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Comparing data from different years and the time of year during which data are collected can affect
respondents’ answers or health status. This study investigated the possible association between
seasonality and the self-reported health-related quality of life (HRQoL) of patients with coronary artery
disease (CAD) during rehabilitation and at a 2-year follow-up. The study included 1026 respondents
(79% men; mean age 56 +9 years). Baseline characteristics covered socio-demographic, clinical factors,
and psychological assessments using the Hospital Anxiety and Depression Scale. HRQoL was evaluated
using the 36-item Short Form Medical Outcome Questionnaire (SF-36) and the Minnesota Living with
Heart Failure Questionnaire (MLHFQ). The MLHFQ data were collected longitudinally. The results of
the multivariable linear regression confirmed a potential association between seasonality and self-
reported HRQoL as assessed during cardiac rehabilitation period in patients with CAD. According to the
SF-36, the summer season was associated with improved mental health outcomes, while the winter
season was significantly linked to better scores in the pain domain. Based on the MLHFQ data, the
winter season was associated with better overall HRQoL both during rehabilitation and at the 2-year
follow-up. Similarly, the MLHFQ physical dimension showed better scores in winter at the 2-year
follow-up, but not at baseline.
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Coronary artery disease (CAD) remains a significant public health concern', with negative implications for
health-related quality of life (HRQoL). CAD is a chronic disease with many physical, psychological, social, and
economic issues that affect the patient’s adherence to treatment guidelines. CAD has an impact on an individual’s
physical, emotional, and social functions, which prevents them from being happy with their lives and lowers their
quality of life2. HRQoL is a patient-reported outcome that represents the functional impact of an illness and its
subsequent therapy on a patient’s daily life as perceived by the patient®. The assessment of HRQoL is encouraged
both in research studies and in the clinical care of patients with CAD. There is evidence that poor HRQoL,
rather than more conventional risk factors, can predict negative health outcomes in patients with CAD, such as
cognitive decline, mortality, and subsequent hospitalization*-”. Due to the growing importance of HRQoL in the
management of individuals with cardiac pathologies, it is encouraged to consider not only identifying the main
risk factors associated with impaired quality of life in this population but also assessing other factors that may
also contribute to the HRQoL assessment score®~10,

Several human physiology and behavior elements are known to exhibit seasonal fluctuations, which can
be attributed to the mid-to-long-term influences of meteorological conditions and non-atmospheric factors
such as environmental conditions or socioeconomic status!'!13. Seasonality, the systematic periodicity of events
over the course of a year, is a well-known phenomenon in the life and health sciences'*. The changes in the
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seasons cause changes in many environmental and social variables. These changes are repeated year after year
and create a natural experiment for studying links between seasonal exposure and disease!®. Seasonality has
been well documented to influence cardiovascular events'®, emotional and psychiatric disorders!’, and many
rheumatic diseases'®. Comparing data from different years and the time of year during which data are collected
can affect respondents’ answers or health status'®. A recent study showed how much variation there is by month
in happiness and life satisfaction data?®. Although numerous studies have examined HRQoL until now, little
is known about the impact of seasonality on self-reported HRQoL in patients with CAD!'*2!. According to
evidence in the literature, patients with heart disease are more vulnerable to environmental triggers. Therefore,
in patients with CAD, seasonality might have a more pronounced impact on HRQoL. For instance, cold weather
can lead to increased blood pressure and heart rate due to blood vessel constriction??. This added strain on the
cardiovascular system can exacerbate symptoms such as chest pain and shortness of breath, which negatively
affects HRQoL. Fluctuations in sunlight exposure during different seasons can affect mood and mental health,
with studies showing a correlation between mental illness and cardiovascular disease?>. All the above and other
factors can exacerbate symptoms, leading to a decline in HRQoL during certain seasons.

As mentioned above, we hypothesized that the seasonal variation is associated with the subjective report of
HRQoL. Our study aimed to investigate the possible association with seasonality on the self-reported HRQoL of
patients with CAD during rehabilitation and at a 2-year follow-up.

Results
Baseline and follow up characteristics of study variables
Baseline sociodemographic variables, clinical characteristics, and HADS scores are presented in Table 1.

The majority (81%, n=3834), of the participants had NYHA functional class II, and 11% (n=113) were
NYHA functional class III. There were no patients classified as NYHA IV class in this study. The prevalence of
patients with anxiety disorder risk (HADS-A score>8) and depressive disorder risk (HADS-D score>5) was
30% (n=303) and 33% (n=340), respectively. The HRQoL scores, as reported using SF-36 and MLHFQ are
shown in Table 2.

Associations between health-related quality of life and seasons

Table 3 presents the results of the univariate analyses, where potential predictors were screened. We hypothesized
that the seasonal variation is associated with the subjective report of HRQoL. To investigate independent
associations the multivariable linear regression analysis, which controlled for sex, age, NYHA classification, and
mental distress symptoms was performed. Variables with a p-value less than 0.1 were identified in the univariate
analyses for further inclusion in the multivariate analysis.

Even though not all variables showed significance in every season, separate multivariable linear regression
models were constructed for each season to explore how the relationships between predictors and outcomes
might vary due to seasonal factors. It should be noted that a higher NYHA class indicates a more severe
condition, and participants classified as NYHA class III were more likely to report poorer total HRQoL scores
during rehabilitation and poorer total and physical HRQoL scores at the 2-year follow-up.

N=1026
Characteristics | Mean + SD
Age, years 56.97£9.12
n (%)
Sex
Male 809 (78.8)
Female 217 (21.2)
Angina 280 (27)
pectoris
Acute
myocardial 641 (62.5)
infarction
Previous
myocardial 105 (10.2)
infarction
NYHA class
1 79(7.7)
il 834 (81.3)
111 113 (11.0)
HADS-A>8 303 (29.5)
HADS-D>5 340 (33.1)

Table 1. Baseline characteristics of all study participants. NYHA New York Heart Association functional class;
HADS-A Anxiety subscale of the Hospital Anxiety and Depression Scale; HADS-D Depression subscale of the
Hospital Anxiety and Depression Scale.
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Assessment time-points ‘ Domains Scores (mean + SD)
SF-36 (N=1026)
Physical functioning 70.00+19.16
Role limitation due to physical problems | 31.21+37.50
Role limitation due to emotional problems | 55.65+43.57
Baseline Social functioning 67.83+25.92
Mental health 69.47+£18.58
Energy/Vitality 60.15+20.49
Pain 52.13+27.47
General health perception 53.87+18.72
MLHFQ (n=925)
Total 30.45+19.09
Baseline Physical 12.39+8.86
Emotional 5.54+5.08
Total 25.21+15.18
After 1 year Physical 10.14+7.69
Emotional 4.47+4.15
Total 26.50+15.61
After 2 years Physical 10.78 £7.92
Emotional 4.77+4.32

Table 2. Health-related quality of life during rehabilitation and at a 2-year follow-up. HRQoL Health-Related
Quality of Life; MLHFQ Minnesota Living with Heart Failure Questionnaire; SF-36 Short Form Medical
Outcome Questionnaire.

Dependent variables Winter Spring Summer | Autumn
SF-36, (baseline, N=1026)

B=-0.009 | B=-0.065 | p=0.064 |p=-0.019
p=0.782 | p=0.036 |p=0.039 |p=0.547
B=0.072 |B=-0.006 | p=—0.031 | p=—0.034
p=0.021 |p=0856 |p=0327 |p=0.284

Mental health

Pain

Minnesota HRQoL (n=925)

Baseline B=-0.058 | p=0.048 |B=—0.011 | p=0.012
Total p=0.077 |p=0.144 [p=0729 |[p=0.705
After 2 years B=-0.057 | p=—0.051 | p=0.001 f=-0.002
Total p=0.082 |p=0.122 |p=0985 |p=0942
After 2 years B=-0.080 | B=0.075 |p=-0.004 | p=—0.010
Physical p=0.015 |p=0.023 |p=0904 |p=0.757

Table 3. Results of univariate analysis of potential predictors of HRQoL (p <0.1) for inclusion in the
multivariable analysis. HRQoL Health-Related Quality of Life; MLHFQ Minnesota Living with Heart Failure
Questionnaire; SF-36 Short Form Medical Outcome Questionnaire. Significant values are in bold.

Analysis revealed a significant seasonal influence on subjective scale score according to the SF-36 (Table
4). Specifically, findings indicated that the summer season ($=0.066, 95% CI — 0.05 to 0.18, p=0.010) was
positively associated with improved mental health outcomes. The winter season was significantly linked to
better assessments within the pain domain (f=0.071, 95% CI - 0.13 to 0.27, p=0.019), reflecting reduced pain
intensity and fewer limitations in daily activities due to pain.

In the multivariable linear regression analysis, controlling for same confounders, but using MLHFQ as an
outcome measure, was a trend of association observed between winter and better HRQoL (=~ 0.056, 95% CI
- 0.19 to 0.08, p=0.054 at baseline, p=-0.059, 95% CI - 0.17 to — 0.05, p=0.050 after 2 years), suggesting that
patients reported slightly fewer health-related limitations in winter compared to other seasons. In the assessment
period after 2 years, but not at the baseline, winter was associated with significantly better physical HRQoL
(B=-10.081, 95% CI - 0.14 to — 0.02, p=0.008), suggesting that patients experienced fewer physical limitations
in winter. Conversely, spring ( =— 0.065, 95% CI 0.00 to 0.12, p=0.032) had a small negative impact, indicating
slightly worse physical HRQoL in spring compared to other seasons. For additional visual representation of
MLHFQ scores during rehabilitation and at the 2-year follow-up, see Supplementary Fig. 1.
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Dependent variables | R? Sex Age NYHA HADS-A HADS-D Winter Spring Summer
SF-36
0.352 | B -0.113 0.073 0.045 -0.358 -0.275 - 0.045
95% CI | (- 0.23,-0.01) | (- 0.04,0.19) | (- 0.07,0.16) | (- 0.50, — 0.21) | (- 0.41, - 0.13) (- 0.16,0.07)
Mental health P <0.001 0.006 0.083 <0.001 <0.001 0.075
0.354 | B -0.118 0.077 0.050 -0.355 -0.277 0.066
95% CI | (- 0.24, - 0.01) | (- 0.047, 0.20) | (- 0.06, 0.16) | (~ 0.50, — 0.20) | (- 0.42, —0.13) (- 0.05, 0.18)
P <0.001 0.004 0.052 <0.001 <0.001 0.010
Pain 0.065 | B -0.071 - 0.004 -0.026 -0.143 —-0.094 0.071
95% CI | (- 0.29,0.14) | (- 0.22,021) | (- 0.23,0.18) | (- 0.40,0.11) | (-0.35,0.16) | (-0.13,0.27)
p 0.029 0.909 0.403 <0.001 0.013 0.019
Minnesota HRQoL
0.227 | B 0.103 —-0.053 0.054 0.249 0.240 - 0.056
Baseline Total 95% CI | (- 0.04, 0.25) (-0.19,0.09) | (-0.08,0.19) | (0.07,0.42) (0.07, 0.40) (-0.19, 0.08)
P <0.001 0.082 0.068 <0.001 <0.001 0.054
0.176 | B 0.051 - 0.064 0.191 0.224 0.154 —-0.059
After 2 years Total 95% CI | (- 0.07,0.17) | (- 0.18,0.05) | (0.07,0.30) | (0.08,0.36) (0.01,0.29) (- 0.17,0.05)
P 0.109 0.044 <0.001 <0.001 <0.001 0.050
0.169 | B 0.068 0.000 0.172 0.211 0.151 -0.081
95% CI | (0.00, 0.13) (- 0.06,0.06) |(0.11,0.23) | (0.13,0.28) (0.07,0.22) (- 0.14,- 0.02)
After 2 years Physical P 0.033 0.994 <0.001 <0.001 <0.001 0.008
0.167 | B 0.076 -0.007 0.174 0.205 0.150 0.065
95% CI | (0.01,0.13) (- 0.07,0.05) |(0.11,023) |(0.13,0.27) (0.07,0.22) (0.00,0.12)
p 0.018 0.815 <0.001 <0.001 <0.001 0.032

Table 4. Significant standardized regression coefficients () for the effect of seasons on HRQoL, as measured
using the SF-36 and MLHFQ questionnaires. NYHA New York Heart Association functional class; HADS-A
Anxiety subscale of the Hospital Anxiety and Depression Scale; HADS-D Depression subscale of the
Hospital Anxiety and Depression Scale; MLHFQ Minnesota Living with Heart Failure Questionnaire; SF-36
36-Item Short Form Medical Outcome Questionnaire; HRQoL Health-Related Quality of Life. Sex: 1 =M;
2=W. NYHA—dummy variables—“0”—1-2 class; “1”—3 class; age, anxiety, depression—interval variables;
seasons—dummy variables—winter/spring/summer — 0 =No; 1= Yes. Significant values are in bold.

Discussion

Our study aimed to investigate the possible association between seasonality and the self-reported HRQoL of
patients with CAD. We found seasonal variations in the self-assessment of both generic and disease-specific
HRQoL. Our findings highlight these seasonal differences, with winter showing potential benefits, especially for
physical health. The winter season was associated with lower pain intensity and fewer pain-related limitations in
daily activities (according to the SF-36 domains), and with a slightly better HRQoL compared to other seasons,
as measured by the MLHFQ. Specifically, at baseline and after 2-years (according to the MLHFQ domains),
winter showed a trend towards fewer health-related limitations. After 2 years, winter was significantly associated
with better physical HRQoL, indicating fewer physical limitations. On the other hand, spring was associated
with a small negative impact on physical HRQoL, suggesting slightly worse physical well-being in the spring
compared to other seasons. Moreover, the summer season was associated with a better assessment of generic
mental health-related quality of life in patients with CAD. Our study was conducted in a coastal climate region of
Lithuania, characterized by a cool spring and cool summer, a warm winter often without permanent snow cover,
a warm and rainy autumn, and slight variations in daily and annual temperatures?*. The average air temperature
in the area where the rehabilitation clinic is located and where the study was carried out is — 0.7 °C in winter,
6.1 °C in spring, 16.8 °C in summer and 8.6 °C in autumn.

The mean age of populations undergoing CR can vary based on the demographic and geographical
characteristics of the study population. However, there are general trends in recent research showing that the
average age of the predominantly post-MI and post-revascularization population ranges from 47 to 77 years?.
In our study, the mean age was 56 +9 years, which is in line with these findings.

To our knowledge, this is the first study in which the possible effect of seasonal variation associated with
general and disease-specific HRQoL was investigated in patients with CAD. Therefore, direct comparisons
with previous studies are limited. We found only three studies that examined seasonality in HRQoL!®22°, The
most recent study conducted in southern Finland with four unique seasons investigated the possible seasonal
variation in HRQoL among patients with rhinologic disease?!. There was no statistically significant seasonal
variation in either generic or disease-specific HRQoL. An earlier study conducted among the United States
population showed the opposite results: physical HRQoL was best during summer and worst during winter!.
However, mental health was worse during spring and autumn, suggesting that it was better in summer, as in
our results. Possible reasons for the differences may be related to different measurement tools, study design,
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study location and especially investigated population. The nature of rhinologic diseases differs from coronary
artery disease, where physical activity and respiratory health significantly impact HRQoL. Effective year-round
management of rhinologic conditions may prevent significant seasonal variation in HRQoL. Patients with CAD
are more sensitive to seasonal variations due to their cardiovascular condition, influencing both physical and
mental HRQoL. Differences in climate conditions and daylight hours between the U.S., Finland, and Lithuania
can influence how seasonal changes affect HRQoL. The instruments used to assess HRQoL in studies varied and
captured different aspects of physical and mental health. Differences in the sensitivity and focus of these tools
can lead to variations in reported outcomes.

Seasonality patterns are reported in mood and behavior in various mental disorders*”»*, and changes in
daylight hours are thought to be a major contributor to these seasonal variations in some symptoms!®. Some
studies show that the seasonality of mood and behavior is a dimension not distributed equally among diagnostic
categories: it is linked more with affective disorders than with pure anxiety disorders®’; the greater seasonality
of symptoms is associated with more severe depression and mania?®; and depressive symptoms usually peak
in winter?””. We found that the summer season was associated with a better assessment of mental health using
a generic HRQoL instrument in patients with CAD. Meanwhile, there was no statistically significant seasonal
variation in disease-specific emotional HRQoL. We assume these results are due to the different nature of
questions in two different generic and disease-specific HRQoL questionnaires. While a substantial number of
persons with CAD exhibited an elevated risk of depressive and anxiety disorders; however, we modified our
results based on mental health status as assessed by HADS.

While the primary aim of this study was to examine seasonal variations in HRQoL, the results highlight
that sex and disease severity (NYHA functional class) also have a considerable impact. Women reported worse
HRQoL, which is consistent with previous studies suggesting that female patients with heart failure often
experience greater symptom burden and lower physical functioning®®. Additionally, patients classified as NYHA
functional class III experience significantly worse HRQoL outcomes associated with physical activity compared
to those in NYHA functional classes I-1I. The significant effect of NYHA functional class IIT on HRQoL aligns
with findings that more severe heart failure symptoms are strongly associated with reduced quality of life>!.

Seasonality effects depend on how an individual or community controls its exposure to and physiological
response to environmental stimuli, such as cold or heat2. Since the quality of life, pain, and physical condition
are subjective health complaints, we hypothesized that seasonal differences in our study are related more to
psychological and behavioral factors. One factor is seasonal behavioral patterns in physical activity. In winter,
people are generally less physically active, probably because of the colder weather and lack of sunlight. The
results of a recently conducted systematic review showed that physical activity increases significantly in the
summer and spring months compared to winter, and sedentary behavior follows the opposite trend>?. This occurs
independently of the countries’ climate, the characteristics, and the previous pathologies of the participants.
There is also less work in the home environment during the winter months. This may explain why patients with
CAD in our study reported some dimensions of HRQoL, mainly those associated with physical components,
better in the winter. When life is less active, people feel the impact of illness on their quality of life less strongly.

27,28

Strengths and limitations

Large sample size, longitudinal design and the use of well-validated instruments are the major strengths of our
study. The findings of this study provide important information about the long-term effects of seasonality on
HRQoL assessment in patients with CAD. Despite the consistent results, our study has limitations. Participant
recruitment from a single cardiac rehabilitation center could have subjected our results to selection bias.
Particularly, most of the patients were males, had NYHA-II functional class and all of them attended a single
in-patient center, which may limit the generalization of our results. There is a strong need for replication in more
diverse clinical samples, particularly by including more female participants. This emphasis on female inclusion
is supported by existing evidence of gender differences in cardiovascular disease outcomes®*.

Conclusions and implications

Our results confirmed a possible association with seasonality on the self-reported HRQoL assessment during
cardiac rehabilitation in patients with CAD. The association of seasonality with HRQoL was relatively minor,
which limits the straightforward clinical interpretation of the study results. The large sample size allowed the
detection of small effects, but the clinical importance of these results requires further cross-validation in future
studies. Further research is needed across diverse populations (e.g., by age, gender, and comorbidities) and
in different geographical regions to determine if certain subgroups are more affected by seasonal variations.
This would help identify whether specific demographic or clinical profiles are more vulnerable to seasonally
influenced changes in HRQoL during rehabilitation.

Materials and methods

Study design, setting and participants

This prospective observational study was designed and reported in accordance with the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology) guidelines®. The STROBE checklist was used to
ensure completeness and accuracy in the reporting of the study’s design, methodology, and results. A completed
STROBE checklist is provided in the supplementary material.

In a period from 2014 to 2024, a total of 1105 patients with CAD attending an in-patient cardiac rehabilitation
programme at the Palanga Clinic of the Neuroscience Institute of the Lithuanian University of Health Sciences
in Palanga, Lithuania, were invited to participate in this study. Detailed rehabilitation programme is described
elsewhere®. All patients participating in the study were admitted to the rehabilitation within two weeks after
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treatment for acute coronary syndromes (i.e., myocardial infarction?> or angina pectoris) and gave written
informed consent. Patients were excluded from the present study for the following conditions/reasons: a) unstable
cardiovascular status (n=>52), b) unwillingness to participate (n=24), and c) current use of benzodiazepines
(n=3). Patients taking benzodiazepines were excluded from this study to avoid potential confounding effects
on mood, sleep patterns, anxiety levels, and overall psychological well-being. Excluding such patients ensures
that the results more accurately reflect the impact of seasonality on health-related quality of life without the
interference of benzodiazepine-related effects. Following the exclusion criteria, the study population comprised
1026 (79% men and 21% women with a mean age of 56 + 9 years) patients with CAD.

All participants underwent standardized diagnostic and treatment procedures for secondary CAD prevention
based on the established guidelines®’~*°. The study was conducted according to the guidelines of the Declaration
of Helsinki for research with human beings and approved by the Ethics Committee for Biomedical Research at
Lithuanian University of Health Sciences, Kaunas, Lithuania (Protocol code BE-2-9). The patients/participants
provided their written informed consent to participate in this study.

Study procedure
Within three days of admission for a cardiac rehabilitation, all participants’ socio-demographic (age, sex) and
clinical (New York Heart Association®!' functional class, medication use) records were obtained. At the same
time, in a separate room in the clinic, patients participating in the study independently completed a questionnaire
assessing symptoms of anxiety and depression as measured by the Hospital Anxiety and Depression Scale
(HADS)*2. In terms of HRQoL asessment, we used the Minnesota Living with Heart Failure Questionnaire
(MLHFQ)*® and the 36-Item Short Form Medical Outcome Questionnaire (SF-36)*%. Only MLHFQ data were
gathered longitudinally. This methodology was used to prevent overloading research participants with recurrent
enquiries in a longitudinal setting; nonetheless, we recognise that this method reduced the comprehensiveness
of the data gathered. Answers to the MLHFQ scale were recorded by a qualified nurse at baseline and after 2
years follow-up telephone interview. Due to the follow-up design at both 1 and 2 years, we were able to reach
fewer patients for telephone interviews compared to the baseline. The longitudinal data for the MLHFQ included
925 participants who were interviewed at baseline, 1 year, and 2 years. There were no differences in baseline
characteristics (see Supplementary Table S1) of study participants who were interviewed at baseline vs. those
individuals who were interviewed during the follow-up.

Thus, each statistical model using the longitudinal data was performed on the sample of 925 individuals. In
addition, all study tests were completed in full by study participants, resulting in no cases of missing data.

Sociodemographic and clinical characteristics

During the initial interview with the main researcher (NK), demographic information on age and sex was
obtained. The NYHA functional I-IV classification system was used by the cardiologist to classify the degree of
functional disability based on the symptoms of fatigue, palpitations or dyspnea and activity limitations*. NYHA
Class I represents no functional limitations, Class II represents slight limitations, Class III represents marked
limitations in patient’s physical activity, and Class IV represents individual’s inability to carry out any physical
activity without discomfort. Individual’s history of MI, acute MI and angina pectoris was retrieved from existing
medical records.

Minnesota living with heart failure questionnaire

Disease-specific assessments, such as the MLHFQ, are recommended for accurately measuring HRQoL in
patients with CAD and heart failure. The MLHFQ offers advantages over generic scales, as it is highly responsive
and can distinguish varying degrees of change in an individual’s HRQoL. It is a widely used instrument specifically
designed to assess HRQoL in patients with HE The questionnaire consists of 21 questions covering physical,
socioeconomic and psychological dimensions of life, relative to the limitations frequently associated with the
profile of cardiac insufficiency®>. Items are rated on a 6-point Likert scale from 0 (no impact of HF on HRQoL)
to 5 (significant negative impact of HF on HRQoL). The total score is the sum of the responses and varies from
0 (no impairment) to 105 (total impairment). The psychometric properties of the scale are good, with Cronbach
a for total scale ranging from 0.83 to 0.91 in a previous study*®. MLHFQ had good internal reliability in the
current study (Total HRQoL Cronbach’s a=0.91; Physical HRQoL Cronbach’s a=0.88 and Emotional HRQoL
Cronbach’s a=0.82).

36-Item short form medical outcome questionnaire

The SF-36 is comprised of 8 multi-item scales that evaluate HRQoL on eight domains: (1) physical functioning,
(2) social functioning, role limitations due to (3) emotional problems and (4) physical problems, (5) mental
health, (6) energy/vitality, (7) pain, and (8) general health perception. Each SF-36 domain is scored from 0 to
100, where higher scores reflect better HRQoL*!. The SF-36 was validated in Lithuania in patients with brain
tumours?” and previous studies have reported acceptable internal consistency of Lithuanian translation of
the SF-36 in CAD patients*"*8. In our study, the internal reliability of eight subscales has been found to range
between 0.56 and 0.85 in the current sample.

Hospital anxiety and depression scale

The HADS is a self-report questionnaire consisting of 14 items that are used to evaluate anxiety (HADS-A)
and depression (HADS-D) symptoms®. Total scores on the HADS-A and HADS-D range from 0 to 21, with
higher scores indicating more severe anxiety or depressive symptoms. The Lithuanian version of HADS was
documented to have good psychometric characteristics in patients with CAD (HADS-D Cronbachs a=0.79;
HADS-A Cronbach’s a=0.86)""°l. Good internal consistency of HADS was also observed in this study sample
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(HADS-D Cronbach’s a=0.72; HADS-A Cronbach’s a=0.83). Optimal cut scores for screening of anxiety
disorder risk were set to > 8 for the HADS-A and depressive disorder risk>5 for the HADS-D, and as defined in
previous validation studies in general and CAD populations*>2,

Study location and seasons

The study was carried out in a country with four distinct seasons and varying winter-summer conditions. The
city of Palanga is situated in northwest Lithuania on the Baltic Sea’s eastern shore and belongs to the country’s
coastal climate region (55°58' N, 21°03’ E). Its climatic indices differ from those of the other three Lithuanian
climate zones and are closest to Europe’s maritime northwest climate. The classification of seasons was based on
the date of data collection. According to the meteorological season calendar, spring begins on March 1, summer
on June 1, autumn on September 1, and winter on December 1.

Statistical analysis
Statistical analysis were performed using the IBM SPSS, Version 29.0.0.0 (IBM SPSS Statistics for Windows,
Version 29.0. Armonk, NY: IBM Corp). Continuous variables are presented as mean + standard deviation (SD),
while categorical variables are expressed as number (percent). The distribution of measures was evaluated
using skewness and kurtosis. Means and frequencies were calculated for sociodemographic characteristics,
cardiac variables, mental distress, as well as HRQoL scores. Initial univariate analyses were conducted to screen
potential seasons as predictors of HRQoL, and variables with a p-value <0.1 were included in the subsequent
multivariable analysis. Separate multivariable linear regression models “enter method” were constructed for
each season to assess the possible impact of seasonality on assessment of HRQoL while controlling for possible
confounding factors such as sex, age, NYHA functional class, anxiety and depression scores. Categorical
variables, as NYHA functional classes and seasons, were transformed into dummy variables for regression
analysis. NYHA classification was recoded as a dummy variable, where NYHA classes I and II were grouped
as the reference category (coded as 0), and NYHA class III was coded as 1. We grouped these variables based
on clinical meaning—NYHA functional class I and II both represent milder heart failure symptoms, NYHA
functional class III, in contrast, represents moderate to severe limitations in daily activities. Similarly, seasons
were included as dummy variables, with winter, spring, and summer coded as 1 if applicable and 0 otherwise.
Separate multivariable linear regression models were constructed for each of these seasons, except for autumn.
Autumn was not included as it was not identified as a significant factor in the univariate analyses.

The minimum required sample size for a multiple regression model was calculated to be N=921, based on a
desired significance level of 0.05, six predictors in the model, an anticipated effect size (f2) of 0.02 (corresponding
to a 2% increase in R?), and a desired statistical power of 0.9.

Data availability
The datasets generated and analysed during the current study are available from the corresponding author on
reasonable request.
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