather” changes were generated
to act on subjects residing in a controlled climate chamber. Eight sub-
jects participated for 2 to 4 weeks in this study, which has never been
repeated. A more detailed discussion of the relationship between tem-
perature and humidity, and the influences of these variables on the mi-
croclimate close to the skin, is given below. We argue that a great deal
of the seemingly contradictory conclusions of different studies are actu-
ally 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 objective measures (Latman 1981, Rasker et al.
1986, Van de Laar et al. 1991, Patberg & Rasker 2002, Patberg 1997),
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
subjects (Rasker et al. 1986). In the other 4 studies, ESR and/or CRP
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were used as objective measures. In one study, however, only 3 deter-
minations were done on each participant (Van de Laar et al. 1991), and
in 2 other studies determinations were done at 2-week intervals during
years, but these comprised only one patient  with RA (Patberg & Rasker
2002, Patberg 1997). In the 9-year study on 2802 RA patients (Latman
1981), 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, espe-
cially 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,
investigators have to resort to subjective variables. Ideally, subjective
scoring methods should be standardized, but the reported studies ap-
plied considerably differing methods: self-reporting questionaires for
pain (Strusberg et al. 2002, Guedj & Weinberger 1990), or general symp-
toms (Sibley 1985), self-scoring of pain or duration of morning stiffness
with (Van de Laar et al. 1991, Dequeker & Wuestenraed 1986, Drane et
al. 1997, Gorin et al. 1999) or without (Patberg 1989, Patberg & Rasker
2002, Aikman 1997, Patberg et al. 1985, Patberg 1997, Drane et al. 1997)
visual analog scale (VAS), global examination by clinician (Edström et
al. 1948), or using VAS (Redelmeier & Tversky 1969, Van de Laar et al.
1991), Lansbury Index (Hollander & Yeostros 1963, Lansbury 1958), or
Ritchie Articular Index (Van de Laar et al. 1991, Dequeker & Wuesten-
raed 1986, Ritchie et al. 1968). Disease activity scoring methods that
correlate best with later disease outcome, like radiographic damage,
apply subjective as well as objective variables (van der Heijde et al. 1993,
Ward 1993, van Leeuwen et al. 1994). This fits in with the high correla-
tion between ESR and daily pain score found in a 3-year study on one
patient with RA (Patberg 1997).

In several studies, some of the participating patients had rheumatic con-
ditions different from RA (Sibley 1985, Aikman 1997, Strusberg et al.
2002, Guedj & Weinberger 1990, Edström et al. 1948, Hollander &
Yeostros 1963), 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).
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Exposure to weather

A factor that is likely to have masked the relationship between the out-
door weather and RA variables is the extent to which the patients were
actually exposed to it. Weather can only exert its influence as far as pa-
tients 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 sur-
round patients with RA will often be very different from the meteoro-
logically reported weather data that are normally used in these studies.
For example, outdoor frost will have little effect on patients staying in-
doors all day. In order to avoid erroneous results, Clarke and Nicholl
(1991) deliberately did not assess temperature, as each patient's home
environment would have differed. Studies to date scarcely took expo-
sure to the weather into account. In a recent study (Patberg & Rasker
2002) we showed that there is a relationship between the time spent
outdoors and variables of RA. Being outdoors for longer times turned
out to be beneficial in RA.

Study duration and variation in weather variables

Most studies were of too short duration to make use of the available
yearly variation of weather variables. For instance, in a study of a few
weeks, only a small part of the yearly temperature range can influence
the patients studied. Such a small variation in temperature may be insuf-
ficient 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 on 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 ob-
tained from all participants, and not by different subjects that participate
in overlapping 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 vari-
ables. For instance, interindividual variation of ESR in RA patients is
large (Wolfe & Michaud 1994) (roughly 0-100 mm/h) compared to the
reported changes in ESR due to temperature changes (Van de Laar et al.
1991, Patberg & Rasker 2002, Patberg 1997). Therefore, determinations
of RA variables of all participants in the study should be made on the
same days.
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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) (Patberg 1989, Patberg & Rasker 2002, Patberg et al. 1985, Pat-
berg 1997), significant effects of temperature and humidity on RA were
found. Thus, in future studies more attention should be paid to late ef-
fects on RA variables. This can be achieved by cross-correlation with
wide phase-shifts (weather preceding RA variables) as described (Pat-
berg 1989, Patberg et al. 1985, Patberg 1997). Such an analysis with
phase-shifts in opposite direction (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 chance ( Nyberg & Nyberg 1984).

The microclimate

Humidity of the air can influence the human body mainly by the respi-
ratory tract and the skin. We consider that effects on the lungs can be
excluded, since inspired air is brought to body temperature and is satu-
rated with water as it enters the trachea (Comroe 1965). 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 pre-
vented by each subsequent warm and water-saturated expiratory out-
flow. 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 sur-
face is saturated with water. At skin temperature, this gives rise to a lo-
cally high vapor pressure, even if no sweating occurs. Clothes will ham-
per the ventilation over the skin, keeping the vapor pressure elevated,
while airy clothing brings about the opposite effect. Therefore, the hu-
midity 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 bar-
riers, and the use of air conditioning on the microclimate will depend on
local circumstances. We compared the results of the 4 most comprehen-
sive studies, which were carried out in a marine climate (Groningen,
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The Netherlands (Patberg et al. 1985)), a dry climate (Bendigo, Australia
(Aikman 1997)), and a temperate climate (Cordoba, Argentina (Strus-
berg et al. 2002), and Sydney, Australia (Drane et al. 1997)). The dura-
tion 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 tem-
perature almost completely govern the absolute humidity (Figure 1A).
Except for some warm days in summer, barriers like clothes and hous-
ing will hamper the transfer of water vapor from the skin, which keeps
the vapor pressure of the microclimate elevated. Recent measurements
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 val-
ues plotted in Figure 1A. The decrease of these values illustrates the
gradual removal of barriers between the microclimate and the air out-
doors as the temperature increases.

In summary, the vapor pressure of the microclimate is positively corre-
lated with the outdoor temperature as well as vapor pressure. This
might explain the positive correlation between these two weather vari-
ables and RA pain found at Groningen (Patberg et al. 1985).

During the increase in temperature at Bendigo, the relative 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 Aikman (1997). 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 conditioning,
which are widely used in this part of the world in summer, will contrib-
ute 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 negatively corre-
lated with the outdoor temperature as well as vapor pressure. This
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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, and C: Cordoba, Argentina (filled circles), and Sydney, Australia (open circles).

In each loop, the yearly sequence from January to December is counter-clockwise, the gap

indicating December to January. Reference lines are shown for 50% and 100% relative

humidity.
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might explain the negative correlation of RA pain and rigidity with
temperature, as well as the positive correlation with relative humidity,
found in Bendigo (Aikman 1997).

For the summer situation in Cordoba and Sydney we expect that, al-
though the outdoor vapor pressure is high (Figure 1C), the microclimate
vapor pressure will be lower than in winter. After all, since people are
dressed lightly, 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 consideration is confirmed in the discussion of the Sydney report
(Drane et al. 1997): “… the majority of subjects may have used fans and
air conditioners in summer and heaters in winter”. Therefore, for Cor-
doba as well as Sydney, we expect the vapor pressure of the microcli-
mate to be negatively correlated with the outdoor temperature and vapor
pressure. This might explain the negative correlation between tempera-
ture and RA pain found at Cordoba.

The conclusion of Drane et al. (1997) (the Sydney study) that there is
only minimal association between weather and RA variables, contra-
dicts 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 evidence (Dequeker & Wuestenraed
1986, Patberg et al. 1985) 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 humid-
ity.

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 tem-
perature 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 additional air conditioning.
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The hypothesis that a low vapor pressure of the microclimate is benefi-
cial in RA is supported by the finding that being outdoors for longer
time lowers the pain score and ESR (Patberg & Rasker 2002). In par-
ticular, 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 inti-
mate relationship between temperature and humidity.

Future investigations

Future studies should be focused on experiments in which “weather”
variables can be manipulated and be well documented. Such manipula-
tions are limited to variation in daily exposure time to outdoor weather,
clothing, and measures taken to control indoor temperature and humid-
ity during daytime and during night rest. Although everyday life will not
allow a longterm rigid experimental setup and protocol, all variables
and circumstances should be monitored as precise as possible. To a
large extent, 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 Scores (Prevoo et al. 1995) should be applied.

In summary, temperature and humidity have influence on RA variables
like pain, stiffness, and ESR. There is little evidence for effects of other
weather variables. Although there were large differences in studies in
the number of patients, study duration, geographical location, etc., the
effects of temperature and humidity are 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 un-
derstandable that most people associate cold weather with high humid-
ity, 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 summer (Hawley et al. 2001).
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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 va-
por pressure, such as light clothing, indoor ventilation, and being out-
doors, are advisable for patients with RA.
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Sir,In 1985 a relation between the water vapour pressure/temperature
complex and the average daily pain score in 88 patients with rheuma-
toid arthritis (RA) was reported in the Journal of Rheumatology (Patberg et
al. 1985). Measuring pain is the major problem in this kind of study.
Pain can be scored only subjectively. Being a patient myself (male, 40
years old, classical RA since 1979, seropositive, no significant os-
teoarthritis or fibromyalgia) and living in the marine climate of the
Netherlands, I looked for weather effect on my RA pain, using a stan-
dardised scoring method.

Immediately after getting up I scored RA pain daily during a standard-
ised exercise programme of simple unloaded flexions, extensions, and
rotations. For 3 years pain was rated for twenty-one (groups of) joints in
the range of 0 (no pain) to 9 (very severe pain). 24 h averages of vapour
pressure and temperature were taken from the monthly reports of the
Royal Dutch Meteorological Institute for Groningen Airport, 3 km from
my home.

My findings are shown in the accompanying figure. In general RA pain
was greater in summer than in winter. The strong reduction in pain in
the second half of 1984 occurred after removal of two out of three night-
time barriers (pyjamas and closed bedroom windows, not blankets) for
water vapour between me and the outside air. The normal vapour pres-
sure in bed during the night is considered to be high. However, in this
period the outside air loses water due to condensation as the tempera-
ture decreases. The reduction in pain score, thus attained, masks the
relation shown in the figure: for 1984 the correlation coefficient is only
0.45. A comparable relation was found between RA pain score and the
air temperature. Temperature and vapour pressure are strongly interre-
lated in a marine climate, so it is difficult to separate the two effects. A
5-day stay in a controlled climate chamber at a vapour pressure of 5
mbar (500 Pa) in September 1985, lowered the RA pain score. This in-
dicates that it is the low vapour pressure that decreases the pain score
since the temperature was a constant 23 °C.

Apart from the relation with the meteorologically measured vapour
pressure this study shows that the daily RA pain score is reduced by
measures taken to decrease the vapour pressure of the directly sur-
rounding air.
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Figure Relation between monthly mean RA pain score and vapour pressure in 1983 (), 1984

(), and 1985 (). Correlation coefficients: 0.85 in 1983 and 0.83 in 1985 (p<0.01).

These data were presented as a poster at the 11th Congress of Rheumatology (Athens,

June 27 to July 4, 1987) (Clin Exp Rheumatol 1987; 5: [suppl 2]: 96 abstr).
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To the Editor:

In studying the possible effects of weather on pain in rheumatoid arthri-
tis (RA), the problem arises that pain cannot be measured. It can only
be scored subjectively by the RA patients themselves, as has been done
in several studies (Dequeker & Wuestenraed 1986, Patberg et al. 1985,
Sibley 1985). Since January 1983, I have been quantifying the RA pain
of myself, a 42-year-old man, with classic, seropositive RA, defined ac-
cording to the criteria of the American Rheumatism Association (Ropes
et al. 1958), who underwent joint surgery in 1985, 1986, and 1988 (Fig-
ure 1). In order to increase the reliability of my pain score, the scoring
method was standardized in 3 specific ways. First, scoring was done in
the morning, immediately after arising. Second, because joint pain de-
pends strongly upon the positioning and movements of the joints, the
pain score was determined during the execution of a standardized exer-
cise program. Third, pain was scored for each separate joint or group of
joints (e.g., right hand) on a scale of 0-9, where 0 = no pain and 9 = very
severe pain. From January 1983 through June 1988, 21 RA pain scores
were collected daily for the hands, wrists, elbows, shoulders, jaw, hips,
knees, ankles, feet, and the neck, back, and costosternal joints.

During scoring, I was not aware of the weather parameters. The 24-
hour means of temperature and vapor pressure were taken from the
monthly reports (KNMI 1983-1988) of a local weather station (Gronin-
gen Airport, Groningen, The Netherlands) located 3 km from my home.
For time spent abroad, data from the local weather station were substi-
tuted.

Each day, the scores of all joints were combined to give a single score,
henceforth called the pain score. Figure 1 shows that the pain score is
generally low in winter, when the temperature and the vapor pressure
are low. A significant positive correlation was found between the pain
score and temperature or vapor pressure (r > 0.19, P < 0.005). The value
of the correlation coefficients increased when the pain score curve and
the weather curve were shifted in time in relation to each other (weather
preceding the pain score). Maximum correlation for the relationship
between pain score and temperature was found at a time shift of 30 days
(r = 0.23, P < 0.005) and that between pain score and vapor pressure at
a time shift of 9 days (r = 0.21, P < 0.005). When time shifts were made
in the opposite direction (pain score preceding the weather), the correla-
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Figure 1 Plot of the daily rheumatoid arthritis (RA) pain score, vapor pressure, and temperature

during the 51/2 -year study period. The window and pajamas bars indicate when bedroom

windows were closed overnight and when pajamas were worn. NSAID = the daily dosage

of the nonsteroidal antiinflammatory drug indomethacin (bar height increment = 25 mg).

(continued on facing page)

tion decreased. These results indicate a delayed effect of the weather on
the pain score, rather than a forecasting potency of the pain score with
respect to the weather.

In addition to the weather, the specific microclimate directly surround-
ing the patient can affect RA pain. The temperature and humidity of the
microclimate will be affected by the weather, but also by the presence of
barriers to the transfer of heat and water vapor between the body and
the outside air, such as clothing, housing, and vehicles. At night, such
barriers separate the warm, humid air close to the skin from the outside
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57(continuation of facing page) Black circles depict the erythrocyte sedimentation rate (ESR;

mm/hour). Horizontal bars indicate time spent abroad. Syringes indicate the puncturing

of the left or right elbow combined with injection of a corticosteroid (triamcinolone hexa-

cetonide, 10 mg). * = monthly mean of weather curve values. During the relatively warm,

humid winter of 1987-1988, the pain score did not decrease.

air, which loses water due to condensation as the temprature decreases.
In 1984, after the removal of 2 of these nocturnal barriers (pajamas and
closed bedroom windows, but not blankets), the pain score gradually fell
to a much lower level and remained at this level during the subsequent
years (Figure 1). This improvement which is also expressed by a reduc-
tion in indomethacin intake, suggests that dry air, and not warm air,
diminishes the severity of the symptoms of RA. This is supported by the
finding that stiffness in the fingers of RA patients diminishes in dry
weather (Rasker et al. 1986).
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Clinical interventions are both necessary and frequent in RA, but they
can hamper the search for any correlation between pain score and
weather. This is illustrated by the effect of injection of corticosteriods
into an actively involved joint: A strong, but temporary (several weeks),
weather-independent reduction of the pain score is observed (Figure 1).

These results show a relationship between the temperature/vapor pres-
sure complex and pain score, but how common is such a relationship in
other RA patients? Three considerations are important with respect to
this question. First, I did not feel “weather sensitive” until I started to
score my pain as previously described. Therefore, if patients state that
they are not weather sensitive, this does not necessarily mean that the
weather has no effect on their disease symptoms. In addition, a study of
88 patients (Patberg et al. 1985) showed that I am not the only RA pa-
tient whose daily pain score correlates significantly with temperature
and humidity. Finally, after the publication of a preliminary report of
the present study (Patberg 1987), many RA patients informed me that
they had experiences similar to those I had reported.

The results of this study, along with the considerations mentioned
above, justify additional research on a larger scale. If the effects found
on myself turn out to be more or less widespread, manipulation of the
microclimate might become a valuable addition to the treatment of RA.
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Abstract

Suffering from rheumatoid arthritis (RA) myself I quantified my joint pain daily during

more than five successive years using a highly standardized scoring method. Immediately

after getting up I scored my pain in twenty-one (groups of) joints during standardized

exercises. The pain score turned out to be positively correlated with the air temperature as

well as with the water vapour pressure (P < 0.005). Especially, stays in the cool and dry

climate at elevated altitude had an alleviating effect on my RA symptoms. Moreover, the

pain score was strongly reduced and remained so after taking some simple measures to

lower the humidity of the microclimate during the night.
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Introduction

Many patients suffering from rheumatoid arthritis (RA) state that
weather influences the symptoms of their disease. In attempting to in-
vestigate the validity of such a statement the problem arises that the
symptoms of RA cannot be measured with ease. This applies especially
for the symptom pain. Weather variables are measured routinely and
these data can be obtained from meteorological reports but pain cannot
be measured. It can only be scored subjectively by the RA patients
themselves as is done in several studies (Sibley 1985, Patberg et al. 1985,
Dequeker & Wuestenraed 1986). Since January 1983 I am quantifying
my own RA pain daily using a highly standardized scoring method.

Any influence of the weather will be more clearly demonstrated when
the parameters under study are varied over a wide range. This can be
done artificially using a controlled climate chamber (Hollander &
Yeostros 1963). However, the disadvantage of this method is the dis-
comfort for the patients, and it is possible that the disease symptoms
become affected by non-weather factors as psychological stress. A wide
range variation of weather parameters can also be achieved in a natural
way. This means that the study should include at least one summer and
one winter. In the studies by Sibley (1985) and Dequeker & Wuesten-
raed (1986), in which RA pain was scored during about one month, no
relationship between the RA pain and a weather parameter was found.
This may be due to the fact that during such a period the weather vari-
ables change within only a narrow portion of the yearly range. The pre-
sent study extends over five and a half successive years (January, 1983
till June, 1988). A preliminary report of the results has been published
elsewhere (Patberg 1987).

Materials and methods

Patient

This study comprises the daily determined RA pain scores of myself, a
42-year-old man (1988), with classic, seropositive RA since 1979, as
defined according to the criteria of the American Rheumatism Associa-
tion (Ropes et al. 1958), living in the northern part of The Netherlands
near Groningen. During this study I used indomethacin as non-steroidal
anti-inflammatory drug (NSAID) in a dosage as given in Fig. 1. Local
injection of corticosteroids (10 mg Lederspan®) into a joint (elbows
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only) is also indicated in this figure. Four joints were synovectomized in
the course of this study: left wrist (and resection of head of ulna), both
elbows (and resection of head of radius) and right shoulder (and hemi-
arthroplasty) (see Fig. 1).

RA pain scoring

In the morning, immediately after getting up, I determined my RA pain
score during the execution of a standardized exercise program. The ex-

Figure 1a (continued in Fig. 1b). Plot of the daily rheumatoid arthritis (RA) pain score, vapour

pressure, and temperature during the 51/2 -year study period. The window and pajamas

bars indicate when bedroom windows were closed overnight and when pajamas were

worn. NSAID = the daily dosage of the nonsteroidal antiinflammatory drug indomethacin

(bar height increment = 25 mg). Black circles depict the erythrocyte sedimentation rate

(ESR; mm/hour). Horizontal bars indicate time spent abroad. Syringes indicate the punc-

turing of the left or right elbow combined with injection of a corticosteroid (triamcinolone

hexacetonide, 10 mg). * = monthly mean of weather curve values. During the relatively

warm, humid winter of 1987-1988, the pain score did not decrease.
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ercises consisted of simple unloaded flexions, extensions and rotations.
The pain in a separate joint (e.g. left elbow) or group of joints (e.g. right
foot) was judged in the range of 0 (no pain) to 9 (very severe pain) while
exercising that particular (group of) joint(s). The exercise program took
about eight minutes. Thus from January 1983 till June 1988 21 RA pain
scores were collected daily for the left and right hand, wrist, elbow,
shoulder, jaw, hip, knee, ankle, foot and for the neck, back and costo-
sternal joints. Hence, the maximum of the daily pain score was 21 x 9.

Figure 1b (Continuation of Fig. 1a).

Weather data

The 24-hour means of temperature and water vapour pressure were
taken from the monthly reports of the Koninklijk Nederlands Meteoro-
logisch Instituut (KNMI) (1983 - 1988) for the location Eelde (Gronin-
gen Airport), 3 km from my home. For the periods that I stayed abroad,
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these data were substituted with those of the local weather station. The
foreign weather data were taken from the official reports available at the
library of the KNMI. If 24-hour means were not available the monthly
mean values were used (marked with asterisks in Fig. 1).

Results

Relation between pain score and temperature/vapour pressure

For each day the pain scores of all joints were summed to one single
score, which will henceforth be called "pain score". Figure 1 shows its
course during two thousand successive days along with the corre-
sponding 24-hour means of temperature and water vapour pressure.
There are only a few interruptions in the trace of the pain score. In addi-
tion to the day-to-day variation, which is common in RA, the figure
shows that the pain score is in general low in winter when temperature
and vapour pressure are low. Note that during the relatively warm and
humid winter of 1987/1988 the pain score did not decrease. A signifi-
cant positive correlation was found between the pain score and each of
the two mentioned weather variables (R > 0.19; P < 0.005). The value
of the correlation coefficient increases when the pain score curve and
the weather curve are shifted in time in relation to each other (weather

Figure 2 Plot of correlation coefficient for the relation between the daily RA pain score and the

temperature (dotted line) as well as the vapour pressure (solid line). The pain curve and

weather curve were time-shifted from -180 to +180 days. Number of data pairs: 1768 (at

time shift 0) to 1589 (at time shift 180).
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preceding the pain score). Maximum correlation between pain score
and temperature was found at a time shift of 30 days (R = 0.23; P <
0.005). The correlation with vapour pressure reached a maximum at a
time shift of 9 days (R = 0.21; P < 0.005) (see Fig. 2). When the time
shift is made in the opposite direction (pain score preceding the
weather) the correlation immediately decreases. This indicates that there
is a (delayed) effect of temperature and vapour pressure on the pain
score, rather than a forecasting potency of the pain score with respect to
the weather.

Stays abroad

The normal annual rhythm of the weather that surrounded me was dis-
turbed several times during traveling abroad, particularly to places at
high altitude. With increasing altitude temperature and vapour pressure
decrease. Except for 1985, I yearly went to Badgastein in Austria (1100
m) for a cure for RA patients (see Fig. 1). During these 3-week cures the
pain score markedly decreased and the need for indomethacin dimin-
ished. Even after returning home the alleviating effect of the cure con-
tinued for many weeks. The cure of 1987, however, had little effect.
Several factors, such as relaxing, balneotherapy and climate, might be
responsible for this positive effect. During the cure of 1988 I attempted
to separate the possible effect of the balneotherapy from that of the cli-
mate, by taking part in the cure except for the traditional therapy. Actu-
ally, I behaved as the only tourist in the group exposing himself as much
as possible to the influences of the weather (open windows overnight).
Again, this cure had a long lasting diminishing effect on my pain score
(see Fig. 1).

In contrast to the cures in Austria the pain score increased during the
holidays abroad in the summers of 1984, 1985 and 1986. In these peri-
ods the average temperature and vapour pressure was high (Fig. 1).
However, the holidays in 1987 in the dry climate at Pontresina (1900 m)
in Switzerland were comparable with the cures in Austria: the pain
score as well as the use of indomethacin decreased during and after the
stay at elevated altitude.

Effect of changing the microclimate

Patberg et al. (1985) reported a significant positive correlation between
the average daily pain score of 88 RA patients and the temperature as
well as the vapour pressure of the outside air. Keeping this result in



C
hapter 5   T

em
perature, hum

idity, and pain score in R
A

   68

mind and finding the same relation for my own pain score, I tried, in the
summer of 1984, to lower the 24-hour means of vapour pressure and
temperature of the air that directly surrounded me. I considered the
night in bed to be most unfavourable. The temperature in bed is rather
high (30 °C or more) and even if no sweating occurs, the perspiratio
insensibilis will moisten the air between the skin and the pyjamas. In
contrast to this, the air outside looses water during the night due to con-
densation as the temperature decreases. However, the barriers to heat
and vapour pressure that exist between the skin and the outside air will
keep the air that is close to the skin moist and warm. Therefore, I re-
moved two of these barriers (pyjamas and closed bedroom windows; not
the blankets). Figure 1 shows the subsequent decrease of my pain score
and the increase when the barriers were replaced July/August 1984).
Since the beginning of September 1984 1 always sleep without pyjamas
and with open bedroom windows. Within four months after taking
these simple measures, the pain score gradually fell to a much lower
level and remained so during the following years of the study. The im-
provement is also expressed by the reduction in indomethacin intake.
Complete cessation of the use of this drug made my pain score rise
again (see December 1984 in Fig. 1).

Effect of clinical interventions

Clinical interventions are both necessary and frequent in RA. They can
have very positive effects on the symptoms of the disease and therefore
hamper the search for any correlation between pain score and weather.
This is illustrated in Fig. 1: puncturing of an "active" elbow combined
with injection of corticosteroids (10 mg Lederspan®) always resulted in a
strong but temporary (several weeks) reduction of the pain score (see
syringe symbols in Fig. 1). This reduction was independent of the
weather.

Effects on erythrocyte sedimentation rate

The ESR, which is a clinical indication for the severity of inflammatory
processes in the body, was determined on 19 occasions during the study.
Although the number of measurements is small, Fig. 1 shows that the
ESR-values higher than 10 were obtained only in periods with high or
increasing pain scores. ESR-values below 10 were found in periods with
decreasing pain score and during the last two and a half years when
pain scores were low.
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Controlled climate chamber experiment

The correlation coefficient for the relation between the pain score and
the temperature is almost equal to that for the relation with the vapour
pressure (see Fig. 2). This is due to the fact that in a marine climate
temperature and vapour pressure are strongly interrelated (see Fig. 4 in
Patberg et al. 1985). In order to separate the influences of temperature
and vapour pressure I remained in a controlled climate chamber for 120
hrs (September 1985). The water vapour pressure was kept low (5 mbar)
and the temperature fairly high (23 °C). Although 19 and 12 days before
the start of this experiment a joint was punctured and treated with corti-
costeroids, Fig. 1 suggests that the pain further diminished during the
stay in the controlled climate chamber. After leaving the chamber the
pain score increased again.

Discussion

The major problem in this study is the fact that pain cannot be meas-
ured but only quantified by subjective scoring. In order to increase the
reliability of the pain score, I standardized the scoring method as much
as possible. Because the periods of nocturnal sleep are much more com-
parable than the day times with varying activities and humours, I
judged my RA pain in the morning directly after getting up. Further, the
joint pain in RA strongly depends upon the positioning and movements
of the joints. In order to eliminate such influences I always scored my
pain during the execution of a standardized exercise program. Finally,
scoring of the pain in each (group of) joint(s) separately has the advan-
tage that one very painful joint will not "overrule" all other (painless)
joints. Scoring for the body as a whole might judge such a condition
with a maximal pain score.

During pain scoring I was not aware of the values of the weather pa-
rameters. I did not read a thermometer or hygrometer before scoring
and the monthly weather reports were available only after a delay of
about two months.

The strong positive correlation between the weather and my pain score
is in accordance with earlier results obtained by Patberg et al. (1985)
from 88 RA patients living in the same area. It is obvious that without
disturbing factors as e.g. the (necessary) clinical interventions, the cor-
relation coefficients would even have been higher.
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The weather during the cures in Austria (low temperature and humid-
ity) was "in phase" with the weather in The Netherlands in 1983 and
1984 (in autumn: decreasing temperature and humidity) but "out of
phase" with the Dutch weather in 1986 till 1988 (in spring: increasing
temperature and humidity) (see Fig. 1). This may explain the differences
in the yearly course of the pain score. For 1983 and 1984 I consider the
cures in Austria to have enhanced the positive effect of falling tempera-
ture and humidity in autumn. The cures of 1986 till 1988 halted the in-
crease in the pain score, which started in February of those years. In
1986 and 1988 the increase was even turned into a decrease. A similar
effect was observed during and after the period with low humidity at
Pontresina while in that period the air in The Netherlands was quite
humid.

The positive result of the stay in Badgastein in 1988 (without therapy)
suggests that the local weather contributes more to the alleviation of my
RA symptoms than the balneotherapy. Since this therapy is mostly
given in warm and damp environments, I am inclined to conclude that
in spite of the balneotherapy a 3-week cure at elevated altitude alleviates
the complaints of RA patients. Again, the result of the stay at Pontres-
ina supports this view.

Beside the weather at elevated altitude there are of course other influ-
ences that might affect the symptoms of my RA. Each year I enjoyed
the RA cure and I can imagine that the relaxing in Badgastein is also a
contribution to "feeling better".

Recently, Horrobin (1987) reported that, along with some other dis-
eases, RA is rare in Eskimos. He suggested that this could be due to the
high dietary intake of eicosapentaenoic acid from fish and marine
mammals. However, in addition to this, the low prevalence of RA com-
plaints among Eskimos might be attributed to what is stressed in the
present paper: the cold and dry climate they live in.

The positive effect of my 5-day stay in a controlled climate chamber is
in accordance with the results found by Hollander & Yeostros (1963).
The figures in their paper show that the joint complaints of 6 out of 7
RA patients diminished during a 5-day stay in a controlled climate
chamber at 24.5 °C and 30% relative humidity (vapour pressure: 9
mbar). These results indicate that it is the low vapour pressure that af-
fects the pain score. Hollander & Yeostros (1963) concluded from their
results that the combination of rising humidity and falling barometric
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pressure had a detrimental effect on the RA symptoms. However, most
of the effects shown in their figures can also be explained by the changes
in humidity only. Rasker et al. (1986) showed that another symptom of
RA - stiffness of the fingers - increases with humidity.

Not the outside meteorological conditions but the microclimate, directly
surrounding the patient, exerts its influence on the body. The tempera-
ture and humidity of the microclimate will be affected by at least two
factors: the weather and the presence of barriers to the transfer of heat
and water vapour between the body and the outside air, such as cloth-
ing, housing and vehicles. The strong decrease of the pain score after
removal of two of such barriers during the night (September 1984) sup-
ports my hypothesis that dry, not warm air diminishes the severity of
the symptoms of RA. This decrease in the pain score started a few
weeks before the beginning of the cure in Austria and the temporary
increase in October 1984 is likely to be attributed to the reduction of the
indomethacin dosage.

The above-mentioned simple measures had clear effects on my pain
score but how common is the relation between pain and the microcli-
mate in RA patients? Three considerations are important in relation to
this question. Firstly, I did not feel weather-sensitive until I started to
score my pain as described above. My unconscious weather-sensitivity
emerged from the data analysis. So if patients state that they are not
weather-sensitive, this does not necessarily mean that weather has no
effect on their disease symptoms. May be all RA patients are (conscious
or not) weather-sensitive. Secondly, the study of Patberg et al. (1985)
showed that I am not the only RA patient whose daily pain score cor-
relates significantly with temperature and humidity. Thirdly, after the
publication of a preliminary report of the present study (Patberg 1987)
and subsequent articles in the press, many RA patients have informed
me that they had experiences similar to those I had reported.

The results of this study along with the above-mentioned considerations
justify additional research on a larger scale. If the effects found on my-
self turn out to be more or less widespread, manipulation of the micro-
climate might become a valuable addition to the treatment of RA.
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Abstract

Reports indicate that weather conditions may affect some symptoms of rheumatoid arthri-

tis (RA) but not the disease itself. Eighty-eight patients living in the marine climate of the

Dutch coastal provinces scored their pain symptoms daily during a full year. Correlation

analyses of monthly patient averaged pain scores against each of 6 weather factors indi-

cated that RA pain associates positively and quite significantly (p < 0.01) with tempera-

ture and with vapour pressure, negatively and significantly (p < 0.02) with relative hu-

midity and not with any of the other factors. The fact that the relation between the tem-

perature/vapour pressure complex and RA pain is stronger in summer than in winter is

discussed.
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Introduction

The severity of pain from inflamed joints in rheumatoid arthritis (RA)
shows irregular variations over time. Although early morning pain is
common in RA, the level of pain changes unpredictably throughout a
day, week, month and year. Patients often state that pain is worse under
certain weather conditions, viz. at low temperatures and high humidity.
However, reports on the relation between RA pain and meteorological
factors are scarce (Bennett & Burch 1968, Hill 1966, Hollander &
Yeostros 1963, Johansson & Sullivan 1975, Kyrge et al. 1971, Latman
1980, Latman 1981, Lawrence 1969, Peterson 1936, Rentschler et al.
1929, Rose 1974), possibly due to the fact that pain is difficult to quan-
tify. From the study of Hollander & Yeostros (1963) who used a con-
trolled climate chamber, it appeared that the combination of rising hu-
midity and falling barometric pressure had a detrimental effect on ar-
thritic symptoms and signs. The general conclusion that arises from lit-
erature is well characterized by Latman (1980) who states that season
and climate may affect some of the symptoms of RA, but not the disease
itself.

Materials and Methods

One hundred patients with RA were selected randomly from the outpa-
tients of the Department of Rheumatology, University Hospital of
Groningen. They were given diaries and requested to grade their RA
pain every 24 h during a full year (1981). All patients lived in the north-
ern area of the Netherlands, within 60 km from Groningen. No ques-
tions on weather sensitivity were asked and the patients were innocent
of the purpose of the trial. They were told that we were interested in the
natural fluctuations of their disease. Our study comprises only the 88
patients who completed their diaries: 43 males and 45 females, ranging
in age from 30-68 years. All these patients had classical RA according to
the criteria of the American Rheumatism Association. Their disease
duration ranged from 5-30 years (mean: 15 years) and 90% of them were
seropositive (SCAT and/or latex fixation +). Their disease was mildly
active with a more or less steady state: stages II and III of the Landsbury
index in the ratio of 3:2. The patients showed no significant osteoarthri-
tis of fibromyalgia.
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Figure 1 Plots of patient averaged daily pain scores against mean temperature (A) and vapour

pressure (B) for each day in 1981. Each dot represents the average pain score of one day

plotted against the mean temperature or vapour pressure of the same day. Correlation

coefficients: 0.49 in A and B.

Scoring was done in the evening, after dinner, in answer to the question
"How was your RA pain today?" as follows: no (1), little (2), moderate
(3), severe (4) or very severe (5) pain. The influences of 6 meteorological
factors were considered: the 24-h means of solar irradiation; tempera-
ture; (actual) vapour pressure; relative humidity; atmospheric pressure;
and wind speed. Meteorological data were taken from reports of the
Royal Dutch Meteorological Institute (KNMI 1981) for the Groningen
Airport, which is roughly in the centre of the area where the participat-
ing patients lived, viz. about 10,000 km2.

Results

The average of the pain scores of all patients was calculated for each day
of the year. It varied from 2.5-3.5 and was on the whole high in summer
and low in winter. This daily patient averaged RA pain score was plot-
ted against the 24 h means of each of the 6 meteorological factors. In
Figure 1, 2 of these plots are shown for temperature (A) and vapour
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pressure (B). Weather factors might have a delayed influence on pain.
There is also a possibility that certain changes in the weather might be
preceded by a change in the pain level, although in contrast to a recent
study of Nyberg and Nyberg (1984) on weather forecasting by RA pa-
tients. To investigate these delayed influences, the Pearson coefficient of
correlation was calculated not only for the daily patient averaged pain
scores against each weather factor on the same day (Figure 1), but also
for these scores against the weather on the next day (phase shift: 1 day)
or the previous day (phase shift: -1 day). This was repeated for phase
shifts from -180 to 180 days, resulting in "correlograms"∗, 3 of which are

shown in Figure 2. The curves for RA pain and temperature, vapour
pressure or solar irradiation have broad maxima with solar irradiation
leading by roughly a month. Thus, we conclude that RA pain follows
the slowly changing temperature/vapour pressure complex closely. So-
lar irradiation is considered to lead the temperature and vapour pressure
for geophysical reasons. The correlograms of RA pain with relative hu-
midity, atmospheric pressure or wind speed are noisy and show no clear
maxima at any phase shift.

We found an association between absolute values of RA pain score and
certain weather factors. Thus it is possible that an even stronger associa-
tion might exist between day-to-day changes of RA pain and the con-
comitant changes of some weather factor, which could be more sensitive
to delay. However, for delays between -10 and 10 days, we found no
appreciable correlation with any weather factor. This remained true if
changes in pain score were taken over an episode of 2 or 3 days instead
of a single day. To further assess seasonal variations, monthly averages
of patient averaged RA pain score were plotted against temperature (A)
and vapour pressure (B) (Figure 3) and numbered 1 through 12 for
January through December. High pain scores were associated with high
temperature and high vapour pressure. The positive correlation between
the monthly patient averaged RA pain score and each of these 2
weather factors was highly significant (p < 0.01). The coefficients of
correlation for this monthly RA pain score against temperature (0.84)
and vapour pressure (0.82) were higher than those mentioned in the
legend of Figure 1. This is due to elimination of non-correlated high
frequency components from the data by the procedure of grouping into
monthly classes.

                                                
∗ This process is currently known as cross correlation.
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Figure 2 Correlograms of patient averaged 24 h RA pain score and solar irradiation (dashed line),

temperature (dotted line), and vapour pressure (solid line). The correlation coefficients

mentioned in the legend of Figure 1 can be read from the temperature and vapour pressure

curves at zero phase shift.

The two correlation coefficients in Figure 3 are nearly equal and the
positions of points relative to the regression lines are comparable. This
was brought about by the fact that in a marine climate temperature and
vapour pressure are strongly interrelated (Figure 4). The monthly aver-
ages of RA pain score and relative humidity correlated negatively (p <
0.02). This is not surprising since in summer (monthly averaged tem-
perature: 13.4 to 16.2 ºC) when the monthly averaged RA pain score
was high (3.07 to 3.20), relative humidity is on the average lower than
in winter (monthly averaged temperature: -2.5 to 8.1ºC) when the
monthly averaged RA pain score was low (2.78 to 3.05) (Figure 4). Note
that in a marine climate, although in summer relative humidity is lower,
the air then contains more water vapour than the saturated cold air of
winter. There was no significant correlation between the monthly aver-
ages of RA pain score and atmospheric pressure or wind speed.
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Discussion

We compared the relationship between RA pain and 6 meteorological
factors. However, in addition to the problems of measuring pain, which
can only be done by completely subjective scoring, it is difficult to sub-
mit RA patients to desired weather conditions without their knowledge.
An important study, performed in a controlled climate chamber, was
reported in 1963 by Hollander & Yeostros (1963). Their "weather" in a
climate chamber was controlled precisely and imperceptibly for all par-
ticipating subjects, but only a small group was studied during a short
period of time. Our study was the opposite: only weather conditions,
naturally occurring during the year were "applied" but the number of
patients was large and they responded daily during a long period of
time. A disadvantage of this method is that patients were not blinded to
meteorological factors, although they were not informed that weather
effects on their disease was the objective of the study. On the other
hand, our patients were not exposed to possible psychological stress as
in a climate chamber, since they all lived under normal circumstances.
Their large number may have caused averaging out of differences be-
tween individuals, putting forward the common influence on the sever-
ity of their RA pain. For these reasons it is difficult to compare the re-
sults of Hollander and Yeostros with ours. We are in agreement that RA
symptoms worsen after an increase of humidity.

Figure 3 Plots of monthly averages of RA pain scores against temperature (A) and vapour pressure

(B). Numbers 1 through 12 indicate January through December 1981. -----: linear regres-

sion lines. Correlation coefficients: 0.84 (A) and 0.82 (B). SEM lie within circles.
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Figure 4 Plot of 24-h mean vapour pressure against temperature in 1981 at Groningen Airport, The

Netherlands. Note that relative humidity (RH) is hardly ever below 70%.

Meteorological factors exert their influences on the body, if at all,
mainly in summer and far less in winter, when a great deal of daily life
is spent in the artificial climates of homes, factories, cars, offices, etc.
The atmospheric pressure in these artificial climates does not differ
much from that outside, but for the other 5 weather factors mentioned,
considerable differences exist. In summer the outside climate strongly
influences the real "surrounding climate". In winter the surrounding
average temperature is much higher than the average outside tempera-
ture. So, if in Figure 3A the RA pain were plotted against the sur-
rounding temperature, the points for the cold months would move to
the right. The size of this shift would depend on the housing and way of
life of the patients studied: that is on the varying and unknown ratio of
exposure to the "outdoor" and "indoor" climate. Similarly for Figure 3B:
calculation of the actual indoor vapour pressure from room temperature
and relative humidity shows that in winter indoor vapour pressure is in
general considerably higher than outdoors. This is due to the relatively
high room temperature, water evaporation from bathing, cooking, respi-
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ration, plants, etc. and poor ventilation. In short, the right halves of the
plots in Figure 3 illustrate the association between RA pain and sur-
rounding temperature or vapour pressure more realistically than the left
halves. In spite of the uncertainties, these correlations are significant.
Future studies in which true surrounding climate is measured instead of
meteorological climate, may show this even more clearly.

Confounding factors that may accompany changes in vapour pressure
and temperature, e.g., stress and viral infections, cannot yet be ex-
cluded, which makes it difficult to speculate on any underlying mecha-
nism. Low vapour pressure, which in a marine climate occurs mainly at
low temperatures, is likely to be more important than low temperature,
since cold is generally experienced as detrimental to RA patients.
Moreover, the temperature of the surrounding climate will not vary as
much as shown in Figure 3A, due to appropriate clothing, housing,
heating, etc. So, a correlation between RA pain and true surrounding
temperature seems unlikely. Similar reasoning, however, is not applica-
ble for Figure 3B. Although in winter, indoor vapour pressure is in gen-
eral higher than outdoors (see above), the vapour pressure of the sur-
rounding climate follows the meteorological vapour pressure to a large
extent and is in winter considerably lower than in summer.

If it is low vapour pressure that has an alleviating effect on RA symp-
toms, the most obvious conclusion is that of a relation with improved
fluid evaporation from the body, whatever the deeper implications may
be. The crucial finding in our study is that a surrounding climate of
fairly low vapour pressure (but not at the expense of proper heating or
by draught) is associated with lower pain scores in RA.
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To the Editor:

The widespread opinion of patients with rheumatoid arthritis (RA) that
weather influences their complaints has remained scientifically elusive
(Aikman 1997, Drane et al. 1997, Latman 1981, Patberg et al. 1985, Pat-
berg 1989, Rasker et al. 1986, Van de Laar et al. 1991). A factor that
might have masked the relationship between RA variables and the
weather is the extent to which the patients studied were actually ex-
posed to it. For example, outdoor frost will have little effect on patients
staying indoors all day.

One of the authors (WRP), a 54-year-old man, nonsmoker, has had
rheumatoid factor positive RA since 1979 (revised American College of
Rheumatology criteria (Arnett et al. 1988)). Over a period of 4 years, he
daily quantified his joint pain (n = 848 days) as described (Patberg 1989)
(trace 3 in Figure 1), and the time he spent outdoors (n=1200 days)
(Figure 1, trace 2). The erythrocyte sedimentation rate (ESR) was de-
termined regularly (n=107) (Figure 1, bottom trace). During the study,
medication was stable.

During all periods in which about 3 hours were spent outdoors daily
(shaded in Figure 1) and with a relatively low outdoor temperature (top
trace), the pain score as well as the ESR decreased, or remained at a low
level (B, D, H, begin and end J, and L in Figure 1). At high outdoor
temperatures the pain score and the ESR increased slightly (F and J).
During the remaining periods (mostly < 3 hours outdoors), the RA vari-
ables in general varied with outdoor temperature, but periods in which
he was only briefly outdoors (< 1 hour daily) were associated with an
increase in pain score and ESR (second half of period G, in the last
quarter of period I, and in period K).

Joint surgery ("JS" in Figure 1) that was carried out during the study
hardly influenced the RA variables since none of the joints involved was
severely inflamed and the main indication for surgery was deformity
and not pain.

The delayed effect on pain score of time spent outdoors is shown in
Figure 2 as the average change in pain score for 30 days following all
days that satisfied a certain criterion — as described in A, B, C and D.
The difference between the curves is the number of successive days that
met the criterion (1 to 20), as indicated by the length of the first part of
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Figure 1 Plot of 24 h mean outdoor temperature, time outdoors per 24 hours, daily joint pain score,

and ESR. Periods during which the daily time outdoors was about 3 hours are shaded.

Broken lines (JS) indicate days on which joint surgery was carried out.

the curve (bold line). For example, the bottom line in Figure 2D shows
the course of the average change in pain score during (bold line) and
after (regular line) 20 successive days with outdoor temperature < 6 °C
and time outdoors ≥ 2 hours. The change in pain score was always cal-
culated with respect to the pain score on the first of the successive days
that met the criteria.
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Figure 2 Average change in pain score following one or more successive days (up to 20) meeting

four different criteria (A to D) of daily outdoor temperature and time outdoors (1995-

1998). Limited data restricted the analysis to responses following maximally 6 and 17

successive criterion days in A, and C, respectively. Curves were truncated when less than

3 pain scores contributed to the average (A). Number of data of the averages plotted varies

considerably: 3-55 (A), 95-435 (B), 3-74 (C), and 11-160 (D). Differences from zero were

tested for significance with Student t test. In A, significant values are indicated with aster-

isks. In B, significant values occurred beyond Day 4 and before Day 26 (on Days 9

through 13, and Day 16, all values were significant). In C, most values beyond Day 12

were significant. In D, all values beyond Day 2 were significant.
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Being outdoors briefly on warmer (≥6°C) days, increased the pain score
as long as the criterion was satisfied (A). Thereafter, the curves level off,
which is likely due to the contribution of warm days with time outdoors
> 2 hours. Figure 2B illustrates this contribution: staying outdoors for 2
hours or more on days warmer than 6 °C hardly affected the pain score.

Being outdoors briefly on cold days had little effect on the pain score
(C). After the periods satisfying the criterion (bold line on curve) the
curves tend to decrease steeply (thin lines). The explanation may be that
cold days with outdoor times > 2 hours did contribute to the averages
here as well. A clear decrease in pain score was found for staying out-
doors > 2 hours (D). The longer the period of successive days that satis-
fied the cold criterion, the greater was the decrease.

Depending on the average time outdoors of the preceding 14 days, the
ESR data were grouped in 1 hour bins. The mean ESR per bin de-
creased with increasing time outdoors: 0 to 1 h: 18.00 (SD 7.03), 1-2 h:
15.53 (SD 7.03), 2-3 h: 14.60 (SD 4.05), 3-4 h: 12.50 mm/h (SD 2.46).
The mean ESR in the last bin was significantly lower than in the first (p
< 0.05, ANOVA with Tukey correction).

The effect of the daily time spent outdoors is in accord with the earlier
reported effect of outdoor temperature on pain and ESR (Patberg 1997):
a low outdoor temperature as well as being outdoors (on most days in a
marine climate) will have a cooling effect on the microclimate. In gen-
eral, outdoor activities were light, and the chilly feeling during stays
outdoors was the main experience of the (mostly lightly dressed) patient
in this study.

A possible explanation for the effect of exposure to a cool environment
might be related to skin vasoconstriction, or to the well known increased
production of cortisol (Guyton 1986). Whatever the influencing vari-
able(s) might be, this 4-year study shows that being outdoors for 3 hours
per day or longer appears to have a beneficial effect on this patient’s
RA.
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To the Editor:

Patients with arthritis often complain that certain weather conditions, in
particular cold and dampness, aggravate their disease symptoms. How-
ever, studies on influences of weather on arthritis patients have reported
conflicting results. In all studies, the extent to which the participating
patients were actually exposed to the weather was not taken into ac-
count. This is a serious shortcoming since, except for barometric pres-
sure, considerable differences will often exist between indoor and out-
door conditions. For example, outdoor frost will have little effect on
patients staying indoors all day.

As I am myself a patient with rheumatoid arthritis (RA) [since 1979,
male, 56 years old, fulfilling the American College of Rheumatology
criteria (Arnett et al. 1988), positive rheumatoid factor (RF)] and live in
the marine climate of The Netherlands, I looked for effects of the time I
daily spent outdoors on subjective as well as objective variables of my
RA. The beneficial effect of the time spent outdoors on joint pain score,
and erythrocyte sedimentation rate (ESR), has been reported (Patberg &
Rasker 2002).

Over a period of 4 years (1999-2002), I daily recorded the time I spent
outdoors (24 days excepted) and calculated the monthly means (Figure
1A). In addition to being outdoors for longer time, I undertook other
measures in attempts to lower the 24 h ambient temperature and hu-
midity: not wearing pyjamas, keeping the bedroom window open (Pat-
berg 1987), not wearing a coat outdoors at temperatures above 0 °C,
and sleeping on a ventilated spring mattress. These measures were all in
effect during the study. Blood samples were taken regularly (n=38, on
Wednesdays between 11.00 and 12.00 noon) for determination of RF
(latex-nephelometry, Figure 1B) and ESR as a measure of disease activ-
ity.

Based on the level of the monthly mean time spent outdoors, the study
was subdivided into long outdoor periods (≥ 2.5 h, shaded area in Fig-
ure 1) and short outdoor periods (< 2.5 h, unshaded). Although at a
clinically low level, the RF virtually always decreased during the long
outdoors periods, and increased during the short outdoors periods (Fig-
ure 1). The percentage of change in RF in the interval between two suc-
cessive determinations was negatively correlated with the mean 24 h
time spent outdoors during the interval (r = –0.44; p < 0.01).
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Figure 1 Monthly mean 24 h time outdoors (A), rheumatoid factor (B), and erythrocyte sedimen-

tation rate (C) from January 1, 1999, to December 31, 2002, in a patient with RA. Shad-

ing indicates periods with monthly mean 24 h time outdoors ≥ 2.5 h. Error bars in A indi-

cate SD. Horizontal bars in C indicate medication: azathioprine 125 mg daily (aza),

methotrexate 7.5 mg, later 10 mg, weekly (MTX).

During the second half of the study (from January 1, 2001) the RF as
well as ESR were negatively correlated with the mean 24 h time spent
outdoors in the 4 weeks preceding each determination. The data from
1999 and 2000 were not used for these calculations because the medica-
tion was changed twice (horizontal bars in Figure 1C), with subsequent
lowering of the ESR. For RF as well as the ESR, the negative correla-
tion was maximal when the data were shifted back in time by 51 days
with respect to the time-outdoors data (r = –0.57, p < 0.01 for the cor-
relation with RF and with ESR). This indicates that an increase in
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weather exposure is followed 51 days later on the average by a decrease
in RF and ESR and vice versa. The similarity in the correlation of the
time spent outdoors with the RF and ESR supports the conclusion of a
recent study that RF concentrations reflect disease activity in RA (Knijff
et al. 2002).

In general, outdoor activities were light (sitting and cycling, in the esti-
mated ratio 1:1). Due to airy clothing with subsequent increased ventila-
tion and cooling of the microclimate close to the skin, being outdoors
was often a chilly experience. This observation shows that the beneficial
effect of being outdoors is in agreement with the previously reported
positive correlation between the meteorological temperature/humidity
complex and pain in 88 patients with RA in The Netherlands (Patberg et
al. 1985). The correlation of the RF as well as ESR with variations in
weather exposure objectively illustrates linkage between weather and
disease activity. Moreover, being outdoors seems to be a way to reduce
the disease activity of my RA. The underlying mechanism is unclear. As
mentioned earlier (Patberg & Rasker 2002), the effect might be related
to skin vasoconstriction, or to increased production of cortisol.

For future investigations on weather effects on RA (or other disease), I
recommend that the daily duration of weather exposure be taken into
account. The results in this study justify similar research on a larger
scale and in different climates. If the effects I found on myself can be
reproduced in other patients with RA, being outdoors for longer times
might be a valuable addition to the treatment of RA.
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Chapter 9

Correlation of erythrocyte sedimenta-
tion rate and outdoor temperature in a
patient with rheumatoid arthritis

Wiebe R. Patberg

Department of Physiology, University of Groningen, The Netherlands

Journal of Rheumatology 1997; 24: 1017-1018
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To the Editor:

Studies on the effects of weather on rheumatoid arthritis (RA) are
mainly based on subjective variables. Studies on 88 patients with RA
(Patberg et al. 1985), and on myself (Patberg 1989) (49-year-old man
with seropositive RA since 1979) exemplify this. I report a marked cor-
relation between 24 h mean outdoor temperature and disease activity
reflected by the erythrocyte sedimentation rate (ESR), an objective
measure of the inflammatory state in RA. My ESR was routinely de-
termined during 1989-1991 (n = 40) (middle trace in Figure 1). The
positive correlation was maximum when the ESR data were shifted
back in time by 30 days (r = 0.65, p < 0.001), indicating that a change in
temperature is 30 days later on the average followed by a change in ESR
(Figure 2).

Figure 1 Course of 24 h mean outdoor temperature (top), ESR (middle), and daily joint pain score

(bottom) during 1989-1991. The outdoor temperature data of the second half of 1988 and

the first half of 1992 were used to determine phase shifts from -182 to +182 days, as

shown in Figure 2.
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Figure 2 Plot of correlation coefficient for the relation between 24 h mean outdoor temperature and

ESR (open circles) and joint pain score (solid line). The ESR and pain score data were

time-shifted from -182 to +182 days with respect to the outdoor temperature.

Because the ESR shows wide variation between patients with RA
(Wolfe & Michaud 1994), only serial determination in the same indi-
vidual provides an objective measure of the inflammatory activity. This
might explain Latman’s (1981) failure to find a clear correlation be-
tween meteorological factors and the single ESR values of 2802 patients
with RA.

Also, daily joint pain, quantified as described (Patberg 1989), during
1989-1991 (n = 626; bottom trace in Figure 1) correlated positively with
the outdoor temperature. The maximum correlation occurred at a
greater phase shift than the correlation between ESR and outdoor tem-
perature: r = 0.53 (p < 0.001) at a phase shift of about 48 days (Figure
2).

Apparently, the annual variations in temperature and vapor pressure,
which in the maritime climate of The Netherlands are strongly related,
are followed with increasing delay by variations in my ESR and pain

-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180

0.8

0.6

0.4

0.2

0

-0.2

-0.4

-0.6

-0.8

phase shift (days)



Ch
ap

te
r 9

   
ES

R
 a

nd
 o

ut
do

or
 te

m
pe

ra
tu

re
 in

 R
A

   
10

7

score, respectively. As referred to by Latman (1987) in a review article
on atmospheric factors and rheumatic diseases, effects of skin vasocon-
striction or decreased collagenolytic activity in the cold may play a role.
These findings support the reported beneficial effects of cool and dry
weather in a group of 88 patients with RA (Patberg et al. 1985)
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Chapter 10

Dual effect of alcohol on pain in
rheumatoid arthritis
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To the Editor:

Due to its analgesic effects, alcohol can diminish joint pain, one of the
symptoms of rheumatoid arthritis (RA). However, both relief from, and
aggravation of, joint pain have been reported from patients with RA in
relation to alcohol use (Bradlow & Mowat 1985, Blaze-Temple et al.
1992). This inconsistency might be explained by a delayed worsening
effect of alcohol on RA pain in addition to short-term alleviation of
pain.

Figure 1 Plot of correlation coefficient for the relation between daily alcohol intake and joint pain

score in a patient with RA (: p < 0.001). Pain score data were time shifted from -20 to

+40 days with respect to alcohol intake data.

One of the authors (WRP), a 51-year-old man with RA since 1979 satis-
fying American College of Rheumatology criteria (Arnett et al. 1988),
and with positive rheumatoid factor, quantified his daily joint pain (602
scores) as described earlier (Patberg 1989) for 3 years (1994-1996). Daily
joint pain was found to correlate positively with the daily number (range
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0-5) of alcoholic beverages taken (885 scores) during the 3 years (Figure
1, at phase shift 0 days). The correlation gradually increases when the
pain score data are shifted back in time with respect to the alcohol data,
reaching a maximum at a phase shift of 8 days (r = 0.22, p < 0.001).
This indicates that alcohol intake is followed by an increase in joint pain
8 days later on the average. It might be argued that this finding is related
to the positive correlation between RA pain and the meteorological
temperature and humidity (Patberg 1989), e.g. as a result of drinking
more beer in summer. However, correlation of the alcohol intake with
these weather factors during 1994-1996 shows a negative relationship,
indicating independent influences of weather and alcohol.

The negative peak (Figure 1, arrow) found at a phase shift of 1 day illus-
trates the analgesic effect of alcohol: alcohol intake in the evening low-
ers the joint pain score determined on the following morning.

Although other constituents of the alcoholic beverages taken (mostly
beer and Dutch gin) may play a role, we consider that it is the alcohol
that affects the pain. The effect of alcohol on the disease itself is unclear.
A lowered production of corticosteroids due to the blunting effect of
alcohol on the ACTH response may play a role. It seems clear, how-
ever, that apart from the short-term analgesic effect, alcohol worsens
joint pain in RA.
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The studies described in this thesis are based on accurate long-term
monitoring of several weather and RA variables. All data obtained from
1983 till 2004 are plotted in Figure 1. In the earlier years (1983-1989),
the daily joint pain score was the only RA variable that was determined.
Although this is a subjective variable, in retrospect it always reflected
the pain as it was experienced during the past weeks or months. Since
1989, the ESR was determined regularly in order to have an objective
disease variable available. From 1996 on, 2 additional laboratory vari-
ables (CRP and RF) were determined more often than before. From
March 1999 till February 2003, with intervals of 14 days, the ESR, CRP
and RF determinations were alternately done at 2 different laboratories,
i.e. about once a month at each laboratory. Although the long-term
trend is comparable, the RF curves were at clearly distinct levels (Figure
1, third trace from top). Moreover, the upper curve (lab A, white circles)
is very irregular with respect to the lower one (lab B, black and green
circles). In general, the ESR and CRP values determined by the two
laboratories were comparable. All RF and ESR values used in the study
described in Chapter 8 were determined by laboratory B. Pooling the
data from both laboratories would have considerably diminished the
correlation of the RF as well as the ESR with the daily time spent out-
doors. The ESR values from both laboratories were pooled in the stud-
ies described in Chapters 7, and 9.

Effects of medication

During the first years of the disease (1979-1991), medication was unsta-
ble. The daily dosage of nonsteroidal antiinflammatory drugs (NSAIDs)
was dependent on the intensity of pain (cf. Chapter 4, Figure 1). In this
way, the variation in pain was reduced, and it was rather the medication
that reflected the disease activity than the pain score. From 1992 on, the
use of NSAIDs was kept very stable in order to make the daily joint
pain score more reliable as an indicator of the disease activity (January
1992-June 2001: 75 mg indomethacin daily; from June 2001 on: 25 mg
rofecoxib daily). Probably, due to the stable NSAID dosage the day-to-
day fluctuations in pain score after 1992 were higher than before (Figure
1, bottom trace).

From 1992 till 2004, the dosage of disease-modifying antirheumatic
drugs (DMARDs) was changed only 6 times (pink bar, Figure 1, bot-
tom). The use of azathioprine did not result in a decrease of the ESR. At
a daily dosage of 125 mg, a gradual decrease of the pain score was
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Figure 1 Plot of relevant variables related to the author during 21.5 years (1983 till June 2004)

24 h outdoor temperature Trace 1

The temperature was measured by the Royal Dutch Meteorological Institute (KNMI) at

the location Groningen Airport. The data are available at http://www.knmi.nl /product/.

In the Netherlands, the shape of this curve is almost identical to that of the outdoor vapor

pressure curve (cf. Chapter 4, Figure 1). Corrections for stays abroad are given in Chap-

ter 4.

24 h time spent outdoors Trace 2

Data represent the total of all periods spent outdoors within 24 h. In general, outdoor

activities were light (mostly sitting and cycling) and at temperatures higher than 0-5 °C no

coat was worn.

Reumatoid factor (RF) Trace 3

The RF was determined by 2 different laboratories. Due to considerable differences in

reported values, the data were plotted in different curves: lab A (pink circles), and lab B

(black and green circles). Green circles indicate a value <20 IU/ml.

C-reactive protein (CRP) Trace 4

The single high value in 2000 is related to joint surgery. The elevation in 1997 preceded

the first joint surgery in that year. Pink circles: lab A; black circles: lab B.

Erythrocyte sedimentation rate (ESR) Trace 5

Elevations in 1997 and 2000: as mentioned for CRP. The single high value in 2001 is

related to joint surgery. Pink circles: lab A; black circles: lab B.

Joint punctures and surgery Symbols

Syringes indicate puncturing of a joint combined with injection of corticosteroids.

Circles marked “JS” indicate days on which joint surgery was performed.

Daily joint pain score Trace 6

The sum of the pain scores of all 21 (groups of) joints as mentioned in Chapter 1.

Disease-modifying antirheumatic drugs DMARD

aza: azathioprine, sal: sulfasalazine (daily dosages in mg), MTX: methotrexate (weekly
dosage in mg).



date
01-01-1983
02-01-1983
03-01-1983
04-01-1983
05-01-1983
06-01-1983
07-01-1983
08-01-1983
09-01-1983
10-01-1983
11-01-1983
12-01-1983
13-01-1983
14-01-1983
15-01-1983
16-01-1983
17-01-1983
18-01-1983
19-01-1983
20-01-1983
21-01-1983
22-01-1983
23-01-1983
24-01-1983
25-01-1983
26-01-1983
27-01-1983
28-01-1983
29-01-1983
30-01-1983
31-01-1983
01-02-1983
02-02-1983
03-02-1983
04-02-1983
05-02-1983
06-02-1983
07-02-1983
08-02-1983
09-02-1983
10-02-1983
11-02-1983
12-02-1983
13-02-1983
14-02-1983
15-02-1983
16-02-1983
17-02-1983
18-02-1983
19-02-1983
20-02-1983
21-02-1983
22-02-1983
23-02-1983
24-02-1983
25-02-1983
26-02-1983
27-02-1983
28-02-1983
01-03-1983
02-03-1983
03-03-1983
04-03-1983
05-03-1983
06-03-1983
07-03-1983
08-03-1983
09-03-1983
10-03-1983
11-03-1983
12-03-1983
13-03-1983
14-03-1983
15-03-1983
16-03-1983
17-03-1983
18-03-1983
19-03-1983
20-03-1983
21-03-1983
22-03-1983
23-03-1983
24-03-1983
25-03-1983
26-03-1983
27-03-1983
28-03-1983
29-03-1983
30-03-1983
31-03-1983
01-04-1983
02-04-1983
03-04-1983
04-04-1983
05-04-1983
06-04-1983
07-04-1983
08-04-1983
09-04-1983
10-04-1983
11-04-1983
12-04-1983
13-04-1983
14-04-1983
15-04-1983
16-04-1983
17-04-1983
18-04-1983
19-04-1983
20-04-1983
21-04-1983
22-04-1983
23-04-1983
24-04-1983
25-04-1983
26-04-1983
27-04-1983
28-04-1983
29-04-1983
30-04-1983
01-05-1983
02-05-1983
03-05-1983
04-05-1983
05-05-1983
06-05-1983
07-05-1983
08-05-1983
09-05-1983
10-05-1983
11-05-1983
12-05-1983
13-05-1983
14-05-1983
15-05-1983
16-05-1983
17-05-1983
18-05-1983
19-05-1983
20-05-1983
21-05-1983
22-05-1983
23-05-1983
24-05-1983
25-05-1983
26-05-1983
27-05-1983
28-05-1983
29-05-1983
30-05-1983
31-05-1983
01-06-1983
02-06-1983
03-06-1983
04-06-1983
05-06-1983
06-06-1983
07-06-1983
08-06-1983
09-06-1983
10-06-1983
11-06-1983
12-06-1983
13-06-1983
14-06-1983
15-06-1983
16-06-1983
17-06-1983
18-06-1983
19-06-1983
20-06-1983
21-06-1983
22-06-1983
23-06-1983
24-06-1983
25-06-1983
26-06-1983
27-06-1983
28-06-1983
29-06-1983
30-06-1983
01-07-1983
02-07-1983
03-07-1983
04-07-1983
05-07-1983
06-07-1983
07-07-1983
08-07-1983
09-07-1983
10-07-1983
11-07-1983
12-07-1983

-20

-10

0

10

20

30

24
 h

 o
ut

do
or

 te
m

pe
ra

tu
re

(°C
)

0

60

120

180

240

300

360

24
 h

 ti
m

e 
ou

td
oo

rs
(m

in
)

0

20

40

60

80

100

RF
(IU

/m
l)

0

10

20

30

40

50

60

CR
P

(m
g/

m
l)

0

10

20

30

40

50

60

da
ily

 jo
in

t p
ai

n 
sc

or
e

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
salaza aza azathioprine 125azathioprine 100aza 50-150 MTX 15MTX 10MTX 7.5

0
5

10
15
20
25
30
35
40

ES
R

(m
m

/h
)

JS JS JS JS JS JSJS JS JSJS JSJSJSJSJSJS

DMARD

1

2

3

4

5

6



C
ha

pt
er

 1
1 

  G
en

er
al

 d
is

cu
ss

io
n  

  1
21

observed (1996-1999). However, this may also be attributed to the peri-
ods with increased time spent outdoors as illustrated by the cross corre-
lation in Figure 2 (black circles). The strong decrease of the pain score
as well as the ESR in the summer of 1992 is a nice example of this ef-
fect. The transition from azathioprine to methotrexate (MTX) was asso-
ciated with a decrease of the ESR, CRP, and the pain score, not the RF.
Later, in 2001, the CRP increased again, although the MTX dosage was
increased. During MTX medication, the ESR showed a light tendency
to decrease. However, variations in ESR in this period (2001-June 2004)
were clearly related to the daily time spent outdoors (r: -0.3; P<0.05; at
a phase shift of 60 days; 2001-2003).

"Natural course" of the disease and relationship with season

In RA, it is difficult to speak of a "natural course" of the disease. The
necessary clinical interventions like adjustment of medication, corticos-
teroid injections into severely inflamed joints, and joint surgery will of-
ten disturb such a natural course. Moreover, due to several experiments,
the course of the RA variables is far from "natural" (Figure 1). However,
in the earlier years (1983-1991) the experiments were limited to a few
measures taken to lower the average ambient temperature and vapor
pressure during the night, like keeping the bedroom window open and
not wearing pyjamas (from September 1984 on; cf. Chapters 3-5). The
joint pain score, and later the ESR as well, in these early years were in
general maximal at the end of the summer, and minimal at the end of
the winter (Chapters 3-6, and 9). This is reflected in the positive correla-
tion of the pain score with temperature as well as vapor pressure. From
1985 till 1988 there were many clinical interventions, which are likely to
have reduced the ESR and the pain score in these years (Figure 1, bot-
tom trace). Joint surgery will have had some lowering effect on the pain
score but hardly on the ESR and CRP since the inflammation in the
joints involved was mostly burnt out. The main reasons for surgery were
reduction of pain, and restoring of lost functions.

Effects of daily time spent outdoors

From 1992 on, the relation of the RA variables with the meteorological
weather was often disturbed by outdoor experiments. In general, the RA
variables improved in periods when the daily time spent outdoors was
long (e.g. June-November 2001), while the opposite was associated with
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periods with short daily time outdoors (e.g. November 2001-May 2002).
Despite this "disturbance", the relation of the RA variables with tem-
perature and vapor pressure was often discernible. This is described in
Chapter 7.

The importance of taking the medication into account is illustrated by
the clear decrease of the RA variables during a period with short daily
time spent outdoors (May-November 2000). Here, the beneficial effect
of the transition from azathioprine to MTX prevails over the unfavor-
able effect of the decreased exposure to the weather.

The disease activity was influenced by the daily time spent outdoors,
not the other way round; the time spent outdoors was not increased as a
result of feeling better. In fact, the decision to start a new period with
high exposure to the weather was often taken in times of increasing dis-
ease activity (e.g. May 2002). Since the alleviation during the long out-
doors period in the summer of 1992, I considered being outdoors as an
essential part of my therapy. Further, cross correlation revealed that the
changes in RA variables lagged behind changes in time spent outdoors.
In Figure 2, this is illustrated for the RA variables ESR and joint pain
score (1997-2003). As in the study described in Chapter 9, the correlo-
gram gives the impression that changes in ESR precede changes in joint
pain score. Note that other measures for the reduction of the 24 h ambi-
ent temperature and humidity were in effect as well: not wearing pyja-
mas and keeping the bedroom window open (since 1984), and not
wearing a coat outdoors at temperatures above 0 °C (since 1992).

In a study like this, research and therapy go hand in hand. A rigid ex-
perimental protocol will give clear and quick results but may lead to
worsening of the patient's situation. For instance, staying indoors for a
long period might show a clear increase in ESR, CRP, and RF values,
along with an increase in pain. Scientifically, this would be a valuable
observation but ethically it is not acceptable. However, the lack of ef-
fects of long-lasting periods with daily very short time spent outdoors is
somewhat compensated by the effects found during a few short periods
in which the patient hardly was outdoors (January-April 1997, October-
November 1997, and November 1998-January 1999). In all these peri-
ods there was a clear increase in joint pain score, ESR, CRP, and RF.
As shown in Figure 1, medication was stable during all these periods.
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Figure 2 Cross correlation of the ESR () as well as daily joint pain score () with the daily time

spent outdoors during 7 years (1997-2003). The minimum in correlation coefficient was -

0.30 (P<0.01) for the correlation between time outdoors and the pain score at a phase shift

of 32 days. This indicates that changes in time spent outdoors are about 1 month later

followed by opposite changes in pain score. The changes in ESR seem to be less delayed,

although the minimum in correlation coefficient is not very clear.

Microclimate

The results of many studies on effects of the weather on RA can be ex-
plained best by assuming a positive relationship between RA variables
and the humidity of the microclimate close to the patient’s skin. This is
the conclusion of the review described in Chapter 2. In addition to the
outdoor humidity, the humidity of the microclimate is influenced by
housing, clothing, air conditioning, etc. This is illustrated in Figure 3. In
general, the indoor humidity is higher than outdoors due to several
sources of water vapor, like cooking, bathing, respiration, especially
when ventilation is poor (Figure 3, filled circles). The humidity of the
microclimate is still higher due to water evaporation through the skin
even if no sweating occurs.
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Figure 3 Course of the 24 h mean vapor pressure measured outdoors (solid line), in the ambient air

on the clothes (filled circles), and in the microclimate at the skin (open circles) of the

author living at Groningen, The Netherlands. Outdoor vapor pressures were calculated

from the outdoor temperature and relative humidity data supplied by the Royal Dutch

Meteorological Institute (KNMI) for the location Groningen Airport. Temperature and

relative humidity data for the calculation of the vapor pressure of the ambient air and the

microclimate were obtained using a data logger (Gemini Data Loggers, Tiny Tag Ultra

TGU-1500; 10 minutes measuring interval). From August 2003 till February 2004, the

data logger was worn on the skin of the chest as a necklace (at night fixed to the quilt

cover facing the skin), and from February till June 2004 attached to the belt (at night fixed

on top of the quilt cover).

The difference in humidity between the microclimate and the air out-
doors is very small in August (light clothing, open windows, more living
outdoors) and it increases in the colder months (Figure 3, open circles).
The increase of the humidity of the microclimate, caused by more
clothing is considerable (Figure 3, compare open and filled circles in
February 2004). Note that in the cold months, the humidity of the mi-
croclimate is almost twice as high as the outdoor humidity. These data
support the conclusions of the above-mentioned review (Patberg &
Rasker, 2004). It is remarkable that the correlation of the daily joint pain
score with the vapor pressure of the microclimate is stronger (r: 0.25,
P<0.05) than that with the outdoor vapor pressure (r: 0.17) (Figure 4, cf.
correlation coefficients at phase shift 1 day). This supports the hypothe-
sis that the humidity of the microclimate influences the disease activity.

Initially, the purpose of spending more time outdoors was to reduce the
mean temperature and humidity of the ambient air. Having found sub-
sequent beneficial effects on my disease, I became more convinced that
there is a relationship between the daily means of these variables and
the variables of my RA. Later, I realized that staying outdoors for e.g. 3
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hours, in which the vapor pressure of the microclimate is reduced e.g.
from 8 to 4 g water/kg dry air, will decrease the 24 h mean vapor pres-
sure of the microclimate from 8 to only 7.5 g water/kg dry air. This
change is negligible with respect to the fluctuations shown in Figure 3.
The same reasoning is applicable for the temperature of the microcli-
mate. Therefore, I consider the actual situation during the stay out-
doors, with strong decreased vapor pressure and temperature, to have
an effect, not the change in the 24 h mean values.

Figure 4 Cross correlation of the daily joint pain score with the outdoor vapor pressure (), and the

vapor pressure of the microclimate () (August 2003-February 2004). On days when the

mean vapor pressure of the microclimate was not available, the corresponding data of the

outdoor vapor pressure were discarded in order to keep the correlograms comparable. At a

phase shift of +1 day (vapor pressure preceding the pain score) the correlation coefficient

of the relation of the pain score with the vapor pressure of the microclimate is clearly

higher than the relation with the outdoor vapor pressure (*: P<0.05).

As mentioned, about half the time spent outdoors, I was cycling, mostly
without a coat. Therefore, it might be argued that the exercise, rather
than the weather has caused the beneficial effect. However, observations
in the summers of 1995 and 1997 refute this: the disease activity (Figure
1: CRP, ESR, and joint pain score) did increase with increasing tem-
perature and vapor pressure although about 3 hours were spent out-
doors daily. Not until the decrease in temperature and vapor pressure at
the end of the summer (1997), the disease activity decreased.
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One subject

Except those described in Chapters 2, and 6, the studies were all done on
one and the same patient. Therefore, this thesis should be considered as
a report of a comprehensive pilot study. In order to answer the question
“How common are beneficial effects of being outdoors in RA patients?”
plans are made to repeat the study done on myself, on 30 other patients
with RA. There are several reasons to assume that the reported results
do not belong to a unique case:

- The effect of the weather on the daily joint pain score of myself is
comparable with that on the daily mean score of 88 RA patients in an
earlier study (Chapter 6).

- In personal reactions on publications of my studies, many RA patients
declared that they had experiences similar to those I had reported.

- The most recent review of the literature on weather effects on RA con-
cluded that there is a relationship between RA complaints and the
humidity of the microclimate at the patient’s skin (Chapter 2). Hence,
the increased ventilation of the microclimate when staying outdoors
may be expected to be beneficial to other RA patients as well.
- Even the statement of RA patients that they feel better on holidays in a

warm country is in accordance with my own experiences. Although
the temperature and vapor pressure are rather high, people will be
outdoors almost all day, and wear only few clothes. Therefore, the va-
por pressure at the skin will not build up.

Conclusions

The primary aim of the studies in this thesis was to explore whether the
variations in the disease activity of my own RA were related to “what-
ever”, and if so, whether it is possible to manipulate that “whatever” in
order to suppress the disease activity as much as possible. Probably,
there are several “whatevers” influencing the disease, but one of these is
associated with the temperature/humidity complex of the microclimate.
There are many possibilities to manipulate this complex, i.e. making the
microclimate cooler and less humid, which after some delay, turned out
to decrease the disease activity. The effect is reversible, so for a pro-
longed beneficial effect, the manipulation of the microclimate needs to
become a daily routine. Due to this reversibility it is possible that the
objective RA variables ESR, and CRP in general did not significantly
decrease. The slightly lower level of these variables since 2000 (Figure 1)
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should be attributed rather to the medication than to being outdoors.
However, the relation between being outdoors and the RF is significant,
and the gradual decrease of the RF since spring 2002 is likely to be asso-
ciated with the, in general, long time that was spent outdoors daily.
Several factors may have caused the low level of the joint pain score in
the later years: the medication, joint surgery, and even psychological
factors. In addition to this, the many hours that I have spent outdoors
have had a favorable influence on the pain score as has been illustrated
above (Figure 2).

Underlying mechanism

The underlying mechanism is unknown. The words of the British physi-
cian, and discoverer of argon, John W. Strutt (Baron Raleigh, 1842-
1919) nicely express how hard it is to imagine that changes in humidity
of the air can have effect on the human body: “I cannot conceive why
we who are composed of over 90% water should suffer from rheuma-
tism with a slight rise in the humidity of the atmosphere”.

Perhaps, evaporation by the skin plays a role; this will increase when the
microclimate becomes less humid. It is possible that spending more time
outdoors, which is more or less experienced as physical stress, stimu-
lates the production of cortisol with subsequent suppression of inflam-
mation in the joints. The use of alcohol would inhibit this influence by
its lowering effect on the production of cortisol (Chapter 10). In a future
study it would be interesting to investigate whether a period in which 3
hours are spent outdoors daily, will increase the cortisol level.

Future research

Suggestions for further investigations on the relationship between the
microclimate and RA variables are given in Chapter 2. Of course the
next question to be answered is “How common are the beneficial effects
of being outdoors in RA patients?” The results found on myself justify a
study on other patients with RA. Depending on the results of the above-
mentioned project on 30 patients, measures taken to decrease the hu-
midity of the microclimate might become advisable for patients with
RA.
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Summary

Although there is a widespread opinion that weather affects arthritis,
scientific proof is lacking. The number of studies on this subject is small,
which might be explained by the difficulty of monitoring disease activity
in RA. Subjective variables like pain can be judged every day, but the
daily determination of objective variables in the laboratory would be too
expensive, and too much a burden to the patient. About half of the
studies did not find any effect of the weather, and the conclusions of
studies that did find an effect were rather conflicting.

Three years after RA had become manifest in myself, I started to record
my joint pain daily since I was curious about its long-term course.
Meanwhile, I became involved in a 1-year study by dr. R.L.F. Nienhuis
of possible weather effects  on a group of 88 RA patients in The Neth-
erlands (Chapter 6). The average daily pain score turned out to be cor-
related with the outdoor temperature as well as with the vapor pressure.
Also the joint pain which I quantified daily on myself (1983-1988) was
positively correlated with the air temperature as well as with the water
vapor pressure (Chapters 3, 4, and 5). Especially, stays in the cool and
dry climate at elevated altitude had an alleviating effect on my RA
symptoms.

In 1989, I realized that an objective RA variable was needed in addition
to the subjective pain score. Since this year, my erythrocyte sedimenta-
tion rate (ESR) is being determined about every 14 days. From the data
obtained in 1989-1991 it appeared that the ESR was positively corre-
lated with the outdoor temperature as well as the vapor pressure. As
described in Chapter 9, cross-correlation revealed that changes in ESR
were delayed by a few weeks with respect to changes in the tempera-
ture/humidity complex. The changes in pain score were even more de-
layed. The course of the ESR in these 3 years supported my earlier con-
clusion that warm, humid air worsens the disease activity of my RA. In
order to reduce the temperature and humidity of the ambient air, I took
some simple measures like staying more outdoors. In general the air
outdoors is colder and less humid than indoors. It took some time to get
used to it, but its effect was beneficial (Chapter 7). Staying outdoors for
2.5 hours or longer daily, reduced my joint complaints and the erythro-
cyte sedimentation rate. Although the improvement was rather delayed,
it appeared to continue as long as I was outdoors for longer time. So, it
is a matter of carrying on, a way of living. In summer it is easy, but in
autumn and winter it is not always a picnic. Especially the rheumatoid
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factor (RF) shows a relationship with the daily time spent outdoors
(Chapter 8). The RF virtually always decreased during long-outdoors
periods, and increased during short-outdoors periods. Although the RF
is not a very specific indicator in RA, recent studies show that the RF
does roughly reflect the disease activity.

The literature review in Chapter 2 deals with the conflicting conclusions
of studies on effects of weather on RA. For instance, one study reported
an increase in joint pain in the course of the summer in The Netherlands
(warm and humid) while the pain of RA patients in Australia decreased
in summer (even warmer and more humid!). In our analysis of reported
effects of weather we took local circumstances into account as well.
Thus, the decrease in pain of patients in Australia was less surprising
since most people use fans and air conditioning in the hot months,
thereby reducing their ambient temperature and humidity. Probably, the
humidity near the patients’ skins is even lower than in winter, for also in
Australia in winter people wear more clothes than in summer. Clothes
hamper the ventilation at the skin, which will increase the humidity of
the microclimate since the skin itself produces water vapor as well, even
if no sweating occurs. Altogether, the conclusions of the studies appear
to be less conflicting than seemed at first sight. When a positive relation
between the humidity near the skin and disease activity is considered,
most reports were in accordance when local circumstances were taken
into account. The beneficial effect on my own RA in periods with daily
stays outdoors of 3 hours or longer, supports this. Especially cycling
without a coat, which is often a chilly experience, enhances the ventila-
tion at the skin, thus lowering the humidity of the microclimate. There-
fore, 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.

The underlying mechanism of the effect of the time spent outdoors on
the disease activity in RA is unclear. If the humidity of the microclimate
is a crucial factor, as concluded in Chapter 2, there might be a relation
with improved fluid evaporation by the skin, whatever the implications
may be. The cooling down (by lower air temperature and increased
evaporation by the skin) when staying outdoors was often experienced
as physical stress. It is well known that cold-stress stimulates the produc-
tion of cortisol, which has an inhibiting effect on joint inflammation.
However, use of alcohol lowers the production of corticosteroids. The
above-mentioned assumption is supported by the finding, described in
Chapter 10, that apart from the short-term analgetic effect, alcohol wors-
ens joint pain in RA.
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Finally, a recent experiment revealed that the correlation of the daily
joint pain score with the vapor pressure of the microclimate near the
skin is stronger than with the meteorological vapor pressure (Chapter
11). This supports the conclusion that RA symptoms are influenced by
the humidity of the microclimate.

“How common is the beneficial effect of being outdoors in RA?” For
the near future a study is planned with the aim to answer this question.
Reactions of several RA patients on published interviews about my
studies indicate that I am not a unique case. If this will be confirmed in
the intended investigation, it would become advisable for RA patients in
general to spend more time outdoors.
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Samenvatting

Het weer en reumatoïde artritis. De rol van het microklimaat aan de huid.

Als ik voor het eerst met iemand kennis maak en vertel dat ik reuma
heb, dan hoor ik vaak “O, dan is dit zeker goed weer voor je” als de zon
schijnt, en als het regent of mistig is: “O, dan is dit zeker slecht weer
voor je”. Er schijnt een soort algemeen voorkomend geloof te zijn dat er
een verband is tussen het weer en reuma. Warm en droog wordt als
gunstig beschouwd, koud en vochtig als ongunstig. Als je vraagt hoe
men er bij komt kan niemand het zeggen. Zelfs de wetenschap schiet te
kort. Deze “volkswijsheid” komt algemeen voor maar onderzoek is er
weinig naar gedaan. Dat is ook wel een beetje te begrijpen. Weersgege-
vens zijn weliswaar overvloedig verkrijgbaar maar het meten van de
ziekteactiviteit bij reuma, en ik beperk me nu tot reumatoïde artritis
(RA), is niet zo eenvoudig. In de meeste onderzoeken tot nu toe, zijn
geen objectieve metingen van de ziekteactiviteit gedaan. Vaak werd de
pijn of de duur van de ochtendstijfheid in de gewrichten geschat. Der-
gelijke schattingen kunnen dagelijks worden gedaan maar het blijven
subjectieve gegevens. Anderzijds kunnen de objectieve bepalingen van
de ziekteactiviteit, zoals bloedbezinking en CRP (C-reactive protein),
niet dagelijks worden gedaan. Daarvoor zijn de kosten te hoog en het
zou te belastend zijn voor de patiënt. Verder is het zo dat onderzoekers
niet zo veel heil zien in onderzoek naar effecten van het weer op RA
want in ongeveer de helft van de onderzoeken tot nu toe was de conclu-
sie dat er geen enkel effect is. Sterker nog, de conclusies van de onder-
zoeken die wèl een effect vonden waren nogal tegenstrijdig.

Van al deze onderzoeken was ik niet op de hoogte toen ik 22 jaar gele-
den mijn eigen onderzoek begon. Dat was drie jaar nadat RA zich bij
mijzelf had aangekondigd. Ik ging dagelijks mijn gewrichtspijnscore
bijhouden omdat ik graag wilde weten hoe het verloop ervan was over
langere tijd. Later probeerde ik verbanden te leggen met allerlei factoren
zoals voeding, weersomstandigheden, alcoholgebruik, enz. Intussen
kwam ik in aanraking met het onderzoek naar mogelijke weersinvloe-
den dat dr. R.L.F. Nienhuis in 1981 had gedaan onder 88 RA-patiënten.
De resultaten van dit onderzoek werden gepubliceerd in 1985 (hoofdstuk
6): de gemiddelde pijnscore van de deelnemers was het hoogst aan het
einde van de zomer en het laagst aan het einde van de winter. Dat duid-
de op een verband met de temperatuur en het vochtgehalte van de lucht.
In hoofdstuk 1 wordt het verband tussen temperatuur en luchtvochtig-
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heid toegelicht. Ook voor mijn eigen gewrichtspijnscore bleek deze rela-
tie met temperatuur en vochtigheid te bestaan (hoofdstuk 3, 4 en 5).

Naast de subjectieve pijnscore kreeg ik behoefte aan een objectieve maat
voor de ziekteactiviteit en ik liet elke 14 dagen mijn bloedbezinking be-
palen. De bezinking is weliswaar geen specifieke maat voor gewrichts-
ontstekingen maar als er geen andere ontstekingen in het lichaam aan-
wezig zijn is het een goede maat voor de ziekteactiviteit bij RA. Uit de
gegevens van 1989 t/m 1991 bleek er een significant verband te bestaan
tussen de daggemiddelden van zowel de temperatuur als de water-
dampdruk (KNMI, Eelde) en mijn bezinking (hoofdstuk 9). De bezin-
king reageerde niet onmiddellijk op de veranderingen in temperatuur en
vochtigheid; er was een vertraging van een paar weken. De veranderin-
gen in de pijnscore kwamen nog iets later. Mijn conclusie was dat war-
me, vochtige lucht ongunstig voor me was en dat koude, droge lucht de
ziekteactiviteit verminderde.

Met het oog op deze vermindering besloot ik me wat meer aan het weer
bloot te stellen want in het algemeen is het buiten kouder en droger dan
in huis. Bovendien trok ik meestal geen jas aan zolang de temperatuur
boven het vriespunt was. Dat was in het begin even wennen maar ik
bereikte er mee wat ik wilde: de lucht op mijn lichaam was kouder en
droger dan voorheen. Veel eerder (1984) had ik al besloten om ’s nachts
altijd het slaapkamerraam open te houden en geen pyjama aan te trek-
ken (hoofdstuk 3 en 4). Deze maatregelen hadden ook al een gunstig ef-
fect, maar door het meer buiten-zijn werd dit effect nog groter (hoofdstuk
7 en 8). Als ik langer dan 2,5 uur per dag buiten was, werden mijn ge-
wrichtsklachten minder. Dit gebeurde niet direct; pas na een week, of
nog later, begon ik het te merken. Als ik minder dan 2,5 uur per dag
buiten was, gebeurde het tegenovergestelde. De verbetering is vrij traag
maar lijkt door te gaan zolang ik maar veel buiten ben. Soms lukte het
niet veel buiten te zijn door bijvoorbeeld ziekte, een periode met heel
slecht weer, bepaalde persoonlijke omstandigheden, of het een tijdje
gewoon niet kunnen opbrengen. Dan namen de klachten meestal snel
weer toe. Het is dus een kwestie van volhouden, een manier van leven.
In de zomer, is het geen probleem lang buiten te zijn, maar in de herfst
en winter is het niet altijd een pretje.

Het meest duidelijke effect van veel buiten-zijn is de afname van de
reumafactor in het bloed (hoofdstuk 8). Het klinkt misschien wel zo,
maar de reumafactor is niet specifiek voor reumapatiënten en zegt niet



Sa
m

en
va

tti
ng

   
13
7

zo veel over de ziekteactiviteit. Toch hebben patiënten met ernstige RA
in het algemeen een hogere reumafactor dan patiënten waarbij de ziekte
milder is.

Het review-artikel in hoofdstuk 2 laat zien dat de conclusies van de ver-
schillende onderzoeken tot nu toe nogal tegenstrijdig waren. Bijvoor-
beeld: in bovengenoemd onderzoek in Nederland nam de gewrichtspijn
in de loop van de zomer (warmer en vochtiger) toe, terwijl de pijn bij
RA-patiënten in Australië (nog warmer en vochtiger) in de zomer juist
minder werd! We hebben de resultaten van alle onderzoeken betreffende
weerseffecten op RA bestudeerd, maar daarbij ook rekening gehouden
met plaatselijke omstandigheden. Toen bleek de afname van de pijn in
Australië minder verrassend te zijn dan op het eerste gezicht leek, want
in de warmste tijd van het jaar gebruiken veel mensen daar ventilatoren
en airconditioning, waardoor de temperatuur en vochtigheid die men
werkelijk ondervindt veel lager uitvalt. Waarschijnlijk is daardoor de
vochtigheid vlak bij de huid zelfs lager dan in de winter, want ook in
Australië draagt men ‘s winters meer kleren dan in de zomer. Door
meer kleding is er minder ventilatie aan de huid en is de vochtigheid
hoger, immers door de huid zelf wordt ook vocht verdampt, zelfs wan-
neer er niet wordt getranspireerd.

Al met al blijken de verschillende onderzoeken elkaar toch niet zo tegen
te spreken als over het algemeen wordt gedacht (hoofdstuk 2). De meeste
eensgezindheid in de conclusies van de onderzoeken werd gevonden
door uit te gaan van een relatie tussen de luchtvochtigheid vlak bij de
huid en de ziekteactiviteit. Wat mijzelf betreft wordt dit bevestigd door
de gunstige effecten die ik ondervind bij het dagelijks langer buiten-zijn.
Vooral bij het fietsen zonder jas neemt de ventilatie aan de huid toe en
daalt daar de luchtvochtigheid. De klassieke stelling “Koud en vochtig
is slecht, warm en droog is goed” lijkt dus alleen van toepassing te zijn
voor zover het de vochtigheid betreft.

Hoe het gunstige effect van het meer buiten-zijn op de ziekteactiviteit tot
stand komt is onduidelijk. Misschien speelt de verdamping via de huid
een rol. Als de vochtigheid in het microklimaat afneemt, kan de ver-
damping door de huid toenemen. De afkoeling (door lagere luchttempe-
ratuur en toegenomen verdamping) tijdens het buiten-zijn werd vaak als
een zekere fysieke stress ervaren. Mogelijk werd hierdoor de productie
van cortisol gestimuleerd, hetgeen een remmende werking heeft op ge-
wrichtsontstekingen. Gebruik van alcohol zou dit effect kunnen ver-
minderen doordat het een remmende werking heeft op de  cortisolpro-
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ductie. Deze veronderstelling wordt ondersteund doordat er, naast de
directe pijnstillende werking van alcohol, een vertraagde positieve cor-
relatie tussen alcohol en de gewrichtspijnscore werd gevonden (hoofd-
stuk 10).

Het is de vraag in hoeverre het gunstige effect van het buiten-zijn bij
andere patiënten met RA voorkomt. Reacties van andere patiënten op
publicaties over mijn onderzoek duiden erop dat ik niet de enige ben die
baat heeft bij veel buiten-zijn. Als dit wordt bevestigd door het voorge-
nomen vervolgonderzoek bij meerdere patiënten, zou het meer buiten-
zijn aan te raden zijn voor RA-patiënten in het algemeen.
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Dankwoord

Dankbaar ben ik, nu het proefschrift klaar is. Het is er min of meer
noodgedwongen gekomen. De reumatoïde artritis (RA) heeft destijds
mijn dierexperimenteel onderzoek aan de regulatie van de ademhaling
tot stilstand gebracht. Gelukkig kon ik doorgaan met onderzoek, nu aan
mijn reeds eerder begonnen onderzoek naar RA. Maar ik realiseerde me
ook dat ik in zekere zin een vreemde (reumatische) eend in de (medisch
fysiologische) bijt was geworden. Dankbaar ben ik dan ook dat mijn
promotor, Hans Rasker, zich destijds over mij heeft “ontfermd”. Door
de 150 km die tussen ons lag waren we veroordeeld tot gebruik van tele-
foon en vooral email. Hoewel letterlijk onzichtbaar, was je figuurlijk
onder handbereik. Als mijn email niet onmiddellijk werd beantwoord
wist ik dat je op reis was. Hans, jouw enthousiasme, aanspreekbaarheid,
kennis en ervaring waren een grote steun voor me. Je hebt me op koers
en op snelheid gehouden.

Ik ben de disciplinegroep Medische Fysiologie (en alle andere namen
die de groep daarvoor had, tot aan de Animale Physiologie toe) dank-
baar dat er in al die jaren geen enkel bezwaar is geweest tegen het on-
derzoek aan mijn “opgedrongen hobby”, zoals mijn broer Wim onze
ziekte noemt. In tegendeel, veel collega’s leverden een bijdrage aan het
onderzoek. Ik ben dr. H. Heemstra dankbaar dat hij me in 1976 de fa-
culteit Geneeskunde heeft binnengehaald. Hiepke, onderzoeker in hart
en nieren, ik heb veel van je geleerd en ik ben er trots op dat jij mijn
“baas” was. Al werden ze me op den duur te zwaar, ik heb veel plezier
gehad aan onze experimenten en gesprekken. Mijn huidige “baas” en
tweede promotor, Erik Boddeke, ben ik dankbaar voor zijn vertrouwen
in me. Je liet regelmatig blijken dat je mijn onderzoek “zag zitten”. Je
liet mij mijn gang gaan, zonder me aan mijn lot over te laten. Je volgde
mijn werk op de voet, stimuleerde me en je kon op jouw directe manier
mij duidelijk laten weten dat je er soms anders over dacht. Dankbaar
ben ik ook al die andere collega’s, na zoveel jaren te veel om op te noe-
men, voor hun hulpvaardigheid en voor datgene dat maakte dat ik da-
gelijks met plezier naar Bloemsingel 10 kwam en naar Antonius Deu-
singlaan 1 kom. De namen van mijn (ex)kamergenoten wil ik graag
noemen: Britta Küst, Rob Bakels, Jaap van der Leest en Marijn Post.
Na het kluizenaarsbestaan aan de Bloemsingel ben ik blij met jullie ge-
zelschap. De hectiek houdt me af en toe van mijn werk; en toch komt
het mijn werk ten goede.
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Dankbaar ben ik voor de hulp van Bob Nienhuis, niet alleen als reuma-
toloog tijdens mijn eerste ervaringen met RA, maar ook bij het prille
begin van mijn onderzoek. Later heb je me gestimuleerd om gevonden
effecten op mijn eigen RA te publiceren. Ook anderen die mij geholpen
hebben om het lichaam dat dit proefschrift tot stand bracht in conditie te
houden ben ik dankbaar. Met name noem ik mijn huidige reumatoloog
Bouke Hazenberg, de chirurgen René Veth, Joop Konings en Auke de
Boer, het “onderdak”, zowel op de reuma-afdeling van Beatrixoord als
bij mijn zus Carrie en zwager Gerrit thuis. En niet te vergeten, Kees
Toppen, die als fysiotherapeut nog steeds wekelijks datgene wat de
reumatologen en chirurgen hebben bereikt, onderhoudt en versterkt.

Dankbaar ben ik voor hen die mijn, soms misschien te enthousiaste,
onderzoeksverhalen hebben willen aanhoren: Gerrit van Straten, Casper
Jongsma, Siep Sierdsema, Dirk de Vries, en mijn kinderen Niels, Marti-
ne en Janneke. Dank ook aan Gert Kraan, want al heb ik zelf veel aan-
dacht aan de tekstverwerking en de lay-out van het boekje geschonken,
pas na jouw minutieuze controle wist ik dat het echt in orde was. Verder
ben ik dankbaar voor de soms essentiële steun van verstokte Apple®

users, zoals Casper Jongsma en Carrie. Maike, bedankt dat je mijn
huishouding een beetje in het gareel hield.
Dankbaar ben ik voor mijn kinderen: Niels, bedankt dat je me nog net
voor laat gaan. Sterkte met het klaarmaken van je proefschrift (ik weet
wat dat inhoudt) en veel succes met je promotie. Martine en Janneke, ik
kan me geen betere paranimfen voorstellen. Bedankt alvast voor het nog
komende werk. Wim, broer van me, wij hebben beide RA, maar de RA
heeft ons niet. Bedankt voor de weinige (genoeg voor goede verstaan-
der) maar belangrijke woorden. Dankbaar ben ik, achteraf, voor de
reumatoïde artritis die mij veel meer heeft gebracht dan alleen maar dit
proefschrift. Zoals alle ogenschijnlijke tegenslagen in het leven, brengt
ook ziekte je dichter bij datgene waar je het meest naar op zoek bent:
dat wat je werkelijk bent.
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Curriculum vitae

Wieb Patberg is geboren op 3 september 1946 te Haren. Na het behalen
van het eindexamen HBS-B aan de Tweede Christelijke HBS (thans
Augustinus College) te Groningen, vervulde hij zijn militaire dienst-
plicht van 1966 tot 1968 als officier-Inlichtingen op de Vliegbasis Leeu-
warden. Van 1968 tot 1975 studeerde hij Biologie aan de Rijksuniversi-
teit Groningen (RuG) met Dierfysiologie als hoofdvak. In 1975 maakte
hij de overstap naar de faculteit der Geneeskunde van de RuG met een
aanstelling als wetenschappelijk medewerker bij de afdeling Ademha-
lingsfysiologie van de vakgroep Animale Fysiologie. Hier deed hij on-
derzoek aan de regulatie van de ademhaling met het konijn als proef-
dier. Bilaterale locale vaguskoeling, ontwikkeld in samenwerking met de
afdeling Electronica van de vakgroep, werd een essentiële methode in
het onderzoek: het selectief, reversibel blokkeren van gemyeliniseerde
vagusvezels. Van 1985 tot 1993 zette hij het onderzoek als universitair
docent voort in de vakgroep Vegetatieve Fysiologie van de RuG.

De reumatoïde artritis (RA) die zich in 1979 bij hem openbaarde, maak-
te de voortzetting van de dierexperimenten uiteindelijk onmogelijk.
Voor zover de artritis, en de gevolgen ervan, het toelieten, ontwikkelde
hij het RA-onderzoek waarvan dit proefschrift het resultaat is. Sinds
1993 heeft hij een 40%-aanstelling, thans bij de disciplinegroep Medi-
sche Fysiologie.



C
urriculum

 vitae   148



P
ub

li
ca

ti
on

s 
  1

49

List of publications

Go KG, Patberg WR, Teelken AW, Gazendam J 1976. The starling hypothesis of capil-

lary fluid exchange in relation to brain edema. In: Dynamics of brain edema,

Pappius HM, Feindel W ed. Berlin, Springer-Verlag: 63-67.

Patberg WR, Go KG, Teelken AW 1977. Isolation of edema fluid in cold-induced cere-

bral edema for the study of colloid osmotic pressure, lactate dehydrogenase

activity, and electrolytes. Exp Neurol 54(1): 141-147.

Patberg WR 1983. Increase of tonic inspiratory activity by vagal non-myelinated fibres in

rabbits. Bull Eur Physiopathol Respir 19: 70P.

Patberg WR 1983. Effect of graded vagal blockade and pulmonary volume on tonic inspi-

ratory activity in rabbits. Pflugers Arch 398(2): 88-92.

Patberg WR, Melchior HJ, Mast JG 1984. Blocking of impulse conduction in peripheral

nerves by local cooling as a routine in animal experimentation. J Neurosci Me-

thods 10(4): 267-275.

Patberg WR, Veringa F 1985. Graded blocking of non-myelinated vagal fibres in the rab-

bit. J Physiol 366: 41P.

Brunsting JR, Patberg WR, Schuil HA, Zijlstra WG 1985. Effect of autacoid antagonists

on vagal cardioacceleration in the dog. J Physiol 366: 39P.

Patberg WR, Nienhuis RLF, Veringa F 1985. Relation between meteorological factors

and pain in rheumatoid arthritis in a marine climate. J Rheumatol 12: 711-715.

Patberg WR 1987. Effect of weather on daily pain score in rheumatoid arthritis. Lancet

8555: 386-387.

Patberg WR 1989. Effect of temperature and humidity on daily pain score in a patient

with rheumatoid arthritis. Arthritis Rheum 32: 1627-1629.

Patberg WR, Zijlstra WG, Zock JP 1990. Afferent impulses in non-myelinated vagal fibres

are involved in respiratory reflexes in the anaesthetized rabbit. J Physiol 420:

66P.

Patberg WR 1991. Effect of temperature and humidity on daily pain score in rheumatoid

arthritis. Progr Biometeorol 8: 89-97.

Patberg WR, Nijmeijer A, Schut JK, Versprille A, Zock JP, Zijlstra WG 1992. Effect of

local nerve cooling. Effects of local nerve cooling on conduction in vagal fi-

bres shed light upon respiratory reflexes in the rabbit. Pflugers Arch 421: 280-

282.

Patberg WR 1997. Correlation of erythrocyte sedimentation rate and outdoor temperature

in a patient with rheumatoid arthritis. J Rheumatol 24: 1017-1018.

Patberg WR, Rasker JJ, Van de Wiel A 1999. Dual effect of alcohol on pain in rheuma-

toid arthritis. J Rheumatol 26(5): 1215.

Patberg WR, Rasker JJ 2002. Beneficial effect of being outdoors in rheumatoid arthritis.

J Rheumatol 29: 202-204 (Correction in J Rheumatol 2002; 29: 864).



Publications   150

Patberg WR 2003. Effect of weather exposure on rheumatoid arthritis. J Rheumatol 30(12):

2728.

Patberg WR, Rasker JJ 2004. Weather effects in rheumatoid arthritis: from controversy to
consensus. A review. J Rheumatol 31(7): 1327-1334.



Stellingen

1 Er bestaat een negatieve correlatie tussen het verblijf buitenshuis en de
verandering in titer van de reumafactor. (dit proefschrift)

2 De patiënt met reumatoïde artritis die vanwege zijn ziekte zich overmatig
beschermt tegen kou, koestert zijn ziekte eerder dan dat hij deze bestrijdt.
(dit proefschrift)

3 In nagenoeg alle studies naar weerseffecten op reumatoïde artritis is geen
rekening gehouden met de mate waarin de onderzochte patiënten aan het
weer waren blootgesteld. (dit proefschrift)

4 Aan de menselijke huid is het in een zeeklimaat nooit koud èn nat, noch
warm èn droog. (dit proefschrift)

5 De in dit proefschrift beschreven gunstige effecten van maatregelen om de
luchtvochtigheid aan de huid van een patiënt met reumatoïde artritis te
verlagen, rechtvaardigen onderzoek op grotere schaal.

6 De stelling “Koud en vochtig is slecht, warm en droog is goed voor
reumapatiënten” is op patiënten met reumatoïde artritis alleen van toe-
passing voor zover het de vochtigheid betreft.

7 Bij onderzoek naar effecten van het “weer” zoals dat heerst aan de huid,
dienen de onderzochten in te stemmen met frequente meting van dit weer
aan hun zowel onbedekte als bedekte huid. Het alternatief is dat zij onge-
kleed buitenshuis verblijven gedurende de gehele onderzoeksperiode.

8 De krachtige en frequente inspiratiepogingen die worden waargenomen
tijdens een sterke aangehouden longdeflatie zijn, in tegenstelling tot wat
in leerboeken beweerd wordt, niet alleen het gevolg van het wegvallen
van de stimulatie van de longrekkingsreceptoren; stimulatie van longre-
ceptoren waarvan de afferente actiepotentialen via niet-gemyeliniseerde
vezels in de n. vagus worden geleid, brengen de inspiratieactiviteit tot ver
boven het niveau dat gezien wordt na vagotomie. (Patberg WR 1983. Pflügers
Arch 398: 88-92)

9 Evenmin als kleren de man maken, maakt geleerdheid de wijze.

10 Zonder voorzorgsmaatregelen is het doorstaan van de oppositie voor een
promovendus met reumatoïde artritis een peulenschil vergeleken met het
ondergaan van de aanslagen die tijdens de daaropvolgende receptie wor-
den gedaan op wat nog over is van de hand die de felicitaties in ontvangst
neemt.

Stellingen behorend bij het proefschrift Weather and rheumatoid arthritis. The role of the micro-
climate near the skin van Wiebe R. Patberg, te verdedigen op 16 februari 2005




