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                    Abstract

Aims
To determine the combined influence of leisure-time physical activity and weekly alcohol intake on the risk of subsequent fatal ischaemic heart disease (IHD) and all-cause mortality.

Methods and results
Prospective cohort study of 11 914 Danes aged 20 years or older and without pre-existing IHD. During ∼20 years of follow-up, 1242 cases of fatal IHD occurred and 5901 died from all causes. Within both genders, being physically active was associated with lower hazard ratios (HR) of both fatal IHD and all-cause mortality than being physically inactive. Further, weekly alcohol intake was inversely associated with fatal IHD and had a U-shaped association with all-cause mortality. Within level of physical activity, non-drinkers had the highest HR of fatal IHD, whereas both non-drinkers and heavy drinkers had the highest HR of all-cause mortality. Further, the physically inactive had the highest HR of both fatal IHD and all-cause mortality within each category of weekly alcohol intake. Thus, the HR of both fatal IHD and all-cause mortality were low among the physically active who had a moderate alcohol intake.

Conclusion
Leisure-time physical activity and a moderate weekly alcohol intake are both important to lower the risk of fatal IHD and all-cause mortality.

                    

Physical activity, Alcohol intake, Ischaemic heart disease, All-cause mortality, Survival analysis
                    Introduction

A large number of prospective population studies have found beneficial effects of physical activity on the risk of cardiovascular disease and all-cause mortality.1–7 Physical inactivity is of major importance in public health because it is highly prevalent and potentially modifiable.8 Another large number of prospective studies have documented a lower risk of both cardiovascular disease and all-cause mortality associated with a light to moderate alcohol intake.9–13 Several of the potentially causal mechanisms for the beneficial effects of physical activity and alcohol intake on the circulatory system have been proposed. Some of these mechanisms may be shared, e.g. the beneficial effects on lipoprotein metabolism, inflammation, endothelial health, and insulin resistance.14–17 Although alcohol intake is a modifiable risk factor as well, it may seem inappropriate to advise non-drinkers to start drinking, as reasons for not drinking may include religious believes, previous alcoholism, or pregnancy. Whether one of these two modifiable factors may compensate for the effect of the other, or whether both of them are important for cardiovascular health and health in general is not yet clarified. The aim of our study was to estimate the combined influence of leisure-time physical activity and weekly alcohol intake on the risk of subsequent fatal ischaemic heart disease (IHD) and all-cause mortality.
                    Methods

In the Copenhagen City Heart Study, an age-stratified sample of 19 329 men and women from a distinct area of Copenhagen were randomly drawn from the Danish civil registration system and invited to participate in the first examination in 1976–78. They were drawn among ∼90 000 eligible inhabitants aged 20 years or older in 1976–78, and they were re-invited in 1981–83 along with additionally 500 newly invited persons. The response proportion at the first examination was 74% and 70% at the second examination.
The participants were invited to the Copenhagen University Hospital and were asked to complete a self-administered questionnaire regarding various health-related issues including questions about leisure-time physical activity and weekly alcohol intake, before a physical examination was performed. The staff checked the responses to the questionnaires during the examination with regard to potential non-response or inconsistent responses.
We used information from the second examination where 13 095 persons participated. Of these, 491 participants were excluded due to incomplete information on the exposure variables and covariates, and further 690 participants were excluded due to pre-existing IHD in 1981–83. In our analyses, information from the remaining 11 914 participants was used, and, of these, the vast majority were Caucasians. The Copenhagen City Heart Study complies with the Declaration of Helsinki, which the Ethics Committee of Copenhagen and Frederiksberg Municipality, Denmark has approved (#01-144/01). A detailed description of the Copenhagen City Heart Study has been published previously.18
                    Leisure-time physical activity

Leisure-time physical activity was assessed as the mean level each week during the last year graded in four levels based on a questionnaire constructed by Saltin and Grimby,19 with modifications. The four levels were: (i) being almost entirely inactive or engaging in light physical activity <2 h per week (e.g. reading, watching television, cinemagoer); (ii) engaging in light physical activity for 2–4 h per week (e.g. walking, cycling, light gardening, light physical exercise); (iii) engaging in light physical activity for >4 h per week or more vigorous activity for 2–4 h per week (e.g. brisk walking, fast cycling, heavy gardening, sports that cause perspiration or exhaustion); and (iv) engaging in vigorous physical activity for >4 h per week, regular heavy exercise, or competitive sports several times per week. Level 1 was considered physically inactive, level 2 was considered a low level of physical activity, and levels 3 and 4 together were considered a moderate to high level of physical activity. The two highest levels of physical activity were combined, as there was only 2% of the population, who reported to perform the highest level of physical activity.
                    Alcohol intake

The subjects were classified according to their reported total weekly intake of alcohol, where one drink corresponds to one bottle of beer, one glass of wine, and one unit of spirit: non-drinkers, below one drink per week (none); moderate drinkers, one to 14 drinks per week (moderate); and heavy drinkers, 15 or more drinks per week (high).
                    Covariates

The following set of potential confounders was identified according to the methods of causal diagrams developed by Greenland et al.:20 age, gender, smoking habits (never-smoker, ex-smoker, smoker of 1–14 g/day, and >14 g/day. One cigarette was equivalent to 1 g, a cheroot to 3 g, and a cigar to 5 g of tobacco), body mass index (kg/m2, continuous), education (<8 years, 8–11 years, or at least 12 years), marital status (married or cohabiting, divorced or widowed, and single), and pre-existing diabetes. Possible intermediating effect of high-density lipoprotein cholesterol (HDL-C) on the pathway between physical activity or alcohol intake and fatal IHD were estimated by including HDL-C in the multi-adjusted model.
                    Follow-up

Using the unique person identification number in the Danish civil registration system, the participants were followed from date of entry into the study, until date of death, loss to follow-up, emigration, or until 31 December 2001 in the analyses of fatal IHD and until 11 March 2004 in the analyses of all-cause mortality.21 These identification numbers encode date of birth, gender, and a record linkage with complete hospital discharge history for each individual. As a result of emigration or disappearance, 55 persons (0.5%) were lost to follow-up before 31 December 2001 and 75 (0.6%) were lost to follow-up before 11 March 2004. Identification of deaths due to IHD in the Danish Causes of Death Registry was based on the international classification of diseases, eighth and 10th revision (ICD-8 codes; 410–414, ICD-10 codes; I20–I25) published by the World Health Organization.
                    Statistical analyses

We calculated hazard ratios (HR) with 95% confidence intervals for fatal IHD and all-cause mortality using Cox’s proportional hazards regression analysis with age as the underlying time variable and delayed entrance, accordingly, which ensured optimal adjustment for age.
Analyses were repeated with adjustment for the confounders and for the analyses of the risk of fatal IHD an additional model also included HDL-C concentrations. The percent of change in the regression coefficient between these two multivariable models was used to measure the mediating effect of HDL-C. Gender specific analyses were performed when estimating the effect of leisure-time physical activity and weekly alcohol intake. Men and women were combined in the analyses of the combined influence of physical activity and alcohol intake, as the gender separate analyses showed the same tendency. Alcohol intake was included as a cubic spline variable in the analyses of leisure-time physical activity and elsewhere as a discrete variable. Body mass index was included as a cubic spline variable in all analyses. In the analyses of the combined influence of physical activity and alcohol intake, the reference group was the physically inactive non-drinkers, but we also performed additional tests within the same model using other groups as reference. We used a joint reference group to ensure that the HR for the different levels of alcohol intake combined with physical activity status were estimated with reference to a common baseline risk.
The analyses included 5272 men and 6642 women who provided information about the variables of interest and who were free of an IHD diagnosis in 1981–83. For every Cox model, the proportional hazard assumption was controlled with a smoothed plot of scaled Schoenfeld residuals vs. time. All analyses were two-sided and performed using STATA version 9.
                    Results

Of the 5272 men and 6642 women included in the analyses, 822 men (16%) and 1156 women (17%) classified themselves as physically inactive and 807 men (15%) and 2842 women (43%) reported that they consume <1 drink per week. Within both genders, the physically inactive tended to be older, less educated, included more smokers, and diabetics, and were less likely to cohabit than the physically active (Table 1). Additionally, those who consumed the majority of alcohol as wine were more likely to be women and physically active than men and inactive (Table 1). Physically inactive men had a median alcohol intake of 10 drinks per week, whereas men who reported either a low or a moderate to high level of physical activity drank nine drinks per week (data not shown). Among women, physically inactive had a median alcohol intake of zero drinks per week, whereas those who reported a low level of physical activity drank two drinks per week and moderate to highly active women drank 10 drinks per week (data not shown). Within both genders, non-drinkers tended to be older, less educated, and included fewer smokers, but more diabetics than moderate and heavy drinkers (Table 1).
During the ∼20 years of follow-up, 5901 participants died, and, of these, 724 men and 534 women died of IHD.
                    Leisure-time physical activity and weekly alcohol intake

Within both genders, being physically active was associated with significant lower HR for both fatal IHD and all-cause mortality than being physically inactive (Table 2 and 3). HDL-C did not mediate the risk of fatal IHD among the physically active groups (Table 2).
                    
Table 1Baseline characteristics of men and women aged at least 20 years (n = 11 914) according to weekly alcohol intake and leisure time physical activity (1981–1983), Copenhagen City Heart Study

 
	
            . 	Alcohol intake and physical activity
            . 
	
            . 	Nonea
            . 	Moderatea
            . 	Higha
            . 
	
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 
	Men									
	 Number	153	313	341	365	1198	1127	304	738	733
	 Alcohol (drinks per week)c	0 (0–0)	0 (0–0)	0 (0–0)	7 (4–10)	7 (4–10)	7 (4–10)	28 (20–41)	24 (19–35)	24 (19–33)
	 Age (years)c	60 (49–68)	60 (50–67)	60 (50–68)	59 (51–68)	57 (48–65)	56 (44–64)	56 (48–62)	55 (46–62)	54 (45–62)
	 HDL-Cd (mmol/L)c	0.89 (0.77–1.05)	0.92 (0.80–1.04)	0.93 (0.80–1.06)	0.96 (0.80–1.15)	0.98 (0.84–1.14)	1.00 (0.86–1.17)	1.00 (0.85–1.26)	1.06 (0.91–1.30)	1.08 (0.92–1.30)
	 Body mass indexc,e	25.6 (22.9–27.8)	25.6 (23.0–28.3)	25.5 (23.4–28.1)	26.0 (23.5–28.6)	25.4 (23.3–27.8)	25.1 (23.0–27.5)	26.5 (24.0–29.4)	26.0 (23.4–28.7)	25.9 (23.7–28.4)
	 Non-smokers (%)	35	42	44	34	37	43	18	27	33
	 Diabetes (%)	6.5	3.5	4.4	4.7	2.8	2.5	3.9	2.0	3.3
	 Low level of education (%)	65	55	54	58	41	35	56	42	40
	 Cohabiting (%)	65	71	69	70	81	76	61	70	72
	 Wine-drinkers (%)f	—	—	—	11	22	23	9	11	12
	Women									
	 Number	619	1430	793	454	1858	1036	83	233	136
	 Alcohol (drinks per week)c	0 (0–0)	0 (0–0)	0 (0–0)	5 (2–7)	4 (2–8)	4 (2–7)	20 (16–30)	20 (16–25)	21 (17–26)
	 Age (years)c	62 (54–70)	60 (52–65)	60 (52–66)	58 (50–65)	55 (46–62)	55 (44–63)	53 (46–62)	54 (46–61)	55 (43–61)
	 HDL-Cd (mmol/L)c	1.11 (0.94–1.33)	1.16 (0.99–1.36)	1.18 (1.02–1.37)	1.21 (1.05–1.46)	1.24 (1.04–1.45)	1.25 (1.08–1.48)	1.35 (1.17–1.62)	1.31 (1.11–1.56)	1.41 (1.15–1.70)
	 Body mass indexc,e	25.0 (22.0–28.8)	24.9 (22.2–28.4)	24.5 (22.0–27.3)	24.5 (22.0–27.3)	23.7 (21.6–26.4)	23.2 (21.5–25.7)	23.9 (21.7–27.1)	23.5 (21.4–25.5)	23.4 (21.5–25.7)
	 Non-smokers (%)	48	50	49	35	46	50	24	29	42
	 Diabetes (%)	3.9	2.7	1.5	1.8	0.9	0.7	1.2	0.9	0.7
	 Low level of education (%)	73	57	59	51	34	35	43	18	24
	 Cohabiting (%)	42	52	50	51	60	59	43	66	58
	 Wine-drinkers (%)f	—	—	—	43	58	58	34	49	51


	
            . 	Alcohol intake and physical activity
            . 
	
            . 	Nonea
            . 	Moderatea
            . 	Higha
            . 
	
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 
	Men									
	 Number	153	313	341	365	1198	1127	304	738	733
	 Alcohol (drinks per week)c	0 (0–0)	0 (0–0)	0 (0–0)	7 (4–10)	7 (4–10)	7 (4–10)	28 (20–41)	24 (19–35)	24 (19–33)
	 Age (years)c	60 (49–68)	60 (50–67)	60 (50–68)	59 (51–68)	57 (48–65)	56 (44–64)	56 (48–62)	55 (46–62)	54 (45–62)
	 HDL-Cd (mmol/L)c	0.89 (0.77–1.05)	0.92 (0.80–1.04)	0.93 (0.80–1.06)	0.96 (0.80–1.15)	0.98 (0.84–1.14)	1.00 (0.86–1.17)	1.00 (0.85–1.26)	1.06 (0.91–1.30)	1.08 (0.92–1.30)
	 Body mass indexc,e	25.6 (22.9–27.8)	25.6 (23.0–28.3)	25.5 (23.4–28.1)	26.0 (23.5–28.6)	25.4 (23.3–27.8)	25.1 (23.0–27.5)	26.5 (24.0–29.4)	26.0 (23.4–28.7)	25.9 (23.7–28.4)
	 Non-smokers (%)	35	42	44	34	37	43	18	27	33
	 Diabetes (%)	6.5	3.5	4.4	4.7	2.8	2.5	3.9	2.0	3.3
	 Low level of education (%)	65	55	54	58	41	35	56	42	40
	 Cohabiting (%)	65	71	69	70	81	76	61	70	72
	 Wine-drinkers (%)f	—	—	—	11	22	23	9	11	12
	Women									
	 Number	619	1430	793	454	1858	1036	83	233	136
	 Alcohol (drinks per week)c	0 (0–0)	0 (0–0)	0 (0–0)	5 (2–7)	4 (2–8)	4 (2–7)	20 (16–30)	20 (16–25)	21 (17–26)
	 Age (years)c	62 (54–70)	60 (52–65)	60 (52–66)	58 (50–65)	55 (46–62)	55 (44–63)	53 (46–62)	54 (46–61)	55 (43–61)
	 HDL-Cd (mmol/L)c	1.11 (0.94–1.33)	1.16 (0.99–1.36)	1.18 (1.02–1.37)	1.21 (1.05–1.46)	1.24 (1.04–1.45)	1.25 (1.08–1.48)	1.35 (1.17–1.62)	1.31 (1.11–1.56)	1.41 (1.15–1.70)
	 Body mass indexc,e	25.0 (22.0–28.8)	24.9 (22.2–28.4)	24.5 (22.0–27.3)	24.5 (22.0–27.3)	23.7 (21.6–26.4)	23.2 (21.5–25.7)	23.9 (21.7–27.1)	23.5 (21.4–25.5)	23.4 (21.5–25.7)
	 Non-smokers (%)	48	50	49	35	46	50	24	29	42
	 Diabetes (%)	3.9	2.7	1.5	1.8	0.9	0.7	1.2	0.9	0.7
	 Low level of education (%)	73	57	59	51	34	35	43	18	24
	 Cohabiting (%)	42	52	50	51	60	59	43	66	58
	 Wine-drinkers (%)f	—	—	—	43	58	58	34	49	51


aNone, below one drink per week; Moderate, 1–14 drinks per week; High, above 14 drinks per week.

bInactive: physically inactive; low: light physical activity for 2–4 h per week; moderate/high: at least light physical activity for >4 h per week or more vigorous activity for 2–4 h per week.

cMedian (lower—upper quartile).

dHDL-C, high-density lipoprotein cholesterol.

eWeight (kg)/height2 (m)2.

fPercent of the group where wine contribute to >50% of the weekly alcohol intake.
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Table 1Baseline characteristics of men and women aged at least 20 years (n = 11 914) according to weekly alcohol intake and leisure time physical activity (1981–1983), Copenhagen City Heart Study

 
	
            . 	Alcohol intake and physical activity
            . 
	
            . 	Nonea
            . 	Moderatea
            . 	Higha
            . 
	
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 
	Men									
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	 Age (years)c	60 (49–68)	60 (50–67)	60 (50–68)	59 (51–68)	57 (48–65)	56 (44–64)	56 (48–62)	55 (46–62)	54 (45–62)
	 HDL-Cd (mmol/L)c	0.89 (0.77–1.05)	0.92 (0.80–1.04)	0.93 (0.80–1.06)	0.96 (0.80–1.15)	0.98 (0.84–1.14)	1.00 (0.86–1.17)	1.00 (0.85–1.26)	1.06 (0.91–1.30)	1.08 (0.92–1.30)
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	 Non-smokers (%)	48	50	49	35	46	50	24	29	42
	 Diabetes (%)	3.9	2.7	1.5	1.8	0.9	0.7	1.2	0.9	0.7
	 Low level of education (%)	73	57	59	51	34	35	43	18	24
	 Cohabiting (%)	42	52	50	51	60	59	43	66	58
	 Wine-drinkers (%)f	—	—	—	43	58	58	34	49	51


	
            . 	Alcohol intake and physical activity
            . 
	
            . 	Nonea
            . 	Moderatea
            . 	Higha
            . 
	
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 	Inactiveb
            . 	Lowb
            . 	Moderate/highb
            . 
	Men									
	 Number	153	313	341	365	1198	1127	304	738	733
	 Alcohol (drinks per week)c	0 (0–0)	0 (0–0)	0 (0–0)	7 (4–10)	7 (4–10)	7 (4–10)	28 (20–41)	24 (19–35)	24 (19–33)
	 Age (years)c	60 (49–68)	60 (50–67)	60 (50–68)	59 (51–68)	57 (48–65)	56 (44–64)	56 (48–62)	55 (46–62)	54 (45–62)
	 HDL-Cd (mmol/L)c	0.89 (0.77–1.05)	0.92 (0.80–1.04)	0.93 (0.80–1.06)	0.96 (0.80–1.15)	0.98 (0.84–1.14)	1.00 (0.86–1.17)	1.00 (0.85–1.26)	1.06 (0.91–1.30)	1.08 (0.92–1.30)
	 Body mass indexc,e	25.6 (22.9–27.8)	25.6 (23.0–28.3)	25.5 (23.4–28.1)	26.0 (23.5–28.6)	25.4 (23.3–27.8)	25.1 (23.0–27.5)	26.5 (24.0–29.4)	26.0 (23.4–28.7)	25.9 (23.7–28.4)
	 Non-smokers (%)	35	42	44	34	37	43	18	27	33
	 Diabetes (%)	6.5	3.5	4.4	4.7	2.8	2.5	3.9	2.0	3.3
	 Low level of education (%)	65	55	54	58	41	35	56	42	40
	 Cohabiting (%)	65	71	69	70	81	76	61	70	72
	 Wine-drinkers (%)f	—	—	—	11	22	23	9	11	12
	Women									
	 Number	619	1430	793	454	1858	1036	83	233	136
	 Alcohol (drinks per week)c	0 (0–0)	0 (0–0)	0 (0–0)	5 (2–7)	4 (2–8)	4 (2–7)	20 (16–30)	20 (16–25)	21 (17–26)
	 Age (years)c	62 (54–70)	60 (52–65)	60 (52–66)	58 (50–65)	55 (46–62)	55 (44–63)	53 (46–62)	54 (46–61)	55 (43–61)
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	 Low level of education (%)	73	57	59	51	34	35	43	18	24
	 Cohabiting (%)	42	52	50	51	60	59	43	66	58
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aNone, below one drink per week; Moderate, 1–14 drinks per week; High, above 14 drinks per week.

bInactive: physically inactive; low: light physical activity for 2–4 h per week; moderate/high: at least light physical activity for >4 h per week or more vigorous activity for 2–4 h per week.

cMedian (lower—upper quartile).

dHDL-C, high-density lipoprotein cholesterol.

eWeight (kg)/height2 (m)2.

fPercent of the group where wine contribute to >50% of the weekly alcohol intake.
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Table 2Hazard ratios (HR) and 95% confidence intervals (CI) for fatal ischaemic heart disease associated with leisure-time physically activity and weekly alcohol intake among 5272 men and 6642 women in the Copenhagen City Heart Study (1981–1983)

 
	
            . 	HR (95% CI)
            . 
	
            . 	Physical activity
            . 	Alcohol intake
            . 
	
            . 	Inactivea
            . 	Lowa
            . 	Moderate/higha
            . 	Noneb
            . 	Moderateb
            . 	Highb
            . 
	Men						
	 Age-adjusted (n = 5272, cases = 710)	1.00 (reference)	0.62 (0.51–0.76)	0.64 (0.52–0.78)	1.00 (reference)	0.77 (0.63–0.93)	0.86 (0.70–1.06)
	 Multi-adjustedc (n = 5272, cases = 710)	1.00 (reference)	0.67 (0.54–0.82)	0.71 (0.58–0.87)	1.00 (reference)	0.77 (0.64–0.94)	0.79 (0.63–0.98)
	 Multi-adjustedc + HDL-Cd (n = 5272, cases = 710)	1.00 (reference)	0.68 (0.55–0.83)	0.71 (0.58–0.87)	1.00 (reference)	0.83 (0.68–1.01)	0.90 (0.72–1.13)
	 Effect of HDL-Cd		3%	3%		29%	58%
	Women						
	 Age-adjusted (n = 6642, cases = 532)	1.00 (reference)	0.68 (0.55–0.84)	0.61 (0.48–0.78)	1.00 (reference)	0.69 (0.58–0.83)	0.68 (0.44–1.05)
	 Multi-adjustedc (n = 6642, cases = 532)	1.00 (reference)	0.76 (0.61–0.94)	0.72 (0.56–0.92)	1.00 (reference)	0.72 (0.60–0.87)	0.65 (0.42–1.01)
	 Multi-adjustedc + HDL-Cd (n = 6642, cases = 532)	1.00 (reference)	0.75 (0.60–0.92)	0.72 (0.57–0.92)	1.00 (reference)	0.76 (0.63–0.92)	0.75 (0.48–1.16)
	 Effect of HDL-Cd		−6%	2%		15%	32%


	
            . 	HR (95% CI)
            . 
	
            . 	Physical activity
            . 	Alcohol intake
            . 
	
            . 	Inactivea
            . 	Lowa
            . 	Moderate/higha
            . 	Noneb
            . 	Moderateb
            . 	Highb
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	 Multi-adjustedc (n = 5272, cases = 710)	1.00 (reference)	0.67 (0.54–0.82)	0.71 (0.58–0.87)	1.00 (reference)	0.77 (0.64–0.94)	0.79 (0.63–0.98)
	 Multi-adjustedc + HDL-Cd (n = 5272, cases = 710)	1.00 (reference)	0.68 (0.55–0.83)	0.71 (0.58–0.87)	1.00 (reference)	0.83 (0.68–1.01)	0.90 (0.72–1.13)
	 Effect of HDL-Cd		3%	3%		29%	58%
	Women						
	 Age-adjusted (n = 6642, cases = 532)	1.00 (reference)	0.68 (0.55–0.84)	0.61 (0.48–0.78)	1.00 (reference)	0.69 (0.58–0.83)	0.68 (0.44–1.05)
	 Multi-adjustedc (n = 6642, cases = 532)	1.00 (reference)	0.76 (0.61–0.94)	0.72 (0.56–0.92)	1.00 (reference)	0.72 (0.60–0.87)	0.65 (0.42–1.01)
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	 Effect of HDL-Cd		−6%	2%		15%	32%


aInactive: physically inactive; low: light physical activity for 2–4 h per week; moderate/high: at least light physical activity for >4 h per week or more vigorous activity for 2–4 h per week.

bNone: below one drink per week; moderate: 1–14 drinks per week; high: above 14 drinks per week.

cAdjusted for age, smoking habits, body mass index, education, marital status, known diabetes, and physical activity or alcohol intake.

dHDL-C, high-density lipoprotein cholesterol. The percent change in the regression coefficient between the multivariable model with and without HDL-C was used to measure the mediating effect of HDL-C.
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Table 2Hazard ratios (HR) and 95% confidence intervals (CI) for fatal ischaemic heart disease associated with leisure-time physically activity and weekly alcohol intake among 5272 men and 6642 women in the Copenhagen City Heart Study (1981–1983)

 
	
            . 	HR (95% CI)
            . 
	
            . 	Physical activity
            . 	Alcohol intake
            . 
	
            . 	Inactivea
            . 	Lowa
            . 	Moderate/higha
            . 	Noneb
            . 	Moderateb
            . 	Highb
            . 
	Men						
	 Age-adjusted (n = 5272, cases = 710)	1.00 (reference)	0.62 (0.51–0.76)	0.64 (0.52–0.78)	1.00 (reference)	0.77 (0.63–0.93)	0.86 (0.70–1.06)
	 Multi-adjustedc (n = 5272, cases = 710)	1.00 (reference)	0.67 (0.54–0.82)	0.71 (0.58–0.87)	1.00 (reference)	0.77 (0.64–0.94)	0.79 (0.63–0.98)
	 Multi-adjustedc + HDL-Cd (n = 5272, cases = 710)	1.00 (reference)	0.68 (0.55–0.83)	0.71 (0.58–0.87)	1.00 (reference)	0.83 (0.68–1.01)	0.90 (0.72–1.13)
	 Effect of HDL-Cd		3%	3%		29%	58%
	Women						
	 Age-adjusted (n = 6642, cases = 532)	1.00 (reference)	0.68 (0.55–0.84)	0.61 (0.48–0.78)	1.00 (reference)	0.69 (0.58–0.83)	0.68 (0.44–1.05)
	 Multi-adjustedc (n = 6642, cases = 532)	1.00 (reference)	0.76 (0.61–0.94)	0.72 (0.56–0.92)	1.00 (reference)	0.72 (0.60–0.87)	0.65 (0.42–1.01)
	 Multi-adjustedc + HDL-Cd (n = 6642, cases = 532)	1.00 (reference)	0.75 (0.60–0.92)	0.72 (0.57–0.92)	1.00 (reference)	0.76 (0.63–0.92)	0.75 (0.48–1.16)
	 Effect of HDL-Cd		−6%	2%		15%	32%


	
            . 	HR (95% CI)
            . 
	
            . 	Physical activity
            . 	Alcohol intake
            . 
	
            . 	Inactivea
            . 	Lowa
            . 	Moderate/higha
            . 	Noneb
            . 	Moderateb
            . 	Highb
            . 
	Men						
	 Age-adjusted (n = 5272, cases = 710)	1.00 (reference)	0.62 (0.51–0.76)	0.64 (0.52–0.78)	1.00 (reference)	0.77 (0.63–0.93)	0.86 (0.70–1.06)
	 Multi-adjustedc (n = 5272, cases = 710)	1.00 (reference)	0.67 (0.54–0.82)	0.71 (0.58–0.87)	1.00 (reference)	0.77 (0.64–0.94)	0.79 (0.63–0.98)
	 Multi-adjustedc + HDL-Cd (n = 5272, cases = 710)	1.00 (reference)	0.68 (0.55–0.83)	0.71 (0.58–0.87)	1.00 (reference)	0.83 (0.68–1.01)	0.90 (0.72–1.13)
	 Effect of HDL-Cd		3%	3%		29%	58%
	Women						
	 Age-adjusted (n = 6642, cases = 532)	1.00 (reference)	0.68 (0.55–0.84)	0.61 (0.48–0.78)	1.00 (reference)	0.69 (0.58–0.83)	0.68 (0.44–1.05)
	 Multi-adjustedc (n = 6642, cases = 532)	1.00 (reference)	0.76 (0.61–0.94)	0.72 (0.56–0.92)	1.00 (reference)	0.72 (0.60–0.87)	0.65 (0.42–1.01)
	 Multi-adjustedc + HDL-Cd (n = 6642, cases = 532)	1.00 (reference)	0.75 (0.60–0.92)	0.72 (0.57–0.92)	1.00 (reference)	0.76 (0.63–0.92)	0.75 (0.48–1.16)
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aInactive: physically inactive; low: light physical activity for 2–4 h per week; moderate/high: at least light physical activity for >4 h per week or more vigorous activity for 2–4 h per week.

bNone: below one drink per week; moderate: 1–14 drinks per week; high: above 14 drinks per week.

cAdjusted for age, smoking habits, body mass index, education, marital status, known diabetes, and physical activity or alcohol intake.

dHDL-C, high-density lipoprotein cholesterol. The percent change in the regression coefficient between the multivariable model with and without HDL-C was used to measure the mediating effect of HDL-C.
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Alcohol intake was inversely associated with fatal IHD among both men and women (Table 2). HDL-C was a mediator of 29–58% of this risk in men and 15–32% in women (Table 2). A weekly moderate alcohol intake reduced the risk of all-cause mortality among both men and women, whereas the risk among heavy drinkers was similar to non-drinkers (Table 3).
                    
Table 3Hazard ratios (HR) and 95% confidence intervals (CI) for all-cause mortality associated with leisure-time physically activity and weekly alcohol intake among 5272 men and 6642 women in the Copenhagen City Heart Study (1981–1983)

 
	
            . 	HR (95% CI)
            . 
	
            . 	Physical activity
            . 	Alcohol intake
            . 
	
            . 	Inactivea
            . 	Lowa
            . 	Moderate/higha
            . 	Noneb
            . 	Moderateb
            . 	Highb
            . 
	Men						
	 Age-adjusted (n = 5272, cases = 2971	1.00 (reference)	0.72 (0.65–0.79)	0.64 (0.58–0.71)	1.00 (reference)	0.85 (0.77–0.94)	1.13 (1.02–1.26)
	 Multi-adjustedc (n = 5272, cases = 2971)	1.00 (reference)	0.79 (0.72–0.88)	0.73 (0.66–0.81)	1.00 (reference)	0.87 (0.78–0.96)	1.05 (0.94–1.17)
	Women						
	 Age-adjusted (n = 6642, cases = 2930)	1.00 (reference)	0.68 (0.62–0.75)	0.67 (0.61–0.75)	1.00 (reference)	0.89 (0.82–0.96)	1.07 (0.92–1.25)
	 Multi-adjustedc (n = 6642, cases = 2930)	1.00 (reference)	0.74 (0.68–0.81)	0.75 (0.68–0.83)	1.00 (reference)	0.93 (0.86–1.00)	1.03 (0.88–1.20)


	
            . 	HR (95% CI)
            . 
	
            . 	Physical activity
            . 	Alcohol intake
            . 
	
            . 	Inactivea
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	 Multi-adjustedc (n = 5272, cases = 2971)	1.00 (reference)	0.79 (0.72–0.88)	0.73 (0.66–0.81)	1.00 (reference)	0.87 (0.78–0.96)	1.05 (0.94–1.17)
	Women						
	 Age-adjusted (n = 6642, cases = 2930)	1.00 (reference)	0.68 (0.62–0.75)	0.67 (0.61–0.75)	1.00 (reference)	0.89 (0.82–0.96)	1.07 (0.92–1.25)
	 Multi-adjustedc (n = 6642, cases = 2930)	1.00 (reference)	0.74 (0.68–0.81)	0.75 (0.68–0.83)	1.00 (reference)	0.93 (0.86–1.00)	1.03 (0.88–1.20)


aInactive: physically inactive; low: light physical activity for 2–4 h per week, moderate/high: at least light physical activity for >4 h per week or more vigorous activity for 2–4 h per week.

bNone: below one drink per week; moderate: 1–14 drinks per week; high: above 14 drinks per week.

cAdjusted for age, smoking habits, body mass index, education, marital status, known diabetes, and physical activity or alcohol intake.
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                    Ischaemic heart disease

Figure 1 shows the HR of fatal IHD for combinations of physical activity level and weekly alcohol intake. Within each level of physical activity, non-drinkers had the highest HR of fatal IHD, i.e. compared with moderate drinkers on each physical activity level, the HR was 1.30 (1.04–1.63) among the physically inactive non-drinkers, 1.31 (1.08–1.59) among non-drinkers with a low level of physical activity, and 1.30 (1.04–1.63) among non-drinkers with a moderate to high level of physical activity. Further, within each category of weekly alcohol intake, the physically inactive had the highest HR of fatal IHD. Thus, the lowest HR of fatal IHD were observed among the physically active moderate or heavy drinkers (range 0.50–0.56) and the highest HR among the physically inactive non-drinkers (reference group) (Figure 1).
                    
Figure 1
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Hazard ratios (95% confidence intervals) for fatal ischaemic heart disease associated with the combined influence of leisure-time physical activity level and weekly alcohol intake among 11 914 men and women (1242 cases). Adjusted for age, smoking habits, body mass index, education, marital status, and pre-existing diabetes. The reference group is those who are physically inactive and non-drinkers


Compared with physically inactive non-drinkers, being physically active was associated with a 31–33% lower HR of fatal IHD, and drinking at least one drink weekly was associated with a 30–32% lower HR, whereas being both physically active and drinking at least one drink weekly was associated with a 44–50% lower HR of fatal IHD (calculated from Figure 1). Further, the HR of fatal IHD did not differ between non-drinkers who reported either a low level (0.98, 0.77–1.25) or a moderate to high level of physical activity (0.95, 0.73–1.23) compared with physically inactive moderate drinkers. Thus, both physical activity and alcohol intake lowered the risk of fatal IHD.
                    All-cause mortality

Figure 2 shows the HR of all-cause mortality for combinations of physical activity level and weekly alcohol intake. Within each category of weekly alcohol intake, the physically inactive had the highest HR of all-cause mortality and within each level of physical activity, moderate drinkers had the lowest HR of all-cause mortality. Compared to non-drinkers on a similar physical activity level, a moderate alcohol intake lowered the HR for all-cause mortality both among persons with a low level of physical activity (0.87, 0.78–0.97) and among those with a moderate to high level of physical activity (0.90, 0.82–0.98), but not among physically inactive (0.96, 0.84–1.09).
                    
Figure 2
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Hazard ratios (95% confidence intervals) for all-cause mortality associated with the combined influence of leisure-time physical activity level and weekly alcohol intake among 11 914 men and women (5901 cases). Adjusted for age, smoking habits, body mass index, education, marital status, and pre-existing diabetes. The reference group is those who are physically inactive and non-drinkers


Compared with physically inactive non-drinkers, being physically active was associated with 23% lower HR of all-cause mortality, whereas a moderate alcohol intake did not lower the HR significantly, but being both physically active and drinking at least one drink weekly was associated with a 12–33% lower HR of all-cause mortality (calculated from Figure 2). Thus, the lowest HR of all-cause mortality were observed among the physically active moderate drinkers and the highest HR among the physically inactive non- and heavy drinkers (Figure 2). Further, the HR of all-cause mortality were significantly lower among non-drinkers who reported either a low level (0.80, 0.72–0.90) or a moderate to high level of physical activity (0.81, 0.71–0.91) compared with physically inactive moderate drinkers.
                    Discussion

Our study shows that being both physically active and drinking a moderate amount of alcohol is important to lower the risk of both fatal IHD and all-cause mortality. As there might be good reasons for alcohol abstention, it is important that physical activity can reverse some of the adverse health effects associated with alcohol abstention.
                    Leisure-time physical activity and weekly alcohol intake

Our results show that being physical active in leisure-time was associated with low risk of death due to IHD and all-causes, which is in line with numerous other studies.1–7 Additionally, we found beneficial effects of a moderate weekly alcohol intake on the risk of fatal IHD and all-cause mortality (Table 2 and 3), which is also well-known from other studies.9–13
                    Ischaemic heart disease

Non-drinkers who were physically inactive were at high risk of developing fatal IHD, potentially because they might not obtain the beneficial effects from neither physical activity nor alcohol intake on the circulatory system. Numerous studies have shown beneficial effects of both physical activity and alcohol intake on lipoprotein metabolism, inflammatory markers, insulin resistance, and endothelial function.11,16,17,22–31
In men, HDL-C was a mediator of 29–58% of the effect of alcohol intake on fatal IHD and 15–32% in women. This is to some extent in line with the previously suggested 40–60%.27,32,33 HDL-C did not mediate the effect of physical activity on fatal IHD in this study (Table 2). Several studies have reported a dose–response relationship between physical activity and HDL-C changes, suggesting that exercise can favourably alter blood lipids when certain exercise thresholds are met.34 Due to a very low prevalence of highly active participants, we had to combine those who reported a moderate and a high level of activity, and this may explain the missing mediating effect of HDL-C in our study.
Body mass index could be an intermediate variable between physical activity and mortality and thus explain why HDL-C is not important in the analyses of the risk of fatal IHD. However, the regression coefficients were essentially similar in the multivariable model with and without the adjustment for body mass index, which suggests that body mass index in these settings did not mediate the effect of physical activity on the risk of fatal IHD (data not shown). The risk lowering effect of physical activity among non-drinkers may therefore be due to other beneficial effects of physical activity, as previously described. Further, we expected that the effect of alcohol on the risk of fatal IHD would be minimized among highly active participants, but the results indicate that physical activity cannot compensate for weekly alcohol intake among the group of moderate to highly physically active persons (Figure 1). We might have seen the expected effect if the population included a sufficient number of persons who achieved the highest level of physical activity. It might also be due to overreporting of the level of physical activity or simply that a weekly alcohol intake has other important risk lowering effects on the circulatory system than those achieved by physical activity.
Although the inactive non-drinkers can benefit from both physical activity and alcohol intake, there might be a specific reason for alcohol abstention such as religion, previous alcoholism, or pregnancy. Therefore, it is important that non-drinkers can reduce their risk of fatal IHD by being physically active.
                    All-cause mortality

The physically active had a significant risk lowering effect of a moderate weekly alcohol intake and this was in contrast to the physically inactive, who did not have this effect of a moderate weekly alcohol intake (Figure 2). Drinking pattern in terms of type of alcohol consumed and steady or binge drinking might explain this difference between the physically active and inactive. A larger proportion of the physically active preferred to drink wine compared to the physically inactive (Table 1), but information on whether the alcohol was consumed dispersed during the week or congregated on few days was not obtained through the questionnaire. It has been suggested that substances present in wine, but not in beer and spirits, are responsible for the lower mortality among wine drinkers.35–38 Hence, the preventive effect of a moderate alcohol intake on all-cause mortality among the physically active may be due to a healthy drinking pattern.
                    Limitations

Although the size, the prospective design, and the long follow-up time strengthen this study, accuracy of the registers, confounding, and misclassification are potential limitations.
The cause of death may not be accurately registered due to the low percentage of autopsy, but it is improbable that participants suffered unrecognized deaths.39
We stratified by gender and adjusted for age, smoking, body mass index, education, marital status, and diabetes, but confounding may still be possible, especially as this cohort has no information on dietary intake. The physically active potentially have a healthier diet than the inactive, and those who drink moderately potentially have a healthier diet than non-drinkers, which may have confounded our results. The preventive effect of physical activity and alcohol intake may, instead, be due to a healthier diet or to effects of diet in interaction with physical activity or alcohol intake.
Further, we dichotomized the level of physical activity and categorized alcohol intake in order to perform the analyses of the combined effects, which have resulted in loss of information. Level of physical activity and alcohol intake obtained through a questionnaire could be subject to misclassification. Overreporting of physical activity level would result in lower beneficial effects of physical activity and may have attenuated our results with the consequence that the real difference between the physical active and inactive would be greater.
The physical activity question used in this population study has revealed associations between the level of leisure-time physical activity and mortality in other population studies.40,41 Additionally, the question has been shown to discriminate sedentary persons from their more active counterparts with respect to maximal oxygen uptake.42 It is likely that some of those participants grouped as physically inactive are active at work. However, when we adjusted for physical activity at work, our results did not change.
The group of non-drinkers is a mixture of never drinkers and rare drinkers and may also be a mixture of former heavy drinkers, drinkers who underreport, and people who are ill and therefore have stopped drinking.43 If non-drinkers in the present study were actually heavy drinkers or recent heavy drinkers, the risk of mortality related to heavy drinking would be higher and the risk among non-drinkers lower than observed. However, one of our endpoints were fatal IHD, an illness not particularly related to heavy drinking and the real difference between the non-drinkers and moderate drinkers may be even greater.
Further, we excluded participants who had an IHD diagnose before the examination in 1981–83, as they had a high risk for relapse and, as a consequence, may have changed their lifestyle. Some participants may have had undiagnosed symptoms of IHD prior to the examination in 1981–83. If this has caused lifestyle changes regarding alcohol intake and physical activity, this could bias our results. However, when cases that occurred during the first 5 years of follow-up were excluded, the results were essentially similar in both the analyses on the risk of fatal IHD and all-cause mortality. Excluding diabetics at baseline instead of adjusting for diabetes did not alter the results either.
In this study, 70% of the original invited cohort participated. It cannot be excluded that a decision not to participate could be related to alcohol consumption and maybe physical inactivity. Heavy alcohol consumption could be associated with social prejudices making heavy drinkers feel disinclined to participate in health surveys. Thus, the results of this study cannot necessarily be generalized to groups with extremely heavy alcohol consumption. This is probably not a problem with physical activity, as 17% of the population reported that they were physical inactive, but we might have captured the healthiest of the physically inactive.
In conclusion, non-drinkers who are physically inactive are a high-risk group for fatal IHD and all-cause mortality. Physical activity and a moderate alcohol intake can lower the risk of fatal IHD and all-cause mortality. Hence, as there might be reasons for alcohol abstention, it is important that physical activity can reverse some of the adverse health effects associated with alcohol abstention. But neither physical activity alone nor alcohol intake can completely reverse the increased risk associated with physical inactivity and alcohol abstention. Thus, both physical activity and alcohol intake are important to lower the risk of fatal IHD and all-cause mortality.
                    Funding

This study was supported by grants from the Danish Heart Foundation.
                    Acknowledgements

We thank the participants of the Copenhagen City Heart Study.
Conflict of interest: none declared.
                    References


1Schnohr
 P

,  Lange
 P

,  Scharling
 H

,  Jensen
 JS

. Long-term physical activity in leisure time and mortality from coronary heart disease, stroke, respiratory diseases, and cancer. The Copenhagen City Heart Study
, Eur J Cardiovasc Prev Rehabil
, 2006
, vol. 13
 (pg. 173
-179
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





2Sesso
 HD

,  Paffenbarger
 RS

,  Lee
 IM

. Physical activity and coronary heart disease in men – the Harvard Alumni Health Study
, Circulation
, 2000
, vol. 102
 (pg. 975
-980
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





3Berlin
 JA

,  Colditz
 GA

. A Metaanalysis of Physical-Activity in the Prevention of Coronary Heart-Disease
, Am J Epidemiol
, 1990
, vol. 132
 (pg. 612
-628
)
Google Scholar
PubMed
OpenURL Placeholder Text
WorldCat
 





4Shaper
 AG

,  Wannamethee
 G

. Physical-activity and ischemic-heart-disease in middle-aged british men
, Br Heart J
, 1991
, vol. 66
 (pg. 384
-394
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





5Barengo
 NC

,  Hu
 G

,  Lakka
 TA

,  Pekkarinen
 H

,  Nissinen
 A

,  Tuomilehto
 J

. Low physical activity as a predictor for total and cardiovascular disease mortality in middle-aged men and women in Finland
, Eur Heart J
, 2004
, vol. 25
 (pg. 2204
-2211
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





6Kujala
 UM

,  Kaprio
 J

,  Sarna
 S

,  Koskenvuo
 M

. Relationship of leisure-time physical activity and mortality – The Finnish Twin Cohort
, JAMA
, 1998
, vol. 279
 (pg. 440
-444
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





7Lee
 IM

,  Paffenbarger
 RS
Jr
. Associations of light, moderate, and vigorous intensity physical activity with longevity: the Harvard Alumni Health Study
, Am J Epidemiol
, 2000
, vol. 151
 (pg. 293
-299
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





8Varo
 JJ

,  Martinez-Gonzalez
 MA

,  De Irala-Estevez
 J

,  Kearney
 J

,  Gibney
 M

,  Martinez
 JA

. Distribution and determinants of sedentary lifestyles in the European Union
, Int J Epidemiol
, 2003
, vol. 32
 (pg. 138
-146
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





9Corrao
 G

,  Rubbiati
 L

,  Bagnardi
 V

,  Zambon
 A

,  Poikolainen
 K

. Alcohol and coronary heart disease: a meta-analysis
, Addiction
, 2000
, vol. 95
 (pg. 1505
-1523
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





10Criqui
 MH

. Alcohol and coronary heart disease: consistent relationship and public health implications
, Clinica Chimica Acta
, 1996
, vol. 246
 (pg. 51
-57
)
Google Scholar
Crossref
Search ADS
 
WorldCat
 





11Rimm
 EB

,  Williams
 P

,  Fosher
 K

,  Criqui
 M

,  Stampfer
 MJ

. Moderate alcohol intake and lower risk of coronary heart disease: meta-analysis of effects on lipids and haemostatic factors
, BMJ
, 1999
, vol. 319
 (pg. 1523
-1528
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





12Gmel
 G

,  Gutjahr
 E

,  Rehm
 J

. How stable is the risk curve between alcohol and all-cause mortality and what factors influence the shape? A precision-weighted hierarchical meta-analysis
, Eur J Epidemiol
, 2003
, vol. 18
 (pg. 631
-642
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





13Bagnardi
 V

,  Zambon
 A

,  Quatto
 P

,  Corrao
 G

. Flexible meta-regression functions for modeling aggregate dose-response data, with an application to alcohol and mortality
, Am J Epidemiol
, 2004
, vol. 159
 (pg. 1077
-1086
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





14Chandrashekhar
 Y

,  Anand
 IS

. Exercise as a coronary protective factor
, Am Heart J
, 1991
, vol. 122
 (pg. 1723
-1739
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





15Kiens
 B

,  Lithell
 H

. Lipoprotein metabolism influenced by training-induced changes in human skeletal-muscle
, J Clin Invest
, 1989
, vol. 83
 (pg. 558
-564
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





16Puddey
 IB

,  Zilkens
 RR

,  Croft
 KD

,  Beilin
 LJ

. Alcohol and endothelial function: a brief review
, Clin Exp Pharmacol Physiol
, 2001
, vol. 28
 (pg. 1020
-1024
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





17Agarwal
 DP

. Cardioprotective effects of light-moderate consumption of alcohol: a review of putative mechanisms
, Alcohol Alcohol
, 2002
, vol. 37
 (pg. 409
-415
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





18Appleyard
 M

. The Copenhagen City Heart Study: a book of tables with data from the first examination (1976–78) and a five-year follow-up (1981–83)
, Scand J Soc Med
, 1989
, vol. 170
 Suppl. 41
(pg. 1
-160
)Google Scholar
OpenURL Placeholder Text
WorldCat
 





19Saltin
 B

,  Grimby
 G

. Physiological analysis of middle-aged and old former athletes. Comparison with still active athletes of the same ages
, Circulation
, 1968
, vol. 38
 (pg. 1104
-1115
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





20Greenland
 S

,  Pearl
 J

,  Robins
 JM

. Causal diagrams for epidemiologic research
, Epidemiology
, 1999
, vol. 10
 (pg. 37
-48
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





21Pedersen
 CB

,  Gotzsche
 H

,  Moller
 JO

,  Mortensen
 PB

. The Danish Civil Registration System. A cohort of eight million persons
, Dan Med Bull
, 2006
, vol. 53
 (pg. 441
-449
)
Google Scholar
PubMed
OpenURL Placeholder Text
WorldCat
 





22Fung
 TT

,  Hu
 FB

,  Yu
 J

,  Chu
 NF

,  Spiegelman
 D

,  Tofler
 GH

,  Willett
 WC

,  Rimm
 EB

. Leisure-time physical activity, television watching, and plasma biomarkers of obesity and cardiovascular disease risk
, Am J Epidemiol
, 2000
, vol. 152
 (pg. 1171
-1178
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





23Thune
 I

,  Njolstad
 I

,  Lochen
 ML

,  Forde
 OH

. Physical activity improves the metabolic risk profiles in men and women – the Tromso Study
, Arch Intern Med
, 1998
, vol. 158
 (pg. 1633
-1640
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





24Salonen
 JT

,  Hamynen
 H

,  Leino
 U

,  Kostiainen
 E

,  Sahi
 T

. Relation of alcohol, physical activity, dietary fat and smoking to serum HDL and total cholesterol in young Finnish men
, Scand J Soc Med
, 1985
, vol. 13
 (pg. 99
-102
)
Google Scholar
PubMed
OpenURL Placeholder Text
WorldCat
 





25Savolainen
 MJ

,  Kesaniemi
 YA

. Effects of alcohol on lipoproteins in relation to coronary heart-disease
, Curr Opin Lipidol
, 1995
, vol. 6
 (pg. 243
-250
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





26Criqui
 MH

,  Cowan
 LD

,  Tyroler
 HA

,  Bangdiwala
 S

,  Heiss
 G

,  Wallace
 RB

,  Cohn
 R

. Lipoproteins as mediators for the effects of alcohol-consumption and cigarette-smoking on cardiovascular mortality – results from the Lipid Research Clinics Follow-Up-Study
, Am J Epidemiol
, 1987
, vol. 126
 (pg. 629
-637
)
Google Scholar
PubMed
OpenURL Placeholder Text
WorldCat
 





27Mukamal
 KJ

,  Jensen
 MK

,  Gronbaek
 M

,  Stampfer
 MJ

,  Manson
 JAE

,  Pischon
 T

,  Rimm
 EB

. Drinking frequency, mediating biomarkers, and risk of myocardial infarction in women and men
, Circulation
, 2005
, vol. 112
 (pg. 1406
-1413
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





28Ridker
 PM

,  Glynn
 RJ

,  Hennekens
 CH

. C-Reactive protein adds to the predictive value of total and HDL cholesterol in determining risk of first myocardial infarction
, Circulation
, 1998
, vol. 97
 (pg. 2007
-2011
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





29Panagiotakos
 DB

,  Pitsavos
 C

,  Chrysohoou
 C

,  Kavouras
 S

,  Stefanadis
 C

. The associations between leisure-time physical activity and inflammatory and coagulation markers related to cardiovascular disease: the ATTICA Study
, Prev Med
, 2005
, vol. 40
 (pg. 432
-437
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





30Rauramaa
 R

,  Salonen
 JT

,  Seppanen
 K

,  Salonen
 R

,  Venalainen
 JM

,  Ihanainen
 M

,  Rissanen
 V

. Inhibition of platelet aggregability by moderate-intensity physical exercise – a randomized clinical-trial in overweight men
, Circulation
, 1986
, vol. 74
 (pg. 939
-944
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





31Lee
 KW

,  Lip
 GYH

. Effects of lifestyle on hemostasis, fibrinolysis, and platelet reactivity: a systematic review
, Arch Intern Med
, 2003
, vol. 163
 (pg. 2368
-2392
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





32Langer
 RD

,  Criqui
 MH

,  Reed
 DM

. Lipoproteins and blood pressure as biological pathways for effect of moderate alcohol consumption on coronary heart disease
, Circulation
, 1992
, vol. 85
 (pg. 910
-915
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





33Suh
 I

,  Shaten
 BJ

,  Cutler
 JA

,  Kuller
 LH

. Alcohol use and mortality from coronary heart disease: the role of high-density lipoprotein cholesterol. The Multiple Risk Factor Intervention Trial Research Group
, Ann Intern Med
, 1992
, vol. 116
 (pg. 881
-887
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





34Durstine
 JL

,  Grandjean
 PW

,  Cox
 CA

,  Thompson
 PD

. Lipids, lipoproteins, and exercise
, J Cardiopulm Rehabil
, 2002
, vol. 22
 (pg. 385
-398
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





35Theobald
 H

,  Bygren
 LO

,  Carstensen
 J

,  Engfeldt
 P

. A moderate intake of wine is associated with reduced total mortality and reduced mortality from cardiovascular disease
, J Stud Alcohol
, 2000
, vol. 61
 (pg. 652
-656
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





36Wannamethee
 SG

,  Shaper
 AG

. Type of alcoholic drink and risk of major coronary heart disease events and all-cause mortality
, Am J Public Health
, 1999
, vol. 89
 (pg. 685
-690
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





37Gronbaek
 M

. Factors influencing the relation between alcohol and mortality – with focus on wine
, J Intern Med
, 2001
, vol. 250
 (pg. 291
-308
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





38Gronbaek
 M

,  Becker
 U

,  Johansen
 D

,  Gottschau
 A

,  Schnohr
 P

,  Hein
 HO

,  Jensen
 G

,  Sorensen
 TI

. Type of alcohol consumed and mortality from all causes, coronary heart disease, and cancer
, Ann Intern Med
, 2000
, vol. 133
 (pg. 411
-419
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





39Juel
 K

,  Helweg-Larsen
 K

. The Danish registers of causes of death
, Dan Med Bull
, 1999
, vol. 46
 (pg. 354
-357
)
Google Scholar
PubMed
OpenURL Placeholder Text
WorldCat
 





40Andersen
 LB

,  Schnohr
 P

,  Schroll
 M

,  Hein
 HO

. All-cause mortality associated with physical activity during leisure time, work, sports, and cycling to work
, Arch Intern Med
, 2000
, vol. 160
 (pg. 1621
-1628
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





41Lissner
 L

,  Bengtsson
 C

,  Bjorkelund
 C

,  Wedel
 H

. Physical activity levels and changes in relation to longevity. A prospective study of Swedish women
, Am J Epidemiol
, 1996
, vol. 143
 (pg. 54
-62
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





42Saltin
 B

. Hansen
 AT

,  Schnohr
 P

,  Rose
 G

. Physiological effects of physical conditioning
, Ischaemic Heart Disease: the Strategy of Postponement
, 1977
Chicago, IL
Year Book Medical Publishers
(pg. 104
-115
)Google Scholar
Google Preview
OpenURL Placeholder Text
WorldCat
COPAC
 





43Wannamethee
 G

,  Shaper
 AG

. Men who do not drink – a report from the British-Regional-Heart-Study
, Int J Epidemiol
, 1988
, vol. 17
 (pg. 307
-316
)
Google Scholar
Crossref
Search ADS
 
PubMed
WorldCat
 





    
    
         
    




        


        
Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2008. For permissions please email: journals.permissions@oxfordjournals.org


        

    








 
    

    
            
        Topic:

        	
                    physical activity
                
	
                    myocardial ischemia
                
	
                    alcohol drinking
                
	
                    mortality
                


    

 
    

    
        
    
                
                    Issue Section:

                        Prevention and epidemiology
                


    



 
    

    
        
 
    


                

                
                    Download all slides
                

    
            
        	
            
                Supplementary data
            

        

Supplementary data

        AddSuppFiles-4 - ppt file

        AddSuppFiles-3 - jpg file

        AddSuppFiles-2 - ppt file

        AddSuppFiles-1 - jpg file

 
    

                    
         
    


                
    
        

 
    

    
         
    


                

            

        


    




    
        
    
        
            
        

            Advertisement intended for healthcare professionals

            


 
    

 

    

 

    

    
        



        


    
            
                Citations

                    
    
        

 
    


                    

                            

                    
                Views

                
                    2,109

                

            

                    
                    Altmetric

                    
    
            
    

         
 
    


                    



            

                    
                
                    
                    More metrics information
                
            

    




                
                    




    
            Metrics


            
                
                    
                        Total Views
                        2,109
                    

                    
                        
                            1,747
                            Pageviews
                        

                        
                            362
                            PDF Downloads
                        

                                            

                

                Since 1/1/2017

            


            
            
                


                
                    	Month:	Total Views:
	January 2017	1
	February 2017	13
	March 2017	8
	April 2017	11
	May 2017	1
	June 2017	4
	July 2017	3
	August 2017	7
	September 2017	5
	October 2017	9
	November 2017	11
	December 2017	25
	January 2018	21
	February 2018	31
	March 2018	26
	April 2018	44
	May 2018	66
	June 2018	42
	July 2018	40
	August 2018	44
	September 2018	49
	October 2018	43
	November 2018	69
	December 2018	37
	January 2019	33
	February 2019	45
	March 2019	63
	April 2019	57
	May 2019	50
	June 2019	67
	July 2019	43
	August 2019	41
	September 2019	46
	October 2019	39
	November 2019	46
	December 2019	33
	January 2020	41
	February 2020	41
	March 2020	40
	April 2020	34
	May 2020	26
	June 2020	49
	July 2020	57
	August 2020	39
	September 2020	62
	October 2020	18
	November 2020	9
	December 2020	9
	January 2021	3
	February 2021	4
	March 2021	9
	April 2021	16
	May 2021	4
	June 2021	14
	July 2021	8
	August 2021	5
	September 2021	17
	October 2021	8
	November 2021	8
	December 2021	9
	January 2022	10
	February 2022	7
	March 2022	5
	April 2022	12
	May 2022	9
	June 2022	12
	July 2022	35
	August 2022	17
	September 2022	18
	October 2022	16
	November 2022	15
	December 2022	14
	January 2023	7
	February 2023	14
	March 2023	14
	April 2023	19
	May 2023	38
	June 2023	12
	July 2023	12
	August 2023	24
	September 2023	20
	October 2023	7
	November 2023	22
	December 2023	18
	January 2024	15
	February 2024	11
	March 2024	3


                

            



        
            Citations

                
    
        

 
    


                    Powered by Dimensions
                

                                
                        
                                31
                        
                        Web of Science
                    

        



        
            Altmetrics

            

    
            
    

         
 
    

            

        






    

                        ×
                    

                

        


 
    

    
        
    
        Email alerts

                
                    Article activity alert
                

                
                    Advance article alerts
                

                
                    New issue alert
                

                    
                Receive exclusive offers and updates from Oxford Academic
            

        
            

            
                
            
        

    

 
    

    
            


 
    

    
         
    

    
        Related articles in PubMed


        
            
                    Bovine milk ß-casein: Structure, properties, isolation, and targeted application of isolated products.

                
            

        

        
            
                    Artemisia argyi extracts overcome lapatinib resistance via enhancing TMPRSS2 activation in HER2-positive breast cancer.

                
            

        

        
            
                    Cerebral palsy of the child in rehabilitation environment: epidemiologic and clinical profile and therapeutic modalities.

                
            

        

        
            
                    [Not Available].

                
            

        




 
    

    
        
    Citing articles via

    
            
                Web of Science (31)
            

                    
                Google Scholar
            

            


 
    

    
            	
                
                    Latest
                

            
	
                
                    Most Read
                

            
	
                
                    Most Cited
                

            


        






    




            
                    


    


    



        
Challenges in arrhythmias: anticoagulation in asymptomatic atrial fibrillation, stellate ganglion block in electrical storm, and ECG for prediction of sudden death    



 






        
            
        







    


    



        
Understanding immunometabolism in cardiovascular disease: translating research into practice    



 






        
            
        







    


    



        
A healthy diet should consider environmental impact    



 






        
            
        







    


    



        
Extracellular vesicles as vehicles for drug delivery to the heart    



 






        
            
        







    


    



        
Unsuccessful ageing: from frailty to cardiovascular disease    



 






        
            
        






                    

            





        
        
        
        
        
 
    

    
            
        More from Oxford Academic

            
                Cardiovascular Medicine
            

            
                Clinical Medicine
            

            
                Medicine and Health
            


            
                Books
            

            
                Journals
            

    

 
    

    
        
    
        
            Looking for your next opportunity?
        

    


        
                
                    Sleep Medicine Neurologist

                    
                        Sacramento, California
                    

                

                
                    ACADEMIC SURGICAL PATHOLOGIST

                    
                        , Vermont
                    

                

                
                    Academic Molecular Genetic Pathologist-Solid Tumor & Hematologic Malignancies

                    
                        , Vermont
                    

                

                
                    Open Rank Informatics Research Faculty Position (Tenure/Non-Tenure Track Opportunities)

                    
                        Cleveland, Ohio
                    

                

        

        View all jobs


    
        

        

    



 
    


    




    



    
        
    
        
            
        

            Advertisement intended for healthcare professionals

            


 
    













                

            
    


        
        


        
            


    
    
        
    
        
            
        

            Advertisement intended for healthcare professionals

                    
                close advertisement
            
    


 
    


    


    
            
    
        
    
        
            
        

            Advertisement intended for healthcare professionals

            


 
    


    



    



    	
    Twitter

	
    YouTube

	
    LinkedIn







        
            

    
                        


        
            	Online ISSN 1522-9645
	Print ISSN 0195-668X
	Copyright © 2024 European Society of Cardiology


        



    


 
    


    
        
    
        



    
    



	About Oxford Academic
	Publish journals with us
	University press partners
	What we publish
	New features 





	Authoring
	Open access
	Purchasing
	Institutional account management
	Rights and permissions





	Get help with access
	Accessibility
	Contact us
	Advertising
	Media enquiries





	Oxford University Press
	News
	Oxford Languages
	University of Oxford





Oxford University Press is a department of the University of Oxford. It furthers the University's objective of excellence in research, scholarship, and education by publishing worldwide








	Copyright © 2024 Oxford University Press
	Cookie settings
	Cookie policy
	Privacy policy
	Legal notice










 
    


        

    

    

    


        








    



    
        
    

    Close




    
        

    

    Close






    
        This Feature Is Available To Subscribers Only

        Sign In or Create an Account

    

    Close




    This PDF is available to Subscribers Only

    View Article Abstract & Purchase Options
    
        For full access to this pdf, sign in to an existing account, or purchase an annual subscription.

    

    Close


 
    


    







    
    














    
    
    
        
            
        











    


    
    
    
    

    



    

    
    




    

    
            

 
    


    




        
    

