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Abstract
Aims/hypothesis Higher habitual coffee drinking has been
associated with a lower risk of developing type 2 diabetes.
The relation between coffee consumption and risk of
cardiovascular disease (CVD) has been examined in many
studies, but the issue remains controversial. This study was
designed to assess the association between coffee consump-
tion and CVD mortality among patients with type 2
diabetes.
Methods We prospectively followed 3,837 randomly ascer-
tained Finnish patients with type 2 diabetes aged 25 to

74 years. Coffee consumption and other study parameters
were determined at baseline. The International Classifica-
tion of Diseases was used to identify CHD, CVD and stroke
cases using computerised record linkage to the national
Death Registry. The associations between coffee consump-
tion at baseline and risk of total, CVD, CHD, and stroke
mortality were analysed by using Cox proportional hazards
models.
Results During the average follow-up of 20.8 years, 1,471
deaths were recorded, of which 909 were coded as CVD,
598 as CHD and 210 as stroke. The respective multivariate-
adjusted hazard ratios in participants who drank 0–2, 3–4,
5–6, and Q7 cups of coffee daily were 1.00, 0.77, 0.68 and
0.70 for total mortality (P<0.001 for trend), 1.00, 0.79, 0.70
and 0.71 for CVD mortality (P=0.006 for trend), 1.00, 0.78,
0.70 and 0.63 for CHD mortality (p=0.01 for trend), and
1.00, 0.77, 0.64 and 0.90 for stroke mortality (p=0.12 for
trend).
Conclusions/interpretation In this large prospective study
we found that in type 2 diabetic patients coffee drinking is
associated with reduced total, CVD and CHD mortality.
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Introduction

Type 2 diabetes is characterised by the progressive
development of microvascular and macrovascular compli-
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cations. These complications, and in particular atheroscle-
rotic lesions, are the main causes for most of the increased
morbidity and mortality in type 2 diabetes and persons
with the disease are at much higher risk of fatal ischaemic
heart disease and stroke [1–3]. In general type 2 diabetes
increases the risk of cardiovascular disease (CVD)
mortality by about threefold compared with non-diabetic
subjects. Suggested mechanisms for this effect include
increased atherosclerosis, hypercoagulability and hyper-
tension, but a complete explanation has yet to be
formulated [4].

Coffee is probably one of the most frequently consumed
beverages in the world, and recent cohort studies [5–7] and
a systematic review by Van Dam et al. [8] revealed that
coffee consumption has been associated with a substantially
lower risk of developing type 2 diabetes. On the other hand,
in the many studies examining the role of coffee consump-
tion in the risk of CVD, most [9–12], but not all [13–16],
including those that found coffee to be a CVD risk
augmenter, found no association. In a newly published
investigation [17], the authors found that coffee may
increase risk of non-fatal myocardial infarction, but only
among individuals with a certain genotype and with slow
caffeine metabolism. Moreover, no previous studies have
examined the association between coffee consumption and
the risk of CVD mortality among patients with type 2
diabetes. The aim of this study therefore was to examine
the association between coffee consumption and the risk
of total, CVD, CHD and stroke mortality among Finnish
type 2 diabetic patients participating in population-based
surveys.

Subjects and methods

Participants

Six independent cross-sectional population surveys were
carried out in the Kuopio and North Karelia provinces in
eastern Finland in 1972, 1977, 1982, 1987, 1992 and 1997
[18]. The survey was expanded to the Turku–Loimaa
region in southwestern Finland in 1982, to the Helsinki
capital area in 1992 and to the northern province of Oulu in
1997. In 1972 and 1977, a randomly selected sample
(6.6%) of the population born between 1913 and 1947 was
drawn. Since 1982, the sample has been stratified by area,
sex and 10-year age group according to the WHO
FMonitoring trends and determinants of cardiovascular
disease_ protocol [19]. In the six surveys, the subjects
included were 25 to 64 years of age, and in the 1997 survey
subjects between the ages of 65 and 74 years were also
included. Subjects who participated in more than one
survey were included only in the first survey cohort. The

total sample size of the six surveys was 53,166. The
participation rate varied by year from 74% to 88% [18]. All
participants gave informed consent (verbal for the years
1972–1992, written for 1997). These surveys were con-
ducted according to the ethical rules of the National Public
Health Institute, and the investigations were carried out in
accordance with the Declaration of Helsinki.

Among the subjects who participated in the above-
mentioned six independent cross-sectional population sur-
veys, diabetes, and therefore eligibility for inclusion in the
present analysis, was established according to the following
criteria: (1) subject reported having diabetes on the
questionnaire at the baseline survey; (2) subject had a
hospital discharge diagnosis of diabetes between 1968 and
2002; (3) subject was entitled to special reimbursement for
anti-diabetic drugs according to the National Social
Insurance Institution_s Drug Register between 1964 and
2002. The National Hospital Discharge Register and Drug
Register data were linked to the risk factor survey data with
the unique personal identification numbers assigned to
every resident of Finland. The Hospital Discharge Register
has reported the codes for type 1 and type 2 diabetes
separately since 1987. Glucose-lowering drugs prescribed
by a physician are free of charge in Finland and subject to
approval of the Social Insurance Institution based on a
review of each case history. The physician confirms the
diagnosis of diabetes by applying the WHO criteria, i.e.: (1)
one or more classic symptoms plus a fasting plasma
glucose level Q7.8 mmol/l (Q7.0 mmol/l from 1998) or an
OGTT result Q11.1 mmol/l; (2) at least one raised plasma
glucose concentration for fasting plasma glucose, i.e.
Q7.8 mmol/l (Q7.0 mmol/l from 1998) or for the OGTT,
i.e. Q11.1 mmol/l in the absence of symptoms; or (3)
treatment with a hypoglycaemic drug (oral antidiabetic
agents or insulin) [20, 21] All approvals of patients
receiving free medication are entered into a register
maintained by the Social Insurance Institution. A total of
4,453 people were recognised as having diabetes. Of these,
503 were excluded because they had either CHD or stroke
at baseline or had type 1 diabetes at baseline or detected
during follow-up; another 113 were excluded because data
on coffee consumption, physical activity, BMI, blood
pressure, serum cholesterol level or smoking status were
incomplete. Thus, 3,837 patients were included in the
present study.

Measurements

A self-administered questionnaire was sent to the partic-
ipants to be completed at home. The questionnaire included
questions on medical history, socioeconomic factors,
physical activity, coffee, tea and alcohol consumption, and
smoking habits. Education level, measured as the total
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number of school years, was divided into birth-cohort-
specific tertiles. Based on the responses, the participants
were classified as never, ex- and current-smokers. Current
smokers were categorised into those who smoked <20, or
Q20 cigarettes per day. Physical activity included occupa-
tional, commuting and leisure time physical activity. The
subjects reported their occupational physical activity
according to the following three categories: low, moderate,
and high. Self-reported leisure time physical activity was
classified into three categories: low, moderate, and high.
The daily commuting return journey was grouped into three
categories: (1) those using motorised transportation or not
in work (0 min of walking or cycling); (2) those walking or
bicycling 1 to 29 min; (3) those walking or bicycling for
more than 30 min. Since our group has found that moderate
and high occupational, commuting (Q1 min) or leisure-time
physical activity independently and significantly reduces
risk of total and CVD mortality among diabetic patients
[22, 23], physical activities were merged and regrouped
into three categories: (1) low for subjects who reported light
levels of occupational, commuting (<1 min) and leisure-
time physical activity; (2) moderate for subjects who
reported moderate to high physical activity in only one of
the three categories; (3) high for subjects who reported
moderate to high physical activity in two or three of the
three categories.

The participants were asked: FHow many cups of coffee
or tea do you drink per day (one cup of coffee equal to
100 ml; one cup of tea equal to 200 ml)?_ [11] Coffee
consumption was categorised into five categories: 0–2 cups,
3–4 cups, 5–6 cups, and Q7 cups. As only a few people
drank tea, tea consumption was categorised into three
categories: none, 1–2 cups, and Q3 cups. Since questions on
alcohol consumption were worded differently between the
first two surveys (1972 and 1977) and the latter surveys,
participants were categorised into abstainers and alcohol
users.

At the study site, specially trained research nurses
checked that the questionnaire was fully completed and
measured blood pressure, height and weight using a
standardised protocol [20]. Blood pressure was measured
after 5 min of rest using a standard mercury manometer.
Height was measured without shoes. Weight was measured
with light clothing. BMI was calculated as weight in
kilograms divided by the square of the height in metres
(kg/m2). After blood pressure measurement, a venous blood
specimen was drawn. Serum total cholesterol was deter-
mined using the Lieberman–Burchard method in 1972 and
1977, and an enzymatic method (CHOD-PAP; Boehringer
Mannheim, Mannheim, Germany) from 1982. The enzy-
matic assay method gave values 2.4% lower than the
Lieberman–Burchard method. The cholesterol values from
1972 and 1977 were corrected by this percentage. All

samples were analysed in the same laboratory at the
National Public Health Institute.

Prospective follow-up

The study cohorts were followed until the end of 2003
through computerised register linkage. Mortality data were
obtained from Statistics Finland and were linked with the
survey data using the personal identification number
assigned to every resident in Finland. The International
Classification of Diseases (8th, 9th and 10th Revisions)
were used to identify deaths from CHD (410–414 and I20–
I25), stroke (430–438 and I60–I66), and CVD (390–459
and I00–I99).

Statistical analysis

Differences in risk factors at different levels of coffee
consumption were tested using analysis of variance or
logistic regression after adjustment for age, sex, and study
year. The associations between coffee consumption at
baseline and the risk of total, CVD, CHD and stroke
mortality were analysed by using Cox proportional hazards
models. Different levels of coffee consumption were
included in the models as dummy variables, and the
significance of the trend over different categories of coffee
consumption was tested in the same models by assigning an
ordinal numeric value to each dummy variable. The
proportional hazards assumption in the Cox model was
assessed with graphical methods and with models including
time-by-covariate interactions [24]. In general, all propor-
tionality assumptions were appropriate. All analyses were
adjusted for age, study year, BMI, systolic blood pressure,
total cholesterol, education, physical activity, alcohol and
tea consumption, and smoking. The reference category of
0–2 cups per day was chosen, rather than the non-coffee
drinking category, for four reasons: (1) the risk of mortality
did not differ between coffee drinkers with 1–2 cups daily
and coffee abstainers (hazard ratios [HRs]: 1.04 for total
mortality and 0.98 for CVD mortality); (2) the risk of
mortality decreased in coffee drinkers with 3–4 cups daily
compared with coffee abstainers (HRs: 0.81 for total
mortality and 0.77 for CVD mortality); (3) the risk of
mortality decreased significantly in coffee drinkers with 3–
4 cups daily compared with coffee drinkers with 1–2 cups
daily (HRs: 0.74 for total mortality and 0.75 for CVD
mortality); (4) the 0–2 cups reference group contained
larger numbers of participants. Since the interactions of sex
and coffee consumption on mortality were not statistically
significant, men and women were combined in the
analyses. Statistical significance was considered to be
p<0.05. All statistical analyses were performed using SPSS
for Windows 13.0 (SPSS, Chicago, IL, USA).
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Results

During the average follow-up of 20.8 years, 1,471 deaths
were recorded, of which 909 were coded as CVD, 598 as
CHD and 210 as stroke. The baseline characteristics of the
study population are presented in Table 1. The median
coffee consumption daily was 5.0 cups (interquartile range
3.0–6.0 cups). After adjustment for age, sex and study year,
coffee consumption had a direct association with total
cholesterol level and cigarette smoking, and an inverse
association with education level, low physical activity and
tea drinking.

The respective HRs, adjusted for age, sex and study year,
in participants who drank 0–2, 3–4, 5–6, and Q7 cups of
coffee daily were 1.00, 0.79, 0.72, 0.79 for total mortality
(p=0.001 for trend), 1.00, 0.81, 0.75, 0.79 for CVD
mortality (P=0.04 for trend), 1.00, 0.81, 0.77, 0.71 for
CHD mortality (P=0.09 for trend), and 1.00, 0.75, 0.62,
0.90 for stroke mortality (p=0.08 for trend) (Table 2). After
further adjustment for BMI, systolic blood pressure, total
cholesterol, education, physical activity, alcohol and tea
consumption, and smoking, these inverse associations
became stronger and were significant for total mortality
(p<0.001 for trend), CVD mortality (p=0.006 for trend) and
CHD mortality (p=0.01 for trend), but no longer significant
for stroke mortality (p=0.12 for trend). When we included
all three types of physical activity (occupational, commut-
ing, leisure time) in the analysis, these associations did not
appreciably change (results not shown).

When coffee consumption was examined as a continu-
ous variable, the respective multivariate-adjusted HRs
associated with an increment of one cup of coffee per day
were 0.96 (95% CI 0.94–0.99; p=0.002) for total mortality,
0.97 (95% CI 0.94–0.99; p=0.02) for CVD mortality, 0.96
(95% CI 0.93–0.99; p=0.02) for CHD mortality, and 0.99
(95% CI 0.92–1.05; p=0.72) for stroke mortality (Table 3).

We also compared mortality in people drinking 0–2 cups of
coffee with that in people drinking 3 cups of coffee or
more. The multivariate-adjusted HRs in people drinking
3 cups of coffee or more compared with people drinking
0–2 cups of coffee daily were 0.72 (95% CI 0.62–0.83; p<
0.001) for total mortality, 0.73 (95% CI 0.61–0.89; p=
0.001) for CVD mortality, 0.71 (95% CI 0.57–0.90;
p=0.005) for CHD mortality, and 0.73 (95% CI 0.50–
1.09; p=0.12) for stroke mortality (Table 3).

There was a non-significant inverse association between
tea consumption and mortality from all causes, CVD and
CHD (Table 4). When tea drinkers were combined as one
group, the multivariate-adjusted HRs in tea drinkers versus
tea abstainers were 0.85 (95% CI 0.75–0.96; p=0.008) for
total mortality, 0.85 (95% CI 0.73–0.99; p=0.04) for CVD
mortality, and 0.83 (95% CI 0.69–1.00; p=0.05) for CHD
mortality.

A multivariate adjusted inverse association between
coffee consumption and total mortality was present in
subjects aged 25 to 54 years (p<0.001 for trend) and 55 to
74 years (p=0.06 for trend), both in men (p=0.004 for trend)
and in women (p=0.02 for trend) (Table 5). The multivar-
iate-adjusted HRs for total mortality in people drinking
3 cups of coffee or more compared with people drinking
0–2 cups of coffee daily were 0.67 (95% CI 0.54–0.82;
p<0.001) in subjects aged 25 to 54 years, 0.76 (95% CI,
0.61–0.94; p=0.01) in subjects aged 55 to 74 years, 0.71
(95% CI 0.57–0.87; p=0.001) in men, and 0.73 (95% CI
0.59–0.90; p=0.004) in women. A statistically significant
inverse association between coffee consumption and CVD
mortality was found in subjects aged 25 to 54 years (p=0.01
for trend), and in women (p=0.03 for trend). The inverse
association between coffee consumption and CHD mortal-
ity was statistically significant in subjects aged 25 to
54 years (p=0.04 for trend).

Table 1 Baseline characteris-
tics by volume of coffee
consumption among subjects
with type 2 diabetes

Values represent meansTSD or
percentages unless otherwise
indicated. Adjusted for age,
sex, and study year
a One cup of coffee=100 ml

Daily coffee consumption (no. of cups)a p value

0–2 3–4 5–6 Q7

Number of participants 644 1,041 1,356 796
Women (%) 47.2 58.6 54.6 38.3
Age, years 48.8T11.3 49.7T10.3 49.4T10.3 47.8T9.9 <0.001
BMI (kg/m2) 29.4T5.1 29.8T5.1 30.0T5.2 29.9T5.2 0.07
Systolic blood pressure (mmHg) 152T23 153T24 153T24 153T24 >0.2
Diastolic blood pressure (mmHg) 93T13 93T13 93T13 92T13 >0.2
Total cholesterol (mmol/l) 6.3T1.3 6.5T1.3 6.6T1.4 6.6T1.3 0.001
Education (years) 8.3T3.9 8.0T3.6 7.5T3.2 7.2T3.1 <0.001
Low physical activity (%) 22.7 18.4 15.6 13.1 <0.001
Alcohol drinkers (%) 43.0 38.1 38.4 44.0 0.2
Tea drinkers (%) 58.1 39.9 21.3 11.4 <0.001
Current smoking (%) 22.8 20.7 25.5 45.9 <0.001
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Discussion

In this large prospective study we found an inverse
association between coffee consumption and the risk of
total, CVD and CHD mortality among patients with type 2
diabetes. Daily tea drinking was modestly and inversely
associated with the risk of total, CVD and CHD mortality
among patients with type 2 diabetes. These associations
were independent of age, BMI, systolic blood pressure,
total cholesterol, physical activity, alcohol drinking and
smoking.

Types 2 diabetes is a well-known risk factor for all-
cause, CVD and stroke mortality [23, 25–28]. A dose–
response relationship between level of hyperglycaemia and
both CVD deaths and all-cause mortality has been observed
[27]. Recently clear evidences released from cohort studies
[5–7] and a systematic review [8] revealed that the risk of
type 2 diabetes among habitual coffee consumers is
substantially lower than among non-coffee drinkers. On
the other hand, the relation between coffee consumption
and development or progression of CVD remains contro-
versial. Most of the previous cohort studies found no

Table 3 HRs (95% CIs) of total, CVD, CHD and stroke mortality by volume of coffee as continuous variable and by different volume of coffee
(Q3 cups vs 0–2 cups) among subjects with type 2 diabetes

Coffee as continuous variable Q3 cups vs 0–2 cups of coffee dailya

HRs (95% CIs) p value HRs (95% CIs) p value

Total mortality 0.96 (0.94–0.99) 0.002 0.72 (0.62–0.83) <0.001
Cardiovascular mortality 0.97 (0.94–0.99) 0.02 0.73 (0.61–0.89) 0.001
Coronary heart disease mortality 0.96 (0.93–0.99) 0.02 0.71 (0.57–0.90) 0.005
Stroke mortality 0.99 (0.92–1.05) >0.2 0.73 (0.92–1.05) 0.12

Values adjusted for age, sex, study year, BMI, systolic blood pressure, total cholesterol, education, alcohol and tea consumption, and smoking
status

a One cup of coffee=100 ml

Table 2 HRs (95% CIs) of total, CVD, CHD and stroke mortality by volume of coffee consumption among subjects with type 2 diabetes

Daily coffee consumption (no. of cups)a p value for trend

0–2 3–4 5–6 Q7

Total mortality
Number of deaths 247 384 529 311
Person-years 11,772 20,551 29,927 17,406
HRs, model 1b 1.00 0.79 (0.67–0.93) 0.72 (0.62–0.85) 0.79 (0.67–0.94) 0.001
HRs, model 1c 1.00 0.78 (0.66–0.92) 0.69 (0.59–0.82) 0.72 (0.60–0.87) <0.001
HRs, model 1d 1.00 0.77 (0.65–0.91) 0.68 (0.58–0.80) 0.70 (0.59–0.85) <0.001
CVD mortality
Number of deaths 146 241 337 185
HRs, model 1b 1.00 0.81 (0.66–0.99) 0.75 (0.62–0.92) 0.79 (0.63–0.98) 0.04
HRs, model 1c 1.00 0.80 (0.65–0.99) 0.73 (0.59–0.90) 0.74 (0.58–0.94) 0.02
HRs, model 1d 1.00 0.79 (0.64–0.97) 0.70 (0.57–0.86) 0.71 (0.56–0.90) 0.006
CHD mortality
Number of deaths 96 160 231 111
HRs, model 1b 1.00 0.81 (0.63–1.05) 0.77 (0.61–0.98) 0.71 (0.54–0.94) 0.09
HRs, model 1c 1.00 0.79 (0.61–1.03) 0.73 (0.57–0.95) 0.65 (0.48–0.88) 0.04
HRs, model 1d 1.00 0.78 (0.60–1.01) 0.70 (0.54–0.90) 0.63 (0.47–0.84) 0.01
Stroke mortality
Number of deaths 35 54 69 52
HRs, model 1b 1.00 0.75 (0.49–1.14) 0.62 (0.41–0.94) 0.90 (0.59–1.40) 0.08
HRs, model 1c 1.00 0.79 (0.51–1.22) 0.66 (0.43–1.03) 0.94 (0.58–1.52) 0.15
HRs, model 1d 1.00 0.77 (0.50–1.19) 0.64 (0.41–0.99) 0.90 (0.56–1.45) 0.12

a One cup of coffee=100 ml
b Adjusted for age, sex, and study year
c Adjusted for age, sex, study year, education, alcohol and tea consumption, and smoking status
d Adjusted for age, sex, study year, BMI, systolic blood pressure, total cholesterol, education, alcohol and tea consumption, and smoking status
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evidence of any positive association between coffee
consumption and risk of CHD [9–12], while a Scottish
cohort study [13] revealed that higher coffee consumption
was associated with lower risk of CVD among men but not

women. Kleemola et al. [14] in a study of a Finnish cohort
observed a lower risk of non-fatal myocardial infarction in
men with higher coffee consumption (>7 cups per day).
They also found a slight increase in CHD mortality in the

Table 4 HRs (95% CIs) of
total, CVD, CHD and stroke
mortality by volume of tea
consumption among subjects
with type 2 diabetes

a One cup of tea=200 ml
b Adjusted for age, sex, and
study year
c Adjusted for age, sex, study
year, education, alcohol and tea
consumption, and smoking
status
d Adjusted for age, sex, study
year, BMI, systolic blood
pressure, total cholesterol, edu-
cation, alcohol and coffee
consumption, and smoking
status

Daily tea consumption, cupsa p value for trend

0 1–2 Q3

Total mortality
Number of deaths 1,056 296 119
Person-years 55,944 17,436 6,276
HRs, model 1b 1.00 0.88 (0.77–1.00) 0.92 (0.76–1.11) 0.13
HRs, model 1c 1.00 0.84 (0.74–0.97) 0.85 (0.70–1.04) 0.03
HRs, model 1d 1.00 0.84 (0.73–0.96) 0.87 (0.71–1.06) 0.03
CVD mortality
Number of deaths 652 186 71
HRs, model 1b 1.00 0.89 (0.76–1.05) 0.88 (0.69–1.12) >0.2
HRs, model 1c 1.00 0.86 (0.72–1.02) 0.82 (0.63–1.06) 0.10
HRs, model 1d 1.00 0.85 (0.71–1.00) 0.85 (0.66–1.10) 0.11
CHD mortality
Number of deaths 430 126 42
HRs, model 1b 1.00 0.92 (0.75–1.12) 0.78 (0.57–1.07) >0.2
HRs, model 1c 1.00 0.87 (0.70–1.07) 0.72 (0.52–1.00) 0.09
HRs, model 1c 1.00 0.85 (0.69–1.05) 0.76 (0.54–1.05) 0.13
Stroke mortality
Number of deaths 143 44 23
HRs, model 1a 1.00 0.97 (0.69–1.37) 1.28 (0.82–1.98) >0.2
HRs, model 1c 1.00 0.97 (0.68–1.39) 1.23 (0.77–1.95) >0.2
HRs, model 1d 1.00 0.96 (0.67–1.37) 1.26 (0.79–2.00) >0.2

Table 5 HRs (95% CIs) of
total, CVD and CHD mortality
by volume of coffee consump-
tion among subjects with type
2 diabetes by various
subpopulations

Values adjusted for age, sex
(excluding in sex analysis),
study year, BMI, systolic blood
pressure, total cholesterol, ed-
ucation, alcohol and tea con-
sumption, and smoking status
a One cup of coffee=100 ml

HRs (95% CIs) Daily coffee consumption, cupsa p value for trend

0–2 3–4 5–6 Q7

Total mortality
Age (years)
25–54 1.00 0.74 (0.58–0.93) 0.61 (0.49–0.77) 0.66 (0.52–0.85) <0.001
55–74 1.00 0.79 (0.62–0.99) 0.73 (0.58–0.92) 0.73 (0.55–0.96) 0.06
Sex
Male 1.00 0.78 (0.61–0.99) 0.66 (0.52–0.83) 0.69 (0.54–0.89) 0.004
Female 1.00 0.77 (0.62–0.97) 0.69 (0.55–0.87) 0.72 (0.55–0.95) 0.02

CVD mortality
Age (years)
25–54 1.00 0.81 (0.60–1.10) 0.63 (0.46–0.85) 0.64 (0.46–0.90) 0.01
55–74 1.00 0.75 (0.56–1.00) 0.75 (0.56–0.99) 0.77 (0.55–1.09) 0.2
Sex
Male 1.00 0.82 (0.60–1.13) 0.74 (0.55–1.00) 0.74 (0.53–1.02) >0.2
Female 1.00 0.76 (0.57–1.00) 0.66 (0.49–0.87) 0.69 (0.49–0.98) 0.03

CHD mortality
Age (years)
25–54 1.00 0.87 (0.60–1.26) 0.64 (0.44–0.93) 0.62 (0.41–0.94) 0.04
55–74 1.00 0.71 (0.50–1.01) 0.74 (0.52–1.05) 0.61 (0.40–0.95) 0.15
Sex
Male 1.00 0.83 (0.57–1.21) 0.67 (0.46–0.96) 0.66 (0.44–0.98) 0.11
Female 1.00 0.75 (0.53–1.07) 0.74 (0.52–1.06) 0.61 (0.39–0.97) 0.19
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same group. Some other, mostly case–control, studies
found a positive association [16, 17]. Very recent data from
the Iowa Women_s Health Study cohort [29] revealed that
consumption of 1–3 cups of coffee per day could be
protective of total and CVD death. Another study of two
large cohorts [30] revealed no adverse association between
coffee consumption and risk of developing CHD. The
effects of coffee and caffeine on the certain risk factors for
CVD, such as blood pressure and serum cholesterol, have
also been reported. A long-term prospective study found
that coffee drinking is associated with a small increase in
blood pressure [31] and another study found that modest
doses of caffeine may increase blood pressure [32].
However, a study by Winkelmayer et al. [33] discovered
that consumption of coffee in women is not associated with
an increasing risk of developing hypertension. Coffee has
been reported to raise lipid parameters. However, there is
clear evidence that filtered coffee is free of two cholesterol-
raising ingredients (cafestol and kahweol) [34]; moreover a
positive effect of chronic intake of caffeine on serum lipids
has been reported [35]. We have previously found a graded
inverse association between coffee consumption and type 2
diabetes [7], and in this large cohort study we have now
established a reduced risk of total, CVD and CHD mortality
among patients who drank 2 cups or more of coffee daily.
This association was relatively strong and not affected by
the other confounding or effect-modifying factors included
in the analyses. After adjustment for the other CVD
potential risk factors, the result even became somewhat
stronger.

It has been suggested that oxidative stress is the common
pathogenic factor leading to insulin resistance, beta cell
dysfunction, impaired glucose tolerance and finally to type 2
diabetes [36]. Furthermore, this mechanism has been
implicated as the underlying cause of both the macro-
vascular and microvascular complications associated with
type 2 diabetes [37–40]. Blood glucose fluctuation during
postprandial glycaemic excursions in people with impaired
glucose tolerance or type 2 diabetes may contribute even
more significantly to oxidative stress than chronic elevation
of blood glucose [41]. There is much evidence from
experimental studies that the formation of free radicals
and presence of oxidative stress are a direct consequence of
hyperglycaemia [42–44], while postprandial hyperglycae-
mia is a significant predictor of CVD both in non-diabetic
subjects and diabetic patients [25, 45, 46]. So preventing
hyperglycaemia means protecting cells from further pro-
gression of diabetes and its complications. Previous studies
from diverse countries have revealed that higher coffee
consumption was consistently associated with a lower
prevalence of hyperglycaemia, and, in particular, coffee
consumption seems to lower postprandial hyperglycaemia
[47, 48]. In our most recent study before this one, we also

found lower fasting insulin values and lower risk of
hyperinsulinaemia among coffee consumers with long-term
exposure [49], which may be interpreted to mean that
coffee consumption possibly improves insulin sensitivity,
thereby preventing hyperglycaemia and oxidative stress. It
has also been suggested that coffee may prevent hyper-
glycaemia by interfering in different stages of glucose
metabolism and glycaemic regulation [49]. For instance,
inhibition or retardation of the action of a-glucosidase by
chlorogenic acid is one of the most important mechanisms
[50]. The inhibition of this enzyme is an effective approach
to control of postprandial hyperglycaemia.

There are several strengths and limitations in our
study. First, we had a homogenous study population with
a large number of diabetic patients, randomly selected
from the population. Second, the mean follow-up of
20.8 years was sufficiently long and the CVD events
were ascertained without losses of follow-up. In addition,
patients with CHD and stroke at baseline survey, and
patients with type 1 diabetes at baseline and during
follow-up were excluded from the analysis. Lack of data
on the duration and the severity of diabetes, glucose
control, and type of treatment used for management of
diabetes are major limitations of our study. Reliance on
self-report for data on coffee drinking may also constitute
a limitation, although we believe that Finns accurately
report their coffee drinking habits. In any case, any
possible misclassification of the exposure is unlikely to
be systematically related to the outcome. We also cannot
completely exclude either the possibility and effects of
residual confounding due to measurement error in the
assessment of confounding factors, or the potential role
of some unmeasured factors, such as dietary factors.

In conclusion, our study revealed a consistent inverse
relationship between coffee consumption and the risk of
total, CVD, and CHD mortality among patients with type 2
diabetes. These data will complement the gradually
growing body of data that provides more evidence for the
overall beneficial effects of coffee consumption in relation
to type 2 diabetes. The most probable mechanisms involved
are the antioxidant activity of coffee_s components and their
effect on the different stages of glucose metabolism, leading
to improved control of hyperglycaemia. However, inves-
tigations in other populations are required in order to
confirm our findings. Studies designed to better knowledge
of coffee_s components and their effects on diabetes and
CVD complications should be greatly encouraged.
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