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B Abstract

BACKGROUND: We evaluated the association between
coffee drinking and the prevalence of type 2 diabetes melli-
tus in elderly people from the Mediterranean islands.
METHODS: Dutring 2005-2007, 500 men and 437 women
(aged 65 to 100 years) from the islands of Cyprus (n = 300),
Mitilini (n = 142), Samothraki (n = 100), Cephalonia (n =
104), Corfu (n = 160) and Crete (n = 131) participated in
the survey. Cardiovascular disease (CVD) risk factors (i.e.
hypertension, diabetes, hypercholesterolemia and obesity), as
well as behavioral, lifestyle and dietary characteristics were
assessed using face-to-face interviews and standard proce-
dures. Among various factors, fasting blood glucose was
measured and prevalence of type 2 diabetes mellitus was es-
timated, according to the established American Diabetes As-
sociation (ADA) criteria, while all participants were asked
about the frequency of any type of coffee consumption over

the last year. RESULTS: Coffee drinking was reported by
84% of the participants, the majority of whom drank boiled
coffee. The participants reported that they had consumed
coffee for at least 30 years of their life. Data analysis ad-
justed for various potential confounders, revealed that,
compared to non-consumption, the multi-adjusted odds ra-
tio for having diabetes was 0.47 (95%, CI 0.32 to 0.69) for 1-
2 cups/day, while it was 1.05 (95%, CI 0.70 to 1.55) for >3
cups/day, after adjusting for various potential confounders.
The association of coffee drinking with diabetes was signifi-
cant only among non-tea drinkers. Increased coffee intake
was not associated with diabetes prevalence. CONCLU-
SION: The data presented suggest that moderate coffee
drinking is associated with a lower likelihood of having dia-
betes, after adjusting for various potential confounders.
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Introduction

{{7:'&3\3’ offee is one of the most commonly consumed
‘?{ On- beverages around the wotld. The effect of cof-
WL fee consumption on human health, especially
cardiovascular disease, has been evaluated in many
studies, with controversial results [1]. Some of these
studies reported a positive association between coffee
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intake and coronary heart disease risk [2, 3], while
other studies reported no relationship [4-7].

One of the potential mechanisms through which
coffee drinking may affect coronary risk is the increase
in blood pressure and lipid levels and the detrimental
effect on aortic stiffness and wave reflections [8, 9].
However, certain studies reported that moderate con-
sumption of coffee was associated with lower blood
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pressure and cholesterol levels, as well as lower risk of
hypertension and diabetes [10-17]. All these data are
based mainly on middle-aged populations, where the
disease burden is low, while among the elderly, where
the burden of disease is high, and nutritional status and
needs are associated with age-related biological and of-
ten socioeconomic changes, information about the ef-
fect of coffee consumption on health is sparse. In ad-
dition, epidemiological studies that examine the asso-
ciation between coffee consumption in various quanti-
ties and the risk of developing diabetes among elderly
people are rather limited in the medical literature and
are generally included as subgroups of larger studies
performed in the general population.

In the context of the Mediterranean islands
(MEDIS) study, therefore, which is a health and nutri-
tion survey in elderly people [18], we sought to evalu-
ate whether coffee consumption is independently as-
sociated with fasting blood glucose levels and the
prevalence of type 2 diabetes mellitus.

Methods

Participants

A random, population-based, multistage sampling
method with age groups (3 levels: 65-75, 75-85, 85+)
and gender groups (2 levels: male, female) was used to
select 500 men (76 + 7 years) and 437 women (74 £ 7
years) from the Republic of Cyprus and the islands of
Mitilini, Samothraki, Cephalonia, Crete and Cotfu in
Greece. Individuals residing in assisted living centers
were not included in this survey, since the aim of the
study was to evaluate lifestyle habits and behavioral
characteristics in relation to health indices among free-
living people. Moreover, people with a history of car-
diovascular disease or cancer, revealed when their
medical records were reviewed, were also excluded
from sampling, since their medical condition may have
altered their lifestyle habits and behaviors. The target
sample size was 300 people from Cyprus and 150 from
each of the other islands. Of the people initially se-
lected (n = 937), 437 men and 500 women (n = 937)
agreed to participate (Cyprus; n = 300, Mitilini; n =
142, Samothraki: n = 100, Cephalonia: n = 114, Crete:
n = 131 and Corfu: n = 150). A group of scientists
(dietitians, nurses and physicians) with previous ex-
perience in field investigation (the MEDIS study
group) collected all the required information, using a
standard questionnaire.

The retrieved data were confidential and the survey
was conducted according to the declaration of the
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World Medical Association on bio-ethics (52°d WMA
General Assembly, Edinburgh, Scotland, October
2000). Before the interview, participants were in-
formed about the aims and procedures of the study
and signed a declaration of informed consent.

Measurements

Regarding dietary habits, consumption of 15 food
groups and beverages (i.e. meat and meat products,
fish and fish products, poultry, milk and other dairy
products, fruits, vegetables, greens, legumes, refined
and non-refined cereals, coffee, tea and soft-drinks)
was measured through a semi-quantitative food-
frequency questionnaire, in terms of weekly consump-
tion. All participants were asked about their usual fre-
quency of coffee consumption (i.e. never, < 1 cup per
week, 1-2 cups/day, 3-5 cups/day and >5 cups/day)
over the previous year. Because the number of partici-
pants in the last 2 categories was small, we decided to
combine them in all analyses. For the analysis, all types
of coffee reported (instant, boiled coffee, “cappuc-
cino” or filtered) were adjusted for one cup of 150 ml
coffee and a concentration of 28 mg caffeine per 100
ml. Thus, according to Bunker and McWilliams [19], a
measurement of one cup of coffee was equivalent to
450 ml of brewed coffee or 300 ml of instant coffee.
We also recorded, and included in the analysis, as
dummy variables, consumption of tea and caffeine-
containing drinks (such as cola). Moreover, it should
be noted that, according to the patticipants’ reports,
none of them were taking caffeine as a medication.
Consumption of decaffeinated coffee was not analyzed
because this product was not frequently consumed in
the investigated islands. Consumption of vatious alco-
holic beverages (wine, beer, etc.) was measured in
terms of wine glasses adjusted for ethanol intake (e.g.
one 100 ml glass of wine was considered to be 12%
ethanol). Furthermore, overall assessment of dietary
habits was evaluated through a special diet score
(MedDietScore, range 0-55), which assesses adherence
to the Mediterranean dietary pattern [20, 21]. Higher
values on the score indicate greater adherence to this
pattern and, consequently, healthier dietary habits.

Physical activity was evaluated using the shortened
version of the self-reported International Physical Ac-
tivity Questionnaire (IPAQ) for the elderly [22]. Fre-
quency (times per week), duration (minutes per time)
and intensity of physical activity during sports, occupa-
tion and/or free-time activities were assessed. Partici-
pants who did not report any physical activity were de-
fined as sedentary. In accordance with the standard
IPAQ scoring procedures, physically active partici-
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Table 1. Participants’ demographic and lifestyle characteristics by coffee consumption group year) r§sults
were  retrieved

Parameter None <1 cup/wk 1-2 cups/day > 3 cups/day p from partici-

(n = 161) (n = 230) (n = 511) (n = 35) , ;

pant’s  medical

% of participants 17 25 54 4 records. Hyper-
Age (y1) 760 * 8.0 750 + 7.0 770 £ 7.0 73.0 * 4.0 0.17 cholesterolemia
Gender (males in %) 45 45 46 80° 0.006 was defined as
Years of school 58 + 20 63 % 30 57 %t 30 58 t 30 022 total serum cho-
. . lesterol  levels

Current smokers (%0) 4 7 12 45 < 0.001 >200 mg/dl or
Tea drinkers (%) 53 52 54 49 0.46 the use of lipid-
Physically inactive (o) 68 70 61 69 0.28 lowering agents.
MedDietScore (0-55) 27.0 £ 4.0 28.0 * 4.0 26.0 £ 50 260 £ 3.0 0.39 If measurements

Legend: Data are mean + SD and percentages. p from one-way ANOVA (for age, years of school and MedDietScore) and
chi-square test (for gender, smoking habits, physical activity status and tea drinking). “p < 0.01 for comparisons between

coffee consumption groups vs. non-consumption (Bonferroni corrected).

pants were classified into one of the following groups:
upper tertile: “vigorous” physical activity (< 2500
MET/min/week), middle tertile: “moderate” physical
activity (500-2500 MET/min/week) or lower tertile:
“low” physical activity (< 500 MET/min/week). Cur-
rent smokers were defined as those who smoked at
least one cigarette per day or had stopped cigarette
smoking during the past 12 months. Former smokers
were defined as those who previously smoked but had
not done so in a year or more. The remaining partici-
pants were defined as rare smokers or non-smokers.
The survey also included basic demographic items,
such as age, gender, financial status (average annual in-
come during the past three years), educational level
(years of school) and various clinical characteristics.
Diabetes mellitus type 2 was determined by fasting
plasma glucose tests and was analyzed in accordance
with the American Diabetes Association diagnostic cri-
teria (fasting blood glucose levels greater than 125
mg/dl (7 mmol/]) or use of special medication, indi-
cated the presence of diabetes) [23]. Weight and height
were measured to give body mass index (BMI) scores
(kg/m?). Obesity was defined as a BMI > 29.9 kg/m2.
Moteover, patticipants’ arterial blood pressure levels
were measured when participants were calm and had
been in a sitting position for at least 30 minutes. If this
procedure was not possible, blood pressure measure-
ments were retrieved from participants’ medical re-
cords (in 15% of cases). People, who had blood pres-
sute levels = 140/90 mmHg or used antihypertensive
medications, were classified as hypertensive. Fasting
blood lipids, including triglyceride concentrations, were
measured in the majority of the participants using a
colorimetric enzymatic method, while in some cases
(17% total serum cholesterol levels during the past

www.The-RDS.org

could not be

made,  partici-
pants’  medical
records were

also consulted to determine high and low density lipo-
protein (HDL, LDL) cholesterol and triglyceride levels.

Statistical analysis

The final number of enrolled participants was ade-
quate to evaluate two-tailed standardized differences of
greater than 10% on the odds ratio of having diabetes
between coffee consumption categories, with statistical
power >0.80 and a type I error level (i.e., p-value) of
<0.05.

Continuous variables were summarized as mean
values T standard deviation and categorical variables as
relative (%) frequencies. After controlling for equality
of variances, associations between continuous variables
and the coffee-drinking group of participants were
evaluated using analysis of variance (ANOVA), while
associations between categorical variables and coffee-
drinking groups were evaluated using the chi-square
test. Relationships between continuous variables were
tested with Pearson’s correlation coefficient. Multiple
linear regression was applied to evaluate the differ-
ences between blood glucose levels and coffee con-
sumption categories (using 3 dummy variables: 1
cup/week, 1-2 cups/day, 3+ cups/day), after adjusting
for various potential confounders. The interaction of
coffee intake with potential confounding factors was
also assessed. The assumptions of linearity for the
continuous independent variables and constant vari-
ance of the standardized residuals were assessed by
plotting the residuals against the fitted values. More-
over, multiple logistic regression analysis by the calcu-
lation of odds ratio and the corresponding 95% confi-
dence intervals, was used to evaluate the association
between coffee intake and the presence of diabetes.
Statistical significances < 0.05 from two-sided hy-
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Table 2. Participants’ biological and clinical characteristics by coffee consumption group

Parameter None <1 cup/wk 1-2 cups/day > 3 cups/day p
(n =161) (n = 230) (n=511) (n = 35)
% of participants 17 25 54
Blood glucose (mg/dl) 124.0 £ 41.0 118.0 £ 33.0© 109.0 * 34.0° 121.0 * 73.0 0.04
Diabetes mellitus (%0) 23 20 19* 21 0.03
Systolic blood pressure (mmHg) 139.0 * 19.0 136.0 * 16.0* 1350 * 16.0 139.0 * 21.0 0.04
Diastolic blood pressure (mmHg) 79.0 £ 8.0 76.0 £ 9.0 80.0 * 9.0 79.0 * 120 0.14
Hypertension (%) 59 67 61 53 0.31
Hypercholesterolemia (%o) 46 58 57 45 0.06
Total cholesterol (mg/dl) 2230 * 41.0 228.0 * 40.0 221.0 * 40.0 226.0 * 67.0 0.26
HDL cholesterol (mg/dl) 53.0 * 11.0 56.0 £ 10.0 56.0 * 11.0 62.0 * 120 0.14
LDL cholesterol (mg/dl) 140.0 * 42.0 143.0 *31.0 1430 * 36.0 162.0 * 40.0 0.22
Triglycetides (mg/dl) 132.0 % 70.0 136.0 * 63.0  137.0 * 51.0 139.0 % 60.0 0.69
Body mass index (kg/m?) 260 £ 50 29.0 £ 50 290 £ 6.0 280 % 5.0 0.001
Obese (%) 24 30" 41 28" 0.001
CVD risk factors (0-4)t 1.5 1.9 1.7 1.3 0.06

Legend: Data are mean + SD and percentages. p from one-way ANOVA (for glucose, blood pressures, cholesterols, triglycerides,
body mass index) and chi-square test (for hypertension, diabetes, obesity, hypercholesterolemia, CVD risk factors). No gender dif-
ferences were observed. "Factors included in this variable were hypertension, diabetes, hypercholesterolemia and obesity. “p < 0.05
and ""p < 0.01 for comparisons between coffee consumption groups vs. non-consumption (Bonferroni corrected).

potheses were considered to be statistically significant.
All statistical calculations were performed on the SPSS
version 14.0 software (SPSS Inc, Chicago, IL, U.S.A.).

Results

The prevalence of type 2 diabetes mellitus in this
sample was 19.9% in men and 20.1% in women (p =
0.82). As we can see in Table 1, coffee drinking was
reported by 85% of men and 82% of women partici-
pants (p = 0.24), while the majority of them (90%)
drank boiled coffee (i.e. “Greek type”), 7% consumed
unfiltered coffee and 3% consumed filtered coffee.
The participants reported that they had consumed cof-
fee for at least 30 years of their life. Men were more
heavy coffee consumers compared to women (p <
0.05). Moreover, with the exception of smoking habits,
where heavy coffee drinkers were more likely to be
smokers compared to non-coffee drinkers, no other
differences were found between the coffee consump-
tion groups and various socio-demographic and life-
style characteristics of the participants (Table 1).

Table 2 illustrates various clinical and biological
characteristics of the participants by coffee consump-
tion category. It can be seen that blood glucose levels
were much lower in moderate coffee consumption
categories compared to non-consumption or heavier
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consumption (p = 0.04). Similarly, the prevalence of
diabetes was lower in the moderate consumption
group compared to no intake or rare intake (p = 0.05),
while no differences in the prevalence of diabetes were
observed between heavier consumption and non-
consumption sub-groups (p = 0.67, Figure 1). More-
over, coffee drinking was positively associated with
BMI and obesity, while a parabolic association was ob-
served as regards systolic blood pressure levels (Table
2).

Age- and sex-adjusted logistic regression analysis
revealed that coffee drinking of 1-2 cups/day is associ-
ated with 0.55 times lower odds of having diabetes
(95%, CI 0.30-0.99), while no significant associations
were observed between the other coffee intake catego-
ries and the prevalence of diabetes. The analysis was
later adjusted for various other potential confounders,
such as age, sex, physical activity status, smoking hab-
its, BMI, presence of hypertension, hypercholes-
terolemia, family history of diabetes or premature
CHD, dietary habits (through the MedDietScore) and
tea drinking. Compared to non-consumption, the
multi-adjusted odds ratio of having diabetes was 0.47
(95%, CI 0.32-0.69) for 1-2 cups/day, while it was 1.05
(95%, CI 0.70-1.55) for 3 or more cups/day, indicating
that only moderate coffee drinking was associated with
a lower likelihood of having diabetes, after adjusting
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for various potential confounders. Moreover, linear
regression analysis revealed that coffee consumption
of 1-2 cups/day was associated with about 17 mg/dl
reduction in fasting blood glucose levels (p < 0.01),
while rare coffee intake showed no significant results,
after various adjustments had been made (Table 3).

However, a significant interaction was observed be-
tween tea and coffee consumption (p < 0.0001). When
the analysis was stratified by tea intake category (i.e. tea
drinkers and non-drinkers), it showed that compared
to drinking no coffee, drinking 1-2 cups of coffee daily
was associated with -18.2 + 4.0 mg/dl decrease in fast-
ing blood glucose levels among non-consumers of tea
(p = 0.001). A non-significant association was ob-
served between any category of coffee intake and
blood glucose levels in people who reported that they
also consumed tea after various adjustments were
made (<1 cup/week vs. none: -9.2 £ 4.3 mg/dl, p =
0.17, 1-2 cups/week vs. none: -12.2 + 3.7 mg/dl, p =
0.07, 3+ cups/week vs. none: -3.2 + 7.2 mg/dl, p =
0.89).

Discussion

The major finding of this study was that moderate
coffee drinking (1-2 cups/day) was found to be associ-
ated with a lower likelihood of having diabetes, while
no significant relationship was observed when in-
creased consumption was taken into account. More-
over, the effect of coffee intake on fasting blood glu-
cose levels was significant only among participants
who did not consume tea. Tea consumption seemed to
mask the influence of coffee drinking on blood glu-
cose levels. This is one of the first studies in the litera-
ture to show a relationship between coffee drinking
and diabetes among the elderly, where the disease bur-
den is high and nutritional status is often associated
with age-related biological and other socioeconomic
conditions.

Evidence from previous epidemiologic studies sug-
gests that moderate coffee drinking (up to 3-4 cups per
day) may confer a protective effect on cardiovascular
disease risk, possibly because coffee contains polyphe-
nols (chlorogenic and caffeic acids), which may have
antioxidant properties [5, 10, 24]. In a recent study
among elderly people, the authors concluded that
moderate coffee drinking (<3 cups per day) did not
increase the risk of myocardial infarction [25]. How-
ever, regarding coffee drinking and diabetes, the avail-
able information in the literature is very sparse. In an
11-year follow-up study of about 28000 post-
menopausal women, the investigators reported that
coffee drinking, especially decaffeinated coffee, was

www.The-RDS.org

inversely associated with the risk of diabetes [26]. Simi-
lar results were reported by the Nurses' Health Study
and the Health Professionals' Follow-up Study [27],
where the investigators suggested an inverse relation-
ship, independent of known confounders, between the
risk of diabetes and coffee drinking.

Table 3. Results from multiple linear regression analysis that eva-
luated the association between coffee consumption (in cups/day)
and levels of fasting blood glucose (dependent outcome)

Parameter B-coefficient £ SE P
Coffee consumption

1 cup/wk vs. none 47 * 43 0.06

1-2 cups/day vs. none -16.7 57 0.001

3+ cups/day vs. none -5.8 £ 79 0.46
Age (per 1 year) 031 £ 031 0.39
Current smoking (yes/no) 39 £ 79 0.43
Physically activity (yes/no) -0.56 = 1.1 0.07
Male (yes/no) 38 * 40 0.44
Years of school 23 12 0.41
Tea drinking (yes/no) -149 42 0.003
SBP (per 1 mmHg) 01 + 011 0.2
DBP (per 1 mmHg) 012 £ 0.19 0.57
Total cholesterol (per 1 mg/dl) 0.06 £ 0.13 0.33
Body mass index (per 1 kg/m?) 1.3 £ 0.39 0.003
MedDietScore (0-55) -1.19 £ 023 0.05

Legend: Data are mean + SD. p from one-way ANOVA. Adjusted R
with/without coffee intake variable in the mode: 4.1%/2.9%. SE: stan-
dard error. SBP: systolic blood pressure. DBP: diastolic blood pressure.

In our work, moderate coffee drinking was associ-
ated with a reduced likelihood of having type 2 diabe-
tes and lower levels of blood glucose. However, the
latter association was significant only among people
who did not consume tea. The polyphenols contained
in tea appeared to mask the association between coffee
and glucose levels. The novelty of our findings is that
they were obtained from an elderly population, living
in the Mediterranean islands, where the consumption
of polyphenols and other anti-oxidants is very high,
and there is evidence of the antioxidative effect of
herbs that are consumed as a hot tea on the island of
Crete [28]. Thus, the intake of these protective nutri-
ents from other food sources did not alter the relation-
ship between long-term coffee drinking and diabetes.
Based on the previously mentioned findings, it could
be suggested that consumption of coffee is associated
with a lower risk of type 2 diabetes, which suggests
that coffee constituents other than catfeine may play a
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protective role. It has been suggested that caffeine in-
creases basal energy expenditure and that this ther-
mogenic effect has a dose-response relationship with
the amount of coffee consumed [29]. Moreover,
chlorogenic and caffeic acids may be a key point in this
relationship. However, further research on phyto-
chemicals in coffee may lead to the identification of
novel mechanisms clarifying the effects of diet on the
development of diabetes, as van Dam suggested [30].

140+

1304

120

1104

95% CI plasma glucose (mg/dl)

100

None <1 cup/wk 1-2 cups/day 3+ cups/day
Coffee consumption

Figure 1. Adjusted mean values for fasting plasma glu-
cose levels by coffee intake category (adjustments were
made for age, sex, physical activity status, smoking habits,
BMI, presence of hypertension, hypercholesterolemia, fa-
mily history of diabetes or premature CHD, dietary habits
(through the MedDietScore) and tea drinking.

There are others who suggest that increased inci-
dence of coronary heart disease is associated with in-
creasing coffee consumption. In particular, in a pro-
spective study from Finland, Happonen e a/ [13]
found that heavy coffee consumption (>814 ml/day)
increased the rates of acute myocardial infarction or
coronary death, after a 14-year mean follow-up, inde-
pendent of the brewing method or currently recog-
nized cardiovascular risk factors. Also, in a mean fol-
low-up of 6.4 years, Tverdal ¢f al. [31] found that con-
suming nine or more cups of coffee per day increased
the risk of coronary heart disease mortality by 2.2
times in men and 5.1 times in women, over and above
its effect in raising cholesterol concentrations. Some
investigators also attributed the development of ar-
rhythmias to the harmful effect of coffee [16]. How-
ever, there is not enough evidence in humans that caf-
feine, at the doses typically consumed, can provoke
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any spontaneous arthythmia [32]. Furthermore, coffee
drinking may also, through caffeine, raise blood pres-
sure levels in patients who are infrequently exposed
[33], but acute caffeine intake has little or no effect in
habitual coffee drinkers [§].

Limitations

This study is cross-sectional and, consequently, has
potential for recall biases, particularly in the assessment
of dietary habits. Thus, although important associa-
tions were assessed, the design of this study prohibits
causal interpretations. Moreover, people living in the
Mediterranean islands are not a representative sample
of the total population. They could be considered a
population that has been a “closed” population for a
long time and, therefore, unaffected by the influence
of westernized habits. Also, it could be suggested that
increased consumption of coffee is associated with
unhealthy behaviors, such as physical inactivity, un-
healthier dietary habits, and smoking. In the present
work, these potential confounders were statistically
controlled but, as always, residual confounding cannot
be explained. The majority of the participants con-
sumed unfiltered, boiled coffee, which meant that the
actual association of filtered coffee with the presence
of diabetes could not be evaluated in our study. Fur-
thermore, because coffee consumption and physician-
diagnosed diabetes were self-reported, some misclassi-
fication of exposure and outcome was to be expected.
In cross-sectional studies, however, this kind of mis-
classification would have biased the results toward the
null hypothesis. Finally, in some cases, information
about participants’ clinical characteristics was not
measured but retrieved from individuals’ medical re-
cords. We believe, however, that this did not alter the
significance of our findings, since we made an effort to
collect accurate information regarding participants’
medical history.

Conclusions

Coftee is a widespread beverage in our sample, as it
is in most of the wotld. The results presented, suggest
that moderate, long-term coffee drinking seems to be
associated with lower prevalence of type 2 diabetes
among elderly men and women living in the Mediter-
ranean islands. The latter association is independent of
smoking, physical activity status, body mass, and vari-
ous dietary habits. Tea consumers, however, showed
less striking results. Our findings suggest an important
relationship between the dietary habits and health
status of elderly people, who have an increased disease
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burden and whose dietary habits are often associated
with age-related biological and socioeconomic condi-
tions [34]. The study clearly shows that, in coffee stud-
ies, it is important to regard tea consumption as an im-
portant aspect in the prevention of diabetes and car-
diovascular disease. However, further metabolic stud-
ies are needed in order to investigate the long-term ef-
fects of coffee and tea intake on glucose homeostasis
and insulin resistance.
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