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ABSTRACT

ARTICLE HISTORY

Objective: The ExPRO (External factors influencing patient reported outcomes of patients
with malignant diseases) study explored associations between QoL data and environmental
factors on the day of questionnaire completion: mean temperature, sunshine hours, season,
and lunar phase.

Methods: We undertook a cross-sectional analysis of baseline data in the prospective cohort
study at two cancer centers in eastern Germany. From December 2020 to December 2021,
cancer patients completed the EORTC QLQ-C30 questionnaire upon admission. Statistical
analysis was performed to explore associations between QoL data and environmental fac-
tors, including temperature, sunshine hours, season, and lunar phases.

Results: We received 5040 responses (54% male). QoL scores were highest at 25-30°C and
lowest at 5-10°C (mean 61.3 vs. 52.6, p <0.001). Insomnia was highest at <0°C and lowest
at 25-30°C (mean 39.3 vs. 29.5, p <0.001). QoL was highest with 8 hours of sunshine and
lowest with 0 hours (mean 56.9 vs. 50.9, p = 0.003).

Conclusion: Higher temperatures, more sunshine, and summer seasons are associated with
higher QoL in cancer patients, while lower temperatures and reduced sunlight are associ-
ated with poorer QoL. These findings highlight the need to consider environmental factors
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in PRO assessments.

1. Introduction

The QoL of cancer patients is influenced not
only by the course of their disease and potential
adverse effects of their treatment, but also by
external factors such as family relationships and
financial risks (1). In addition, there is a common
belief among both healthy and ill individuals that
environmental factors, including current weather
conditions (e.g., sunshine, temperature), seasonal
variations, and even lunar phases, may affect
their well-being, particularly in relation to sleep
disturbance.

A large body of literature is devoted to the
impact of climate on human health. A recent

study demonstrated that weather-related changes
limit social activities of patients with sickle cell
disease (2). Another study reported that weather
conditions affect the QoL reported by patients
with trigeminal neuralgia (3). Even cancer inci-
dence can exhibit seasonal patterns, as seen in
breast cancer, where diagnoses tend to increase
during spring and autumn (4). Moreover, a
recent study highlighted the impact of environ-
mental factors, such as light and humidity on
breakthrough cancer pain in advanced cancer
patients (5). Additionally, a study on women sug-
gested that an increased sun exposure during
summer months may lower the risk of ovarian
cancer (6). Another study supports that sun
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exposure, especially sun induced vitamin D,
improves cancer prognosis (7).

All these results strengthen the idea that QoL
in cancer patients may also show weather
dependency. Given that cancer patients, especially
those who are terminally ill, have impaired
physiological capacity, they may be more vulner-
able to weather conditions. This highlights two
important considerations for research and patient
care. First, in studies using self-reported QoL,
prevailing  weather conditions should be
accounted for to ensure they do not skew the
results, as weather could act as a confounding
factor. Second, understanding how weather
affects QoL could guide interventions to improve
the well-being of cancer patients by adjusting
their environment or providing targeted support
during adverse weather conditions. Given the
substantial global burden of cancer, expanding
our understanding of all factors, including wea-
ther, that influence the QoL and symptom bur-
den of cancer patients is critical to advancing
research and enhancing patient care.

If an association between weather variables
and PROs in cancer patient QoL is established, it
would be beneficial to consider climatic condi-
tions when interpreting PROs in broader research
contexts. Identification of potential influencing
factors and, if necessary, development of appro-
priate interventions are essential steps to improve
the future QoL of these patients. Therefore, this
investigation aims to elucidate the impact of cli-
matic conditions on QoL in this patient
population.

2. Methods
2.1. Study design and data collection

We conducted a prospective cohort study to
assess QoL wusing the EORTC QLQ-C30 in
German cancer patients. During the assessment
period (December 1, 2020, to December 31,
2021), inpatients and outpatients with various
types of cancer were recruited at two tertiary can-
cer centers in eastern Germany (Helios Klinikum
Bad Saarow and Universitatsklinikum
Greifswald). On the day of admission, patients
received an information sheet about the study
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and were invited to anonymously complete the
EORTC QLQ-C30 questionnaire.

Anonymous data on sex, age, and place of resi-
dence were collected alongside each EORTC
QLQ-C30 form. The majority of our patients
were located in the districts around Bad Saarow,
east of Berlin, and Greifswald on the Baltic coast.
Medical information, including treatment details
and disease status, was not included.

2.2. Outcome measures

To assess QoL and symptom burden, PRO instru-
ments have been increasingly used in clinical prac-
tice (8). PRO measures are a valid method to elicit
patients’ own perceptions of their well-being, pro-
viding a patient-centered view of their subjective
experiences (9). The European Organization for
Research and Treatment of Cancer (EORTC)
QLQ-C30 Health-Related Quality of Life question-
naire is one of the most widely used PRO instru-
ments to assess health-related quality of life in
cancer patients (10).

The QLQ-C30 consists of 30 items covering five
function scales (physical, role, cognitive, social, and
emotional functioning), three symptom scales
(fatigue, nausea/vomiting, and pain), five single-
item symptom scales (dyspnea, insomnia, appetite
loss, constipation, and diarrhea), a single-item scale
for financial difficulties impacted by the disease
and treatment, and a global health/QoL scale com-
posed of two items. Higher scores on functioning
scales indicate a higher level of functioning, while
higher scores on symptom scales imply a higher
symptom burden. The QLQ-C30 functional, symp-
tom, and finance scale items are scored on a four-
point scale including the following levels: “Not at
all”, “A little”, “Quite a bit”, and “Very much”.
The global QoL scale is composed of two items,
which are scored from 1 to 7 with a score of 1 rep-
resenting “very poor” and 7 indicating “excellent”.

We focused on three function scales (physical,
emotional, and cognitive functioning), three
symptoms (fatigue, pain, and insomnia) as well
as the global health/QoL score. These scales were
chosen due to the relevance of these symptoms
for cancer patients base on our clinical
experience.
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2.3. Data analysis

In preparation for statistical analysis, several steps
were undertaken to manage and categorize the
raw data.

2.3.1. Data management

Daily mean temperature data for the patients’
districts of residence, including weekends, were
obtained from https://meteostat.net, reflecting the
average recorded on the specific day the QoL
assessment was completed. The analysis focused
on specific weather parameters: temperature, sun-
shine duration, and season. Each QoL assessment
was associated with the prevailing weather condi-
tions in the districts where the patients resided
on that particular day. Lunar phases (full moon
vs. new moon) were additionally included in the
analysis.

June, July, and August were counted as sum-
mer months. December, January, and February
were counted as winter months. We categorized
the following groups: Hours of sunshine per day:
0-<=2, 2-<=4, 4-<=6, 6-<=8, 8-<=10, 10-
<=12. Temperature (C°): <=0, 0-<=5,
5-<=10, 10-<=15, 15-<=20, 20-<=25, 25-
<=30, 30-<=35. No confounding factors were
examined in this analysis.

We calculated mean scores for each subscale of
the QLQ-C30 (e.g., physical functioning, emo-
tional functioning), which were transformed into
a standardized scale ranging from 0 to 100
according to the QLQ-C30 scoring manual (11).
The transformation of raw scores from the QLQ-
C30 subscales to a 0-100 scale follows a specific
formula outlined in the scoring manual. For
functional scales, where higher scores indicate
better functioning, the formula is:

Transformed score

= (range of scores — raw score/minimum score) x 100.

For symptom scales, where higher scores indi-
cate worse symptoms, the formula is slightly
adjusted so that a higher score reflects greater
symptom burden.

This linear transformation ensures that all
scores are comparable on a 0-100 scale, where a
score of 0 represents the lowest possible outcome
(indicating the poorest functioning or absence of

symptoms), and a score of 100 represents the
highest outcome (indicating the best functioning
or the most severe symptom burden).

2.3.2. Statistical analysis

We undertook descriptive analyses to summarize
the socio-demographic profile of the cohort,
including sex and age, as well as the weather var-
iables and the QoL measures from the EORTC
QLQ-C30 using numbers and proportions, means
and standard deviations, or medians and inter-
quartile range, as appropriate for the type of
data.

We tested the association between each of the
weather variables and the QoL measures including
the global health/QoL and the following subscales:
physical functioning, emotional functioning, cog-
nitive functioning, fatigue, pain, insomnia. QoL
scores were calculated using the R software envir-
onment, while statistical analyses were conducted
using SAS 9.4 (SAS Institute).

The SAS procedure NPARIWAY was applied. We
first used the Kruskal-Wallis test to identify differen-
ces between more than two groups. Subsequently,
pairwise multiple comparisons were carried out using
the two-tailed unpaired Wilcoxon rank-sum test.
P-values were calculated, and differences were consid-
ered statistically significant at P <0.05.

2.4. Ethical approval

The study was approved by the ethics committee of
the University Hospital of Greifswald (BB195/20).
No identifying patient information was collected.

3. Results

We received a total of 5040 responses. The mean
age was 64 years. Most patients were male (54%).

3.1. QoL by temperature (°C)

Table 1 illustrates the relationship between QoL
and temperature. Regarding global health/QoL,
best results were reported at 25-30 degrees, the
lowest value was measured at 5-10 degrees (61.3
vs. 52.6, P <0.001).

Insomnia was most pronounced at <=0
degrees and least evident at 25-30 degrees (39.3
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Table 1. EORTC QLQ-C30. Mean scores (M)/standard deviations (SD) by scales/symptoms stratified by temperature.

Temperature (°C) <=0 0-<=5 5-<=10 10-<=15 15-<=20 20-<=25 25-<=30 30-<=35 p-value*
M SD M SD M SD M SD M SD M SD M SD M SD

Function Scales

Physical functioning 70.1 245 676 255 653 264 651 260 669 254 664 258 688 242 657 265 0.084

Emotional functioning 66.1 254 657 251 66.1 262 652 261 679 244 674 255 700 230 675 243 0.202

Cognitive functioning 76.7 248 759 256 742 275 755 263 772 254 772 257 785 242 792 247 0.167

Symptom Scales

Fatigue 418 276 434 263 450 284 452 276 430 270 424 282 410 257 427 280 0.183

Pain 328 291 358 308 362 313 350 305 319 302 323 297 297 295 307 291 0.002

Insomnia 393 310 387 322 385 320 355 315 337 303 329 311 295 295 375 290 p<0.001

Global health/QoL 578 235 557 240 526 255 541 250 562 246 578 254 613 240 586 275 p<0.001

*p-values from Kruskal-Wallis Test.

Table 2. EORTC QLQ-C30.

Sunshine (h) 0-<=2 2-<=4 4-<=6 6-<=8 8-<=10 10-<=12 >12 p-value*

M SD M SD M SD M SD M SD M SD M SD

Function Scales

Physical functioning 65.0 26.1 67.5 26.3 67.3 25.7 65.5 25.2 66.0 24.8 68.2 243 63.2 25.8 0.30

Emotional functioning 62.9 27.1 66.7 26.1 65.8 251 67.1 220 67.5 23.8 67.0 250 64.5 26.2 0.15

Cognitive functioning 721 285 783 260 756 264 765 233 775 23.5 76.7 25.5 755 267 0.01

Symptom Scales

Fatigue 46.2 28.0 41.8 274 447 27.8 45.0 27.2 43.9 274 45.8 25.5 449 28.7 0.02

Pain 38.6 322 333 31.0 35.2 29.9 335 29.2 34.2 30.6 313 29.5 355 316 0.04

Insomnia 413 335 349 329 393 308 340 286  33.1 30.2 344 29.9 329 310 p<0.001

Global health/QoL 50.9 26.3 56.0 24.8 55.6 243 56.3 223 56.9 244 54.8 234 529 26.0 p <0.001

*p-values from Kruskal-Wallis Test.

Mean scores (M)/standard deviations (SD) by scales/symptoms stratified by hours of sunshine (h/day).

vs. 29.5, P<0.001). Pain was most prominent at
5-10 degrees and lowest at 25-30 degrees (36.2
29.7, P 0.002). Overall, best values were
obtained at 25-30 degrees, while QoL, pain and
insomnia were worst at 5-10 degrees.

VS.

3.2. QoL by hours of sunshine

As shown in Table 2, insomnia was least pro-
nounced during days with lots of sunshine, show-
ing lowest values at 12hours of sunshine and
highest values at Ohours of sunshine (32.9 vs.
41.3, P 0.0003). Global health/QoL was highest at
8 hours of sunshine and lowest at 0 hours of sun-
shine (56.9 vs. 50.9, P 0.003).

Pain was most pronounced at 0hours of sun-
shine and least pronounced at 10-12hours of
sunshine (38.6 vs. 31.3, P 0.04). Cognitive func-
tioning was lowest at 0-2hours of sunshine and
highest at 2-4hours of sunshine (P 0.01).
10 hours of sunshine was associated with higher
physical and emotional functioning; however,
these results were not statistically significant.

3.3. QoL by seasons

We found no association between season and the
individual scales of QoL. Global QoL was higher

in summer months than during wintertime
(mean 57.5; SD 25.1 vs. 53.8; SD 25.2, P <0.001).

3.4. QolL/symptom burden across lunar phases

Given that both the full moon and new moon
occur approximately every 14days, our study
group for this analysis comprised 360 participants
(5040/14). Neither QoL nor various symptoms

were influenced by lunar phases, including
insomnia (data not shown) in our study
population.

4. Discussion

The collection of PRO data enables healthcare
professionals to evaluate patients’ health and
well-being. However, the conditions under which
PRO data are gathered can impact the results.
Considering that PROs are typically influenced
by psychological and social factors, accounting
for the potential effects of external factors such
as weather provides a more comprehensive
understanding of PROs and QoL in cancer
patients. This consideration enhances the overall
interpretation of PROs and facilitates their appli-
cation in research studies.
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Given that climate change is likely the greatest
global health threat of the 21st century, it is
increasingly important to understand the poten-
tial impact of current weather conditions on the
QoL. Until now, no studies have attempted to
investigate the relationship between weather con-
ditions and PROs in cancer patients. Therefore,
our study aimed to determine whether such
external factors influence the QoL and PRO
measures in this population. Our findings indi-
cate that QoL in cancer patients may be affected
by a range of weather-related conditions.

Our results show that global health/QoL was
lower in winter than in summer, with the highest
scores being documented in June and July. All in
all, patients” well-being was best at 25-30 degrees,
whereas worse scores for QoL and symptom bur-
den were obtained at 5-10 degrees. Surprisingly,
insomnia was most pronounced below 0 degrees.
Since the temperature is rather rarely below 0
degrees, this could also be related to fewer evalu-
ations. Nevertheless, it still seems unusual that
insomnia was worse in the winter than in the
summer as most European households lack air
conditioning and the hot temperature can have a
negative influence on one’s sleep (12). A possible
explanation could lay in the fact that our data
was collected in the height of the COVID-19
pandemic. Especially in the first few months of
our study (winter 2020/2021), the pandemic was
still very present, therefore we cannot exclude
that patients struggled to sleep due to anxiety.

Our findings align with those of other studies
indicating the impact of weather on patients’
symptoms in general. For example, weather-
related changes and temperature have been
reported to affect the QoL of patients with trige-
minal neuralgia, as previously noted (3).
Nevertheless, our study was primarily centered
on the weather of a specific day rather than on
changes in weather.

When analyzing the possible impact of sun-
shine, a tendency for fewer symptoms with
greater sunshine duration was observed. This
trend may be explained by the role of sunlight in
regulating melatonin  production. Increased
exposure to sunlight during the day can help syn-
chronize the body’s circadian rhythms, leading to
improved sleep quality (13,14).

Previous research also indicates that there are
seasonal variations for some cancer forms regard-
ing the prognosis. Patients diagnosed during the
summer and autumn have been shown to have
better survival compared to those diagnosed dur-
ing the winter (7,15). Furthermore, studies have
demonstrated that depression is more prevalent
during the winter months, while depressive
symptoms decline in spring and summer time
(16). In our study, patients had lower global
health/QoL during the winter, when sunshine
duration has a natural and rather narrow limit.

Cognitive functioning was lowest at 0-2hours
of sunshine and highest at 2-4hours, a result
that, while significant, may be due by chance.
Although there appears to be a positive trend in
cognitive functioning with greater sunshine, the
inconsistency between functioning at
Ohours and higher functioning at 2hours raises
questions about the validity of this finding.

Although the daily weather varies throughout
the year, the climate in our region (east and
northern Germany) is generally mild compared
to other countries. The effects of weather could
therefore be greater in places with more extreme
conditions. The following diagram, Figure 1,
shows the average temperature (C°) in
Greifswald, which is comparable to other neigh-
boring counties our patients resided in.

Our investigation revealed an impact of wea-
ther conditions, while lunar phases did not dis-
play statistically significant effects. This differs
from previous research indicating lunar phases
influence sleep (17) and even aortic dissection
(18). We did not identify significant effects of

lower
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Figure 1. Average temperature (C°) in Greifswald, Germany.
Source: wetterkontor.de.



lunar phases on the QoL or symptom burden of
cancer patients.

4.1. Possible interventions

Based on our findings demonstrating the impact
of weather conditions on QoL and symptom bur-
den of cancer patients, several healthcare strat-
egies could be considered for enhancement.
Hospitals and healthcare facilities could educate
patients on the potential effects of weather condi-
tions and offer tailored support, such as using
light therapy devices during darker months to
improve sleep and mood, to more effectively
manage symptoms like insomnia.

Clinical staff could provide weather-dependent
recommendations to help preserve patient QoL,
particularly during colder or extreme weather
periods. This might involve adjusting the sched-
uling of appointments or activities to align with
favorable weather conditions. Seasonal care plans
could be developed to optimize patient support
during winter months, when QoL tends to
decline, by incorporating supplementary resour-
ces and tailored strategies. For example, recom-
mendations could include scheduling outdoor
activities on sunnier days to enhance mood and
physical functioning, while offering indoor, low-
impact alternatives during colder or harsher wea-
ther conditions.

Moreover, hospitals could adapt their architec-
tural and design principles accordingly, as previ-
ously suggested (19,20). Specifically, integrating
natural light into patient rooms can have sub-
stantial benefits for patient well-being. Studies
have shown that exposure to natural light not
only promotes better psychosocial health but also
reduces the need for pain medication (21).
Flexible room layouts and climate control systems
could also be employed to address seasonal tem-
perature fluctuations and create a more condu-
cive healing environment.

These insights provide a foundation for further
research aimed at developing targeted interven-
tions to enhance the QoL of cancer patients
based on weather conditions, thereby improving
overall health outcomes. Through proactive inte-
gration of weather data and corresponding
adjustments in healthcare practices, better
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treatment outcomes could be achieved, leading to
maintainable enhancements in patient QoL.

Our study emphasizes the need to consider
weather variables in data analysis to gain a
deeper understanding of the interactions between
environmental factors and health conditions.
Future studies may develop standardized methods
to adjust for weather variables to enhance the
robustness of their findings and improve clinical
practice. By integrating weather data into QoL
research, a more comprehensive understanding of
patient experiences can be achieved, enabling the
development of targeted interventions.

4.2. Strengths and limitations

One strength of our study is the large number of
participants we were able to recruit. Over a
period of one year, we were able to collect more
than 5000 questionnaires. Furthermore, weather
data were collected in various residential areas
making it as representative as possible for the
entire study area. We acknowledge the dynamic
nature of weather conditions, which can fluctuate
within a single day. Furthermore, we recognize
that the specific timing of participants filling out
the questionnaire may not perfectly align with
the moment when weather data was captured.
Nevertheless, our data exhibits a discernible trend
suggesting the impact of weather on PROs.

Due to the anonymous nature of data collec-
tion, medical record information such as treat-
ment details or disease status was not included.
While these factors are often considered con-
founding variables, in our study, they should be
viewed as potential effect modifiers or mediators.
However, we do not believe that clinical factors
confound our analysis. Instead, a relationship
may exist between weather conditions and the
disease courses, as patients experiencing poorer
health might be less likely to attend appointments
during adverse weather, such as extreme cold or
winter months. Consequently, the absence of cer-
tain clinical variables does not inherently bias our
findings regarding the impact of weather on
patients’ QoL.

We couldn’t examine potential mediating fac-
tors such as housing conditions, health literacy,
or daily activities, all of which would offer
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valuable insights for providing practical guidance
to patients in coping with weather-related
changes in QoL. However, self-reported health
can offer comprehensive insights into an individ-
ual’s overall health status in general (22). In add-
ition, our analysis was based on outdoor weather
data, although cancer patients likely spend most
of their time indoors. However, indoor climatic
conditions, including temperature, have been
shown to be associated with outdoor climate con-
ditions (23).

The study was conducted solely at two hospi-
tals in Eastern Germany. We acknowledge that
including more clinics and a wider geographical
area would be necessary to achieve a more com-
prehensive understanding of the impact of wea-
ther on PROs. However, our data still indicate
the influence of weather on PROs.

We are unable to determine the distinct num-
ber of patients who participated, as the survey
was conducted anonymously, and it is possible
that some patients completed the questionnaire
more than once during multiple hospital admis-
sions. While this constitutes a methodological
limitation, we do not view it as bias, as there is
no anticipation that multiple participations by
patients are distributed unevenly throughout the
year, as with singular participations.

We acknowledge that using “season” as a meas-
ure is somewhat imprecise because weather condi-
tions can vary significantly between days, even
when they fall within the same season. For
example, winter-like conditions can persist at the
beginning of March, despite the official start of
spring. We chose seasons for practical reasons, as
they provide a general framework for analyzing
trends over time. However, using specific days of
the year or more granular data would likely offer a
more accurate reflection of short-term weather pat-
terns. Despite this limitation, our results still sug-
gest that seasonality plays a role in QoL outcomes.

While weather can influence symptom severity,
its effects may vary depending on geography and
exposure. This variability poses challenges for
generalizing findings across populations and
complicates comparisons. We acknowledge that
incorporating weather or climate data into the
interpretation of PROs may add complexity to
QoL analyses. However, considering weather as a

contextual factor could offer valuable insights
into external influences on PROs. Although
health variables should remain central, weather
could enhance our understanding of patient expe-
riences. Further research is needed to integrate
this approach effectively.

Our analytic strategy was limited by the data
available. We acknowledge that with multiple pair-
wise comparisons, some of the statistically signifi-
cant findings may have occurred by chance alone.
Nevertheless, a major objective of this study was
hypothesis generation to guide future research,
with the analysis appropriate for that purpose.

Furthermore, only selected symptoms were
included to maintain clarity and specificity.
While these choices allowed for a focused investi-
gation, we acknowledge the importance of all
scales in capturing the full scope of QoL in can-
cer patients and recommend their inclusion in
future research to provide a more comprehensive
understanding of the relationship between envir-
onmental factors and QoL.

5. Conclusions

This study aimed to explore the potential impact
of external factors, such as weather conditions or
phases, on QoL in cancer patients assessed
through PROs. Our findings indicate that higher
temperatures, sunny days, and summer seasons
correlate positively with patients’ well-being,
whereas lower temperatures and reduced sunlight
are associated with poorer QoL. These findings
underscore the importance of contextualizing
PROs with environmental conditions.
Interpreting PROs should consider external
environmental factors, acknowledging the con-
text-specific nature of standardized assessments,
which may vary across different geographic and
climatic settings. We advocate for the consider-
ation of potential interventions, as previously dis-
cussed, to mitigate the impact of weather-related
conditions on patient outcomes. Our study serves
as a hypothesis-generating investigation in a field
that currently lacks comprehensive data. Future
research should expand on our findings by con-
ducting multicenter studies with even larger sam-
ples across diverse geographical regions to
deepen our understanding about the complex



interactions between environmental factors and
PROs in oncology.
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