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A B S T R A C T   

Background: Symptoms perceived in cold weather reflect physiological responses to body cooling and may 
worsen the course of a pre-existing disease or precipitate disease events in ostensibly healthy individuals. 
However, the associations between cold-related symptoms and their health effects have remained unknown. We 
examined whether cold-related cardiac and respiratory symptoms perceived in cold weather predict future 
morbidity and mortality. Methods: Cold-related symptoms were inquired in four national FINRISK surveys 
conducted in 1997, 2002, 2007, 2012 in Finland including altogether 17 040 respondents. A record linkage was 
made to national hospital discharge and cause-of-death registers. The participants were followed up until the first 
hospital admission due to a cardiovascular or respiratory disease or death, or until the end of 2015. The indi-
vidual follow-up times ranged from 0 to 18 years (mean 11 years). The association of cold-related symptoms with 
morbidity and mortality was examined by Kaplan-Meyer and Cox-regression analyses. Results: Cold-related 
cardiac [hazard ratio (HR), 1.76 and its 95% confidence interval (95% CI), 1.44–2.15] and combined cardiac 
and respiratory symptoms [1.50 (1.29–1.73)] were associated with hospitalization due to cardiovascular causes. 
The respective HRs for admissions due to respiratory causes were elevated for cold-related respiratory [1.22 
(1.07–1.40)], cardiac [1.24 (0.88–1.75)] and cardiorespiratory [1.82 (1.50–2.22)] symptoms. Cold-related 
cardiorespiratory symptoms were associated with deaths from all natural [1.38 (1.11–1.72)], cardiovascular 
[1.77 (1.28–2.44)] and respiratory [2.19 (0.95–5.06)] causes. Interpretation: Cold weather-related symptoms 
predict a higher occurrence of hospital admissions and mortality. The information may prove useful in planning 
measures to reduce cold-related adverse health effects.   

1. Introduction 

It is well established that cold weather is associated with higher 
morbidity and mortality mainly due to cardiovascular and respiratory 
causes (Song et al., 2017; Stewart et al., 2017; Gasparrini et al., 2015; 
Liu et al., 2015; Fares, 2013). The majority of adverse health events 
occur at mild suboptimal temperatures (Gasparrini et al., 2015) and are 
not related to significant whole-body cooling. Symptoms perceived in 
cold weather may reflect normal physiological responses to body 

cooling targeted to preserving or producing bodily heat, or they indicate 
aggravation of the course of a prevailing disease. Hence, somatic 
symptom reporting involves a varying mix of non-disease and disease 
inputs (Kroenke, 2014). These symptoms may ensue as immediate or 
prolonged physiological responses to low temperature, such as elevated 
blood pressure during a cold season (Stewart et al., 2017). Cardiac 
symptoms, such as chest pain or arrhythmias likely reflect augmented 
autonomic nervous system or circulatory and cardiac function in the 
cold (Liu et al., 2015; Ikäheimo, 2018). Furthermore, respiratory 
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symptoms, like dyspnea, coughing, wheezing or mucus production may 
relate to bronchoconstriction and simultaneous drying of the respiratory 
tract (D’Amato et al., 2018; Koskela, 2007). We have previously 
demonstrated that cold weather related cardiorespiratory symptoms and 
various complaints are reported in the general population (Raatikka 
et al., 2007), but especially frequently among persons with cardiovas-
cular (Ikäheimo et al., 2014) or respiratory diseases (Hyrkäs et al., 2014; 
Näyhä et al., 2002; Harju et al., 2010), suggesting these diseases being 
climate sensitive (Bunker et al., 2016). 

Among clinical populations, low environmental temperature, or the 
cold season, induce exacerbation of symptoms and lead to hospitaliza-
tions due to cardiovascular (Stewart et al., 2017; Abrignani et al., 2012), 
or respiratory diseases, such as chronic obstructive pulmonary disease 
(COPD) (Donaldson and Wedzicha, 2014) or asthma (May et al., 2011). 
However, it is not known whether cold weather symptoms among 
ostensibly healthy or sick individuals are related to actual health out-
comes. If such an association would exist, this would offer a valuable 
tool for attempts to predict and prevent cold related health hazards. For 
this purpose, we tested the hypothesis that persons reporting cardiac or 
respiratory symptoms in cold weather, experience increased morbidity 
and mortality during a long follow-up time. To this end, we inquired of 
cold-related symptoms in four successive cross-sectional national sur-
veys in Finland and made a record linkage to national hospital discharge 
and death records. We then used survival analysis to compare morbidity 
and mortality among symptomatic and non-symptomatic persons during 
a follow-up of 18 years. 

2. Methods 

2.1. Study populations 

The study population consisted of 17 040 men and women aged 
25–74 years at baseline who participated in the National FINRISK Study 
surveys in 1997, 2002, 2007 or 2012. The participation rates in the 
surveys decreased over time and varied between 57 and 68% in men (68, 
66, 60, 57% for the 1997, 2002, 2007, 2012-studies) and 67–75% (75, 
76, 70, 67% for the 1997, 2002, 2007, 2012 studies) in women (Bor-
odulin et al., 2017). The registry follow-up rate was nearly 100%. The 
data collection was carried out between late January and early April in 
each survey The mean daytime temperatures ranged from − 3.9 ◦C 
(Helsinki in southern Finland) to − 13.5 ◦C (Sodankylä in northern 
Finland) in January and from +3.9 ◦C (Helsinki) to − 1.3 ◦C (Sodankylä) 
in April (1981–2010, Finnish Meteorological Institute). 

2.2. Determinant of interest 

Six cold-related cardiorespiratory symptoms reported in the ques-
tionnaire were the determinants of interest. During the baseline exam-
ination, the subjects were asked “Does cold temperature (<+10 ◦C) 
provoke any of the following symptoms?“. These were: shortness of 
breath or prolonged cough or coughing bouts or wheezing or increased 
excretion of mucus from the lungs (considered as an entity of respiratory 
symptoms); chest pain or cardiac arrhythmia (considered as an entity of 
cardiac symptoms). The response alternatives were yes/no. We further 
examined those reporting only respiratory but not cardiac symptoms 
and those reporting only cardiac symptom but not respiratory symp-
toms, or both at the same time (termed as cardiorespiratory symptoms) 
and compared these to persons reporting none of the aforementioned 
symptoms. The questions were based on an international standard 
(ISO15743:2008) and modified for the present purpose using the 
experience from previous studies (Raatikka et al., 2007). 

2.3. Health-related information 

Health-related information was inquired by self-administrated 
questionnaires that were sent to the participants in advance. Nurses at 

the study site checked the questionnaires. Those who reported having 
been diagnosed with, or treated for angina pectoris/chest pain by a 
doctor during the past 12 months, or ever diagnosed myocardial 
infarction, heart failure, cerebral stroke, cerebral hemorrhages or cere-
bral vascular thrombosis, or had undergone coronary bypass surgery or 
angioplasty, were classified as having cardiovascular disease (CVD). The 
respondents who reported having been diagnosed with or treated for 
asthma or chronic obstructive pulmonary disease (COPD) by a doctor 
during the past 12 months were classified as having a respiratory 
disease. 

Other relevant health determinants were inquired and categorized in 
the following way: alcohol consumption (light, moderate, heavy use), 
smoking (never smoker, ex-smoker, current smoker), education (low, 
intermediate, high). Body mass index (BMI, kg/m2) was calculated 
based on measurements of height and weight (Borodulin et al., 2017). 

2.4. Morbidity and mortality 

The patient records were obtained from the Finnish Care Register for 
Health Care containing discharge diagnoses of hospitalized patients. 
This data is collected consistently from all the hospitals maintained by 
local authorities, municipal federations and central government, as well 
as also from the largest private hospitals. The cases were defined as the 
first admissions or outpatient visits since 1994 for cardiovascular dis-
eases (ICD-10 codes I00–I99), separately for ischaemic heart diseases 
(I20–I25), myocardial infarction (I21) and cerebrovascular event 
(I60–I69) and for respiratory diseases (J00-J99), broken down to COPD 
(J43, J44) and bronchial asthma (J45-J46). Information on deaths was 
obtained from Statistics Finland and included deaths from cardiovas-
cular (I00–I99), respiratory (J00-J99) and all natural causes (A00-R99). 
The definition of incident cases and deaths was based on principal 
diagnosis. 

2.5. Statistical analyses 

The association of cold weather-related symptoms with morbidity 
and mortality was examined by Kaplan-Meyer analysis and Cox- 
regression. The follow-up started from the January 1, 1998. The 
endpoint was the date of the first occurrence of the pertinent event 
(hospital admission or death), or by December 31, 2015 if no event 
occurred. Deaths from causes other than that under study (mortality 
follow-up), or any deaths (morbidity follow-up), were taken as censored 
observations. We performed three separate analyses to control for po-
tential confounders. These were 1) age, sex and the year of questionnaire 
study, 2) additionally BMI, education, alcohol consumption and smok-
ing, and 3) additionally hospitalization/outpatient visit prior to the 
pertinent questionnaire study for self-reported cardiovascular or respi-
ratory disease. To explore potential differences in incidence and mor-
tality patterns depending on cold symptoms, incidence and mortality 
rates (cases per 100 person years) for each symptom (no symptoms; only 
respiratory symptoms; only cardiac symptoms; respiratory and cardiac 
symptoms), were calculated for each FINRISK cohort, limiting the 
follow-up time to 5 years (cohorts 1997, 2002 and 2007) and 4 years 
(2012). The statistical analyses were performed by SAS (version 9.4, SAS 
Institute). The results are presented graphically and as hazard ratios 
(HR) together with their 95% confidence intervals (CIs). 

2.6. Ethics 

The study was conducted according to the Code of Ethics of the 
World Medical Association (Declaration of Helsinki) for experiments 
involving humans and follow the Uniform Requirements for manuscripts 
submitted to Biomedical journals. In each study year the study protocol 
was approved by the Coordinating Ethical Committee of the Helsinki 
and Uusimaa Hospital District. All participants gave a written informed 
consent for their participation. The study report has been written 
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according to the STROBE guidelines. 

3. Results 

The characteristics of the study participants for each cross-sectional 
survey are presented in Table 1. The entire study population consisted of 
17 040 men and women aged 25–74 years. The person-time at risk from 
reporting cold-related symptoms to the first health event ranged from 4 
to 18 years (mean 11 years). 

3.1. Cold weather-related symptoms and morbidity 

The study included 2902 hospital admissions due to cardiovascular 
and 1567 related to respiratory causes. During the entire follow-up, the 
Kaplan-Meier cumulative incidence of hospital admissions due to CVD 
was 25% for persons with no symptoms, 24% for those with only res-
piratory symptoms and 58% and 56% for those with cardiac and 
cardiorespiratory symptoms, respectively. The admissions in the latter 
two symptom categories increased steeply during the first 5 years in the 
follow-up (Fig. 1a). The respective cumulative incidences for admissions 
for respiratory causes were 14%, 15%, 21% and 33% (Fig. 1b). 

The adjusted hazard ratios for cold-related symptoms and hospital 
admission are shown in Table 2. According to the fully adjusted model 
(model 3), cold-related cardiac [HR 1.76 (95% CI 1.44–2.15)] and 
combined cardiac and respiratory symptoms [1.50 (1.29–1.73)] were 
associated with hospitalization due to cardiovascular causes, while 
respectively HRs of 2.60 and 1.88 were seen separately for ischaemic 
heart disease and myocardial infarction. For cerebrovascular events the 
association with symptoms vanished after adjustment for all covariates. 
The respective HRs for admissions due to respiratory causes were 
elevated for cold-related respiratory [1.22 (1.07–1.40)] and cardiore-
spiratory symptoms [1.82 (1.50–2.22)] and possibly for cardiac symp-
toms, too [1.24 (0.88–1.75)]. Even higher HRs were seen separately for 
COPD and asthma. 

3.2. Cold weather-related symptoms and mortality 

During the study period at total of 1300 deaths occurred from natural 
causes of which 533 were due to cardiovascular and 65 to respiratory 
causes. The Kaplan-Meier cumulative mortality from all natural causes 
during the follow-up was 14% for persons with no cold-related symp-
toms, 14% for those with only respiratory, 16% for those with only 
cardiac and 28% for those with cardiac and respiratory symptoms (Fig. 1 
c). The respective cumulative incidences for cardiovascular deaths were 
6%, 7%, 8% and 16% (Fig. 1 d). According to the fully adjusted model 
(model 3) cold-related cardiorespiratory symptoms were associated with 
deaths from all natural [HR = 1.38 (1.11–1.72)], cardiovascular [HR =
1.77 (1.28–2.44)] and respiratory [HR = 2.19 (0.95–5.06)] causes 
(Table 3). 

3.3. Differences in morbidity and mortality between the cohorts 

Symptom-specific morbidity and mortality patterns between 
different FINRISK cohorts are presented in the supplementary table. 
Hospital admissions for cardiovascular diseases increased consistently 
from the no-symptoms category through the only-respiratory and only- 
cardiac symptoms category to the both symptoms category, with 
respective incidence rate ratios (IRR) of 1.00, 1.10, 2.57 and 2.69. The 
pattern was largely similar for the 2002, 2007 and 2012 cohorts but 
different for the 1997 cohort, with IRRs in the both-symptoms and only- 
cardiac symptoms categories being 2.08–8.87 in the 2002–2012 cohorts 
compared with 1.59–1.61 in the 1997 cohort. The finding remained 
more equivocal for admissions for respiratory diseases. Regarding 
deaths from all natural and cardiovascular causes, the symptom-specific 
patterns and their changes over time were not very different from those 
described above. 

Table 1 
Characteristics of the participant of the Cold/Heat-sub studies as a part of the 
national surveys (1997, 2002, 2007, 2012).   

Study Cohort     

1997 2002 2007 2012 Total 

N 3233 6560 3973 3274 17 040 
Follow-up, yrs. 

(SD) 
17.6 
(3.6) 

13.4 
(2.0) 

8.8 (0.9) 3.9 (0.2) 11.3 (5.0) 

Male 1550 
(47.9) 

3050 
(46.5) 

1843 
(46.4) 

1489 
(45.5) 

7932 
(46.5) 

Female 1683 
(52.1) 

3510 
(53.5) 

2130 
(53.6) 

1785 
(54.5) 

9108 
(53.5) 

Age, mean(SD) 47.8 
(13.1) 

49.0 
(13.5) 

51.1 
(13.9) 

52.3 
(13.9) 

49.9 
(13.7) 

BMI, mean(SD) 26.6 
(4.6) 

27.0 
(4.7) 

27.1 
(4.8) 

27.2 (5.0) 27.0 (4.8) 

Education 
Low 1042 

(33.0) 
2186 
(34.1) 

1220 
(31.0) 

1051 
(32.6) 

5499 
(32.9) 

Intermediate 1054 
(33.3) 

2114 
(33.0) 

1345 
(34.1) 

1092 
(33.8) 

5605 
(33.5) 

High 1065 
(33.7) 

2106 
(32.9) 

1375 
(34.9) 

1084 
(33.6) 

5630 
(33.6) 

Smoking 
Never 1687 

(53.4) 
3410 
(52.3) 

2149 
(54.3) 

1838 
(56.5) 

9084 
(53.8) 

Ex-smoker 699 
(22.1) 

1450 
(22.2) 

1025 
(25.9) 

827 
(25.4) 

4001 
(23.7) 

Current smoker 774 
(24.5) 

1664 
(25.5) 

781 
(19.7) 

586 
(18.0) 

3805 
(22.5) 

Alcohol consumption 
Light 2783 

(93.9) 
6059 
(93.4) 

3702 
(93.8) 

3009 
(92.8) 

15 553 
(93.5) 

Moderate 105 
(3.5) 

266 
(4.1) 

150 
(3.8) 

135 (4.2) 656 (3.9) 

Heavy 75 (2.5) 163 
(2.5) 

96 (2.4) 98 (3.0) 432 (2.6) 

Self-reported cardiovascular disease 
No 2426 

(76.2) 
4927 
(75.2) 

2885 
(72.7) 

2315 
(70.7) 

12 553 
(73.9) 

Yes 756 
(23.8) 

1622 
(24.8) 

1086 
(27.3) 

958 
(29.3) 

4422 
(26.1) 

Self-reported respiratory disease 
No 2803 

(88.2) 
5877 
(89.7) 

3547 
(89.6) 

2911 
(89.0) 

15 138 
(89.2) 

Yes 374 
(11.8) 

678 
(10.3) 

413 
(10.4) 

359 
(11.0) 

1824 
(10.8) 

Cardiovascular hospitalization/outpatient visit before the study 
No 2673 

(82.7) 
5345 
(81.5) 

3235 
(81.4) 

2696 
(82.3) 

13 949 
(81.9) 

Yes 560 
(17.3) 

1215 
(18.5) 

738 
(18.6) 

578 
(17.7) 

3091 
(18.1) 

Respiratory hospitalization/outpatient visit before the study 
No 2609 

(80.7) 
5027 
(76.6) 

2993 
(75.3) 

2364 
(72.2) 

12 993 
(76.2) 

Yes 624 
(19.3) 

1533 
(23.4) 

980 
(24.7) 

910 
(27.8) 

4047 
(23.8) 

Hospitalization/outpatient visit due to cardiovascular cause 
No 2351 

(72.7) 
5245 
(80.0) 

3432 
(86.4) 

3110 
(95.0) 

14 138 
(83.0) 

Yes 882 
(27.3) 

1315 
(20.1) 

541 
(13.5) 

164 (5.0) 2902 
(17.0) 

Hospitalizations/outpatient visit due to respiratory cause 
No 2576 

(85.3) 
5805 
(88.5) 

3739 
(94.1) 

3173 
(69.9) 

15 473 
(90.8) 

Yes 477 
(14.8) 

755 
(11.5) 

234 
(5.9) 

101 (3.1) 1567 
(9.2) 

Deaths from natural causes 
No 2715 

(84.0) 
5982 
(91.2) 

3806 
(95.8) 

3237 
(98.9) 

15 740 
(92.4) 

Yes 518 
(16.0) 

578 
(8.8) 

167 
(4.2) 

37 (1.1) 1300 
(7.6) 

Deaths from cardiovascular causes 
No 3018 

(93.3) 
6321 
(96.4) 

3904 
(98.3) 

3264 
(99.7) 

16 507 
(96.9) 

Yes 215 
(6.7) 

239 
(3.6) 

69 (1.7) 10 (0.3) 533 (3.1) 

(continued on next page) 
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3.4. Interpretation 

We demonstrate for the first time that cold weather-related cardiac 
and respiratory symptoms, and their combination in the general popu-
lation, were associated with a higher occurrence of hospitalizations due 
to cardiovascular and respiratory causes, as well as with mortality from 
natural, cardiovascular and respiratory causes during a long follow-up 
time. 

The association of cold weather related cardiac and respiratory 
symptoms with subsequent morbidity and mortality suggest that low 
temperatures precipitate physiological reactions that may themselves 
act as triggers of cardiovascular or respiratory events. Support to this 
observation is obtained from epidemiological studies demonstrating 
higher wintertime cardiovascular (Song et al., 2017; Stewart et al., 
2017; Liu et al., 2015; Fares, 2013; Bunker et al., 2016) and respiratory 
(Bunker et al., 2016; Mourtzoukou and Falagas, 2007) morbidity and 
mortality. Overall, the tendency was that reported symptoms were 
specific to the health outcome (e.g. cardiac symptoms associated with 
myocardial infarctions), which can be expected. However, we also 
observed that reporting a combination of cardiac and respiratory 
symptoms was the strongest determinant predicting health events. This 
could indicate an overall influence of cold exposure on both cardiac and 
respiratory systems that are interlinked. It is also commonly known that 
several symptoms appear simultaneously and are of multifactorial 

causes (Kroenke, 2014). In addition, individual symptoms overlap, and 
for example cold-related dyspnea could be of cardiac origin. 

We observed that cold-related chest pain and arrhythmias, especially 
in conjunction with respiratory symptoms, were related to a higher 
incidence of hospitalization due to cardiovascular diseases particularly 
during the first 5 years of follow-up, and the association was separately 
seen for ischemic heart disease and myocardial infarctions. We further 
detected that cold-related cardiac and cardiorespiratory symptoms was 
associated with higher mortality from cardiovascular causes. This 
finding remained consistent when comparing between the different 
cohort studies. The risk ratios were lower in the 1997-cohort, and 
mainly due to a higher number of persons without cold-related symp-
toms. Among ostensibly healthy persons, cardiac symptoms in cold 
weather may relate to activation of the autonomic nervous system 
induced by body cooling (Castellani and Young, 2016). The increased 
sympathetic activity elicits vasoconstriction of the superficial vascula-
ture, thus augmenting blood pressure (Wang et al., 2017) and cardiac 
work (Ikäheimo, 2018). In addition, a co-activation of the para-
sympathetic and sympathetic nerve branches, known to occur with 
simultaneous cooling of the skin and face, leads to autonomic conflict, 
which may elicit arrhythmias (Ikäheimo, 2018). These responses may 
manifest as cold-related chest pain and arrhythmias, which are reported 
by 1–2% of healthy persons in the general population (Näyhä et al., 
2002) and according to our results, are predictive of actual disease 
episodes. 

Likewise, cold-related respiratory symptoms alone, but especially 
combined with cardiac ones, predicted a higher incidence of hospitali-
zations due to respiratory reasons, and separately for chronic obstruc-
tive pulmonary disease and asthma. This is in line with studies 
demonstrating that either lowering of environmental temperature, or 
the cold season, relates with higher risk for asthma (Cong et al., 2017) or 
exacerbation of COPD (Donaldson and Wedzicha, 2014). Reporting only 
respiratory symptoms was not associated with mortality with any cer-
tainty. Cold weather-related respiratory symptoms may emerge from the 
effects of skin and airway cooling. Cooling of the skin may elicit nar-
rowing of the respiratory tract, as also happens while inhaling cold air 
(Koskela, 2007). Hyperpnoea of cold air can augment evaporation of the 
airway surface fluid more rapidly than can be replaced. In addition, the 
water content of subfreezing air is low further contributing to airway 
drying. This may trigger bronchoconstriction, rhinorrhea, sneezing, 
congestion, and related respiratory symptoms (D’Amato et al., 2018; 
Koskela, 2007). In addition, a higher susceptibility to respiratory tract 
infections related to both low temperature and humidity could affect the 
survival and transmission of respiratory viral pathogens, and contribute 
to the higher amount of hospitalizations (Donaldson and Wedzicha, 
2014; Mourtzoukou and Falagas, 2007). 

We examined the effects of potential confounding. Especially age and 
gender weakened the unadjusted associations between cold-related 
symptoms and health outcomes. Ageing involves varying effects on 
nervous, metabolic and circulatory functions related to progressive 
deterioration of thermoregulation (Castellani and Young, 2016; Greaney 
et al., 2016; Degroot and Kenney, 2007). Women usually report more 
symptoms than men, also shown in our previous studies (Ikäheimo et al., 
2014; Näyhä et al., 2002; Harju et al., 2010). This can be due to the 
higher heat loss and lowered bodily heat production in the cold, which 
increases their susceptibility (Castellani and Young, 2016). Women also 
tend to report more symptoms in general (Degroot and Kenney, 2007; 
Barsky et al., 2001; Kroenke and Spitzer, 1998). Adjusting for BMI, 
education and alcohol consumption reduced the hazard ratios only 
marginally, or not at all. 

Finally, we adjusted for reporting a diagnosed cardiovascular or 
respiratory disease. As expected, removing their influence decreased the 
effect estimates for the association between symptoms and health out-
comes further. Both cardiovascular (Stewart et al., 2017, 2019; 
Ikäheimo, 2018) and respiratory diseases (D’Amato et al., 2018; Kos-
kela, 2007) involve pathophysiological mechanisms affecting the 

Table 1 (continued )  

Study Cohort     

1997 2002 2007 2012 Total 

Death from respiratory causes 
No 3200 

(99.0) 
6535 
(99.6) 

3966 
(99.8) 

3274 
(100.0) 

16 975 
(99.6) 

Yes 33 (1.0) 25 (0.4) 7 (0.2) 0 (0.0) 65 (0.4) 
Reported cold-related respiratory symptom 
No 1911 

(72.9) 
4499 
(71.1) 

2565 
(65.2) 

2293 
(70.4) 

11 268 
(69.8) 

Yes 709 
(27.1) 

1831 
(28.9) 

1367 
(34.8) 

962 
(29.6) 

4869 
(30.2) 

Reported cold-related dyspnoea 
No 2364 

(90.2) 
5135 
(82.3) 

3203 
(82.2) 

2601 
(80.1) 

13 303 
(83.1) 

Yes 256 
(9.8) 

1107 
(17.7) 

693 
(17.8) 

648 
(19.9) 

2704 
(16.9) 

Reported cold-related cough 
No n/a 5429 

(88.1) 
3245 
(83.9) 

2853 
(87.8) 

11 527 
(86.8) 

Yes n/a 732 
(11.9) 

621 
(16.1) 

395 
(12.2) 

1748 
(13.2) 

Reported cold-related wheezing 
No 2056 

(78.5) 
5675 
(92.3) 

3503 
(91.0) 

2998 
(92.2) 

14 232 
(89.7) 

Yes 256 
(9.8) 

473 
(7.7) 

345 
(9.0) 

252 (7.8) 1634 
(10.3) 

Reported cold-related mucus production 
No n/a 5289 

(86.0) 
2991 
(77.1) 

2774 
(85.5) 

11 054 
(83.3) 

Yes n/a 862 
(14.0) 

887 
(22.9) 

472 
(14.5) 

2221 
(16.7) 

Reported cold-related cardiac symptom 
No 2221 

(84.8) 
5870 
(95.0) 

3660 
(94.1) 

3153 
(96.9) 

14 904 
(93.5) 

Yes 399 
(15.2) 

309 
(5.0) 

229 
(5.9) 

100 (3.1) 1037 
(6.5) 

Reported cold-related chest pain 
No 2298 

(87.7) 
5917 
(96.3) 

3721 
(96.3) 

3184 
(97.9) 

15 120 
(95.2) 

Yes 322 
(12.3) 

227 
(3.7) 

142 
(3.7) 

68 (2.1) 759 (4.8) 

Reported cold-related arrhythmia 
No 2469 

(94.2) 
5958 
(97.4) 

3713 
(96.6) 

3199 
(98.3) 

15 339 
(96.9) 

Yes 151 
(5.8) 

156 
(2.6) 

131 
(3.4) 

54 (1.7) 492 (3.1)  

T.M. Ikäheimo et al.                                                                                                                                                                                                                            



Environmental Research 191 (2020) 110108

5

thermoregulatory system and increasing susceptibility to cold weather. 
Vulnerability of those with cardiovascular disease can result from 
vascular dysfunction, hypercoagulability, sympathetic over activity, 
reduced heart rate variability and poor cardiorespiratory fitness (Stew-
art et al., 2017, 2019; Ikäheimo, 2018). For example, the blood pressure 
increase at low temperatures is more substantial among those with a 
cardiovascular disease (Wang et al., 2017). Furthermore, bronchial 
hyper reactivity, and chronic inflammation among those with respira-
tory diseases, may be aggravated because of cooling and drying of air-
ways (D’Amato et al., 2018; Koskela, 2007). Our previous population 
studies show that persons with cardiovascular or respiratory diseases 
report 5–6 times more cold-related symptoms compared with those 
without these diseases (Ikäheimo et al., 2014; Näyhä et al., 2002; Harju 
et al., 2010). 

Despite of global warming, worldwide suboptimal temperatures 
contribute to the majority of current temperature-related mortality 
(Gasparrini et al., 2015). Many of the health effects occur at moderately 
low temperatures and ageing populations are most vulnerable (Hajat 
et al., 2016). Our results showing an association of cold weather-related 
symptoms with future morbidity and mortality are therefore useful for 
medical practitioners for advising their patients to protect themselves. 
Alternatively, cold-related cardiorespiratory symptoms, per se, could 
indicate the presence of a developing condition that requires medical 
attention. The results are also widely applicable to any populations 
residing in climates with recurrent exposure to low temperature during 
occupational or leisure-time activities. Increasing awareness of cold 
weather-related health effects both among health care personnel, as well 

as among the general population, are an aid in implementing preventive 
measures that may reduce or prevent adverse cold-related health events. 

3.5. Strengths and limitations 

The strengths of our study include the nation-wide health data 
collected systematically and repeatedly for a long period (Borodulin 
et al., 2017). We consider the data representative of the general adult 
population, due to the random sampling, wide age span, good 
geographical coverage and relatively minor socioeconomic variations 
throughout the country. Our results may not be directly applied to 
ethnically more heterogenous populations. An additional strength of the 
present study is the long follow-up time. The record linkage between the 
surveys, hospitalizations and mortality was complete. Competing 
endpoint events, such as deaths from cardiovascular vs respiratory 
causes may have caused some bias to the results which is however likely 
to be small. For the inquired symptoms validity can only be assessed in 
terms of face validity, which was regarded as satisfactory based on the 
expertise of the study team (Raatikka et al., 2007; Ikäheimo et al., 2014; 
Näyhä et al., 2002; Harju et al., 2010). We do not have reference in-
formation for symptoms occurring during seasons other than winter-
time, which limits the interpretation of the results. Self-reported 
questionnaires may involve recall bias on reporting of symptoms and 
medical conditions. 

Fig. 1. Kaplan-Meier curves depicting cumulative incidence (%) of a) cardiovascular and b) respiratory morbidity, as well as c) all natural and d) cardiovascular 
mortality according to reported cold-related cardiac, respiratory or combined symptoms. 
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4. Conclusion 

We demonstrate for the first time that cold weather-reported symp-
toms predict higher morbidity and mortality in a follow-up. Thus, this 
information is valuable for preventing exacerbation of the course of a 
pre-existing disease, identifying persons who may have an undiagnosed 
cardiovascular or respiratory condition or may be at an increased risk for 
hospital admission or death. Early pre-emptive measures can be an aid in 
reducing and preventing wintertime related adverse health 
consequences. 
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Table 2 
The association between cold-related cardiac and respiratory symptoms with hospitalizations/outpatient visits due to cardiovascular and/or respiratory causes.  

Health event/symptom No. hospitalized Unadjusted model Adjusted model 1 Adjusted model 2 Adjusted model 3   

HR 95%CI HR 95%CI HR 95%CI HR 95%CI 

Cardiovascular diseases 
Cold-related symptom          
No respiratory, no cardiac 1600 1.000  1.000  1.000  1.000 

1.000  
Only respiratory 609 1.108 1.006–1.220 1.178 1.070–1.298 1.131 1.027–1.246 1.075 0.972–1.189 
Only cardiac 116 2.456 2.018–2.989 1.940 1.590–2.367 2.170 1.782–2.642 1.759 1.443–2.145 
Respiratory and cardiac 266 2.622 2.286–3.008 1.959 1.705–2.251 1.973 1.717–2.267 1.495 1.291–1.731 
Ischemic heart disease 
Cold-related symptom          
No respiratory, no cardiac 500 1.000  1.000  1.000  1.000  
Only respiratory 191 1.105 0.930–1.312 1.234 1.038–1.467 1.157 0.973–1.367 1.108 0.926–1.325 
Only cardiac 55 3.920 2.938–5.230 2.895 2.159–3.881 3.341 2.501–4.465 2.597 1.938–3.481 
Respiratory and cardiac 133 4.210 3.439–5.155 2.989 2.434–3.670 3.011 2.451–3.700 2.238 1.796–2.788 
Myocardial infarction 
Cold-related symptom          
No respiratory, no cardiac 209 1.000  1.000  1.000  1.000  
Only respiratory 65 0.910 0.682–1.214 1.017 0.761–1.359 0.935 0.699–1.250 0.921 0.683–1.242 
Only cardiac 17 2.824 1.689–4.722 2.184 1.299–3.673 2.503 1.495–4.190 2.058 1.223–3.462 
Respiratory and cardiac 41 3.134 2.201–4.463 2.285 1.598–3.267 2.239 1.564–3.203 1.877 1.282–2.748 
Cerebrovascular event 
Cold-related symptom          
No respiratory, no cardiac 315 1.000  1.000  1.000  1.000  
Only respiratory 119 1.101 0.884–1.373 1.203 0.964–1.501 1.124 0.901–1.403 1.077 0.856–1.355 
Only cardiac 14 1.630 0.951–2.795 1.070 0.622–1.839 1.404 0.818–2.408 1.136 0.661–1.954 
Respiratory and cardiac 49 2.199 1.572–3.075 1.434 1.022–2.012 1.569 1.118–2.202 1.174 0.821–1.680 
Respiratory disease 
Cold-related symptom          
No respiratory, no cardiac 806 1.000  1.000  1.000  1.000  
Only respiratory 390 1.450 1.279–1.643 1.526 1.346–1.730 1.481 1.306–1.679 1.222 1.070–1.396 
Only cardiac 39 1.515 1.078–2.218 1.220 0.865–1.720 1.434 1.020–2.016 1.239 0.880–1.746 
Respiratory and cardiac 155 3.097 2.582–3.714 2.510 2.086–3.020 2.611 2.171–3.141 1.823 1.499–2.218 
COPD 
Cold-related symptom          
No respiratory, no cardiac 42 1.000  1.000  1.000  1.000  
Only respiratory 39 2.602 1.657–4.087 3.244 2.057–5.116 2.667 1.693–4.202 1.732 1.067–2.813 
Only cardiac 2 0.882 0.121–6.435 0.368 0.050–2.689 0.734 0.100–5.361 0.734 0.100–5.391 
Respiratory and cardiac 28 10.119 6.090–16.814 5.403 3.216–9.080 6.324 3.723–10.742 2.728 1.533–4.854 
Asthma 
Cold-related symptom          
No respiratory, no cardiac 43 1.000  1.000  1.000  1.000  
Only respiratory 70 4.633 3.124–6.872 4.853 3.268–7.209 4.367 2.937–6.494 2.198 1.426–3.387 
Only cardiac 6 4.026 1.587–10.213 2.333 0.911–5.978 3.121 1.226–7.946 2.216 0.862–5.700 
Respiratory and cardiac 31 11.074 6.807–18.014 7.194 4.376–11.825 7.321 4.448–12.052 3.008 1.756–5.154 

Model 1: adjusted for age, gender and the pertinent FR Study. 
Model 2: previous together with BMI, education, smoking and use of alcohol. 
Model 3: previous together with hospitalization/outpatient visit (cardiovascular or respiratory causes) prior to the study, self-reported cardiovascular or respiratory 
disease. 
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Hyrkäs, H., Jaakkola, M.S., Ikäheimo, T.M., Hugg, T.T., Jaakkola, J.J., 2014. Asthma and 
allergic rhinitis increase respiratory symptoms in cold weather among young adults. 
Respir. Med. 108 (1), 63–70. 
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Table 3 
The association between cold-related cardiac and respiratory symptoms and mortality (all, natural, cardiovascular and respiratory causes).  

Cause of death/symptom No. of deaths Unadjusted model Adjusted model 1 Adjusted model 2 Adjusted model 3   

HR 95%CI HR 95%CI HR 95%CI HR 95%CI 

Natural causes 
Cold-related symptom          
No respiratory, no cardiac 674 1.000  1.000  1.000  1.000  
Only respiratory 267 1.113 0.965–1.285 1.199 1.033–1.392 1.119 0.963–1.300 1.121 0.960–1.309 
Only cardiac 38 1.174 0.844–1.634 1.144 0.808–1.621 1.117 0.788–1.020 1.020 0.718–1.448 
Respiratory and cardiac 132 1.734 1.429–2.106 1.453 1.179–1.791 1.449 1.175–1.787 1.381 1.106–1.723 
Cardiovascular causes 
Cold-related symptom          
No respiratory, no cardiac 247 1.000  1.000  1.000  1.000  
Respiratory only 106 1.200 0.953–1.512 1.346 1.056–1.716 1.220 0.956–1.559 1.188 0.923–1.529 
Cardiac only 20 1.741 1.097–2.762 1.819 1.132–2.922 1.680 1.045–2.701 1.388 0.860–2.241 
Respiratory and cardiac 69 2.668 2.024–3.518 2.326 1.723–3.141 2.121 1.570–2.867 1.769 1.284–2.439 
Respiratory causes 
Cold-related symptom          
No respiratory, no cardiac 27 1.000  1.000  1.000  1.000  
Only respiratory 17 1.831 0.996–3.368 1.969 1.051–3.687 1.753 0.933–3.295 1.104 0.558–2.181 
Only cardiac 0 n/a  n/a  n/a  n/a  
Respiratory and cardiac 12 3.540 1.726–7.261 3.026 1.417–6.463 3.299 1.542–7.060 2.187 0.946–5.058 

Model 1: adjusted for age, gender, FR Study, Model 2: previous and BMI, education, smoking, use of alcohol, Model 3: previous and hospitalization/outpatient visit 
(cardiovascular or respiratory causes) prior to the study, reported CV or respiratory disease. 
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