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OBJECTIVE — The purpose of this study was to investigate the association between coffee
intake and incident diabetes based on an oral glucose tolerance test (OGTT) and examine coffee
habits in those with impaired glucose separately from those with normal glucose at baseline.

RESEARCH DESIGN AND METHODS — In this prospective study, 910 adults aged
�50 years without diabetes at baseline in 1984–1987 were followed to 1992–1996, an average
of 8 years after assessment of coffee intake. Logistic regression models were adjusted for sex, age,
physical activity, BMI, smoking, alcohol, hypertension, and baseline fasting plasma glucose.

RESULTS — Past and current coffee drinkers had a reduced risk of incident diabetes (odds
ratio 0.38 [95% CI 0.17–0.87] and 0.36 [0.19–0.68], respectively) compared with those who
never drank coffee. The 317 participants with baseline impaired glucose who were past or
current coffee drinkers were also at reduced risk for incident diabetes (0.31 [0.11–0.87] and
0.36 [0.16–0.83], respectively).

CONCLUSIONS — This study confirms a striking protective effect of caffeinated coffee
against incident diabetes and extends these findings to incident diabetes based on OGTT inde-
pendent of multiple plausible confounders.
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The prevalence of diabetes increased
33% in the U.S. between 1990 and
1999 with 7% of the population cur-

rently affected (1,2). Estimated projec-
tions are that the global prevalence of
diabetes will almost double by 2030 (3).
Several recently published cohort studies
suggest a significant reduced risk of type 2
diabetes in coffee drinkers (4–9). As sim-
ilar results have been found with decaf-
feinated coffee (10,11), compounds in
coffee other than caffeine have been pro-
posed as being potentially responsible for
the reduced risk (12–15). With 52% of
U.S. adults consuming coffee on a daily
basis (16), a coffee benefit could have

widespread impact on the health of the
population.

Recently published articles investi-
gating the association between coffee and
type 2 diabetes, although strong in their
methodology, have relied heavily on a
self-reported diagnosis of diabetes, which
may be more prone to misclassification or
underreporting. Presently, only two stud-
ies have used an oral glucose tolerance
test (OGTT) for the classification of type 2
diabetes at follow-up (17,18). In this
study, incident diabetes was defined on
the basis of its absence in history and a
normal OGTT at baseline with subse-
quent presence based largely on a repeat

OGTT. Additionally, we consider coffee
habits in those with impaired glucose sep-
arately from coffee habits in those with
normal glucose at baseline. Associations
were adjusted for sex, age, physical activ-
ity, BMI, smoking, alcohol, hypertension,
and baseline fasting plasma glucose
(FPG).

RESEARCH DESIGN AND
METHODS — Between 1972 and
1974, 82% of all adult residents of a pre-
dominantly white middle-class commu-
nity in southern California participated in
a study of heart disease risk factors: the
Rancho Bernardo Study (19). Between
1984 and 1987, 2,854 participants (80%
of survivors) completed a baseline diabe-
tes evaluation (20); of these individuals,
1,115 (74% of survivors) attended a fol-
low-up evaluation in 1992–1996. Rea-
sons for nonparticipation were death (n �
981), institutionalization, moved out of
the area, or declined to participate (n �
250). In 1992, a mailed survey obtained
information on current and lifetime con-
sumption of caffeinated and decaffeinated
coffee.

At each clinic visit, diagnostic and an-
thropometric measures along with medi-
cal, behavioral, and dietary history were
obtained using identical protocols. At
both the baseline and diabetes follow-up
evaluation, a 75-g glucose load was ad-
ministered in the morning after a 12- to
16-h fast. Blood was obtained before and
2 h after the glucose load. Fasting and 2-h
postchallenge plasma glucose levels were
determined by the hexokinase method in
a hospital diagnostic laboratory. Height
and weight were measured with partici-
pants wearing light clothing, without
shoes. BMI, an estimate of obesity, was
calculated as weight in kilograms divided
by the square of height in meters and cat-
egorized as underweight/normal (�25.0
kg/m2), overweight (25.0–29.9 kg/m2),
or obese (�30.0 kg/m2). A standard mer-
cury sphygmomanometer was used to
measure blood pressure after the partici-
pant had been seated for at least 5 min, in
accord with the Hypertension Detection
and Follow-up Program protocol (21).
Hypertension was classified according to
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the Seventh Report of the Joint National
Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood
Pressure (22). Systolic blood pressure
(SBP) and diastolic blood pressure (DBP)
were used to categorize participants’
blood pressure as normal (SBP �120
mmHg and DBP �80 mmHg), prehyper-
tensive (SBP 120 –139 mmHg or DBP
80 – 89 mmHg), or hypertensive (SBP
�140 mmHg or DBP �90 mmHg). In
addition, individuals taking antihyper-
tensive medication were categorized as
hypertensive.

A specially trained interviewer ob-
tained information on sex, age, physical
activity (three or more times in the last
week [no/yes]), smoking status (never,
past, and current), and average daily alco-
hol intake (none, 1–30 g, or �30 g). In-
dividuals were questioned about their
medical history including diagnosis of di-
abetes and past or current use of insulin or
oral hypoglycemic agents. Medication
use, including insulin or oral hypoglyce-
mic agents, was confirmed by a nurse who
examined pills and prescriptions brought
to the clinic.

Regular coffee and decaffeinated cof-
fee consumption were assessed separately
by mail in 1992 using a self-administered
questionnaire. Participants were asked
about the number of cups of caffeinated
and decaffeinated coffee they drank per
day from age 18–45 and after age 45, cat-
egorized as 0 cups, 1–2 cups, 3–4 cups,
and �5 cups. Cup-years were estimated
based on the age at which the participant
began drinking coffee and the average cup
consumption reported between ages 18
and 45 and after age 45. Participants were
categorized based on lifetime coffee status
(nondrinker, past drinker, or current
drinker); those who did not drink coffee
between 18 and 45 years of age and did
not drink coffee after the age of 45 were
considered nondrinkers. Those who
drank coffee from 18 to 45 years of age
but not after age 45 were classified as past
drinkers, and the remainder (excluding
11 with missing data who were removed
from analyses) were classified as current
drinkers.

Individuals were classified as having
normal glucose at baseline (FPG �6.1
mmol/l and postchallenge glucose [PCG]

�7.8 mmol/l or missing PCG; n � 593) or
impaired glucose at baseline. Impaired
glucose was defined as either impaired
fasting glucose (6.1 mmol/l � FPG �7.0
mmol/l and PCG �7.8 mmol/l) or im-
paired glucose tolerance (FPG �6.1 and
7.8 mmol/l � PCG �11.1 mmol/l).

On the basis of the 1999 World
Health Organization criteria (23), indi-
viduals were classified as having type 2
diabetes if they met one of the following:
FPG �7.0 mmol/l, PCG � 11.1 mmol/l,
taking oral medication for diabetes in the
last 2 weeks, or having been told by a
physician that they had diabetes. Because
the incidence of type 2 diabetes was the
focus of this investigation, those who had
diabetes at baseline were excluded (n �
127). Eight individuals with missing glu-
cose values and one individual with type
1 diabetes were also excluded.

After excluding an additional 11 indi-
viduals who were missing covariate data,
there were 910 participants aged �50
years without diabetes at baseline who
were followed for up to 11 years (mean
8.3) for incident type 2 diabetes.

This research was approved by the in-

Table 1—Baseline characteristics by coffee drinking habits in nondiabetic participants, Rancho Bernardo Study, 1984–1987

Characteristic

Coffee drinking status

P value*Never Past Current

n 97 153 660
Age (years) 64.2 � 9.0 66.2 � 7.9 66.1 � 8.7 0.09
Sex 0.14

Male 40 (41.2) 51 (33.3) 278 (42.1)
Female 57 (58.8) 102 (66.7) 382 (57.9)

Exercise �3 times/week 0.23
No 18 (18.6) 17 (11.1) 103 (15.6)
Yes 79 (81.4) 136 (88.9) 557 (84.4)

BMI (kg/m2) 0.27
Normal (�25.0) 58 (59.8) 93 (60.8) 371 (56.2)
Overweight (25.0–29.9) 28 (28.9) 51 (33.3) 244 (37.0)
Obese (�30) 11 (11.3) 9 (5.9) 45 (6.8)

Smoking �0.01
Never 66 (68.0) 67 (43.8) 259 (39.2)
Past 24 (24.7) 67 (43.8) 313 (47.4)
Current 7 (7.2) 19 (12.4) 88 (13.3)

Average daily alcohol intake (g) �0.01
None 58 (59.8) 57 (37.3) 190 (28.8)
1–30 27 (27.8) 77 (50.3) 391 (59.2)
�30 12 (12.4) 19 (12.4) 79 (12.0)

Hypertension† 0.25
Normal 22 (22.7) 35 (22.9) 143 (21.7)
Prehypertensive 41 (42.3) 45 (29.4) 221 (33.5)
Hypertensive 34 (35.1) 73 (47.7) 296 (44.9)

Data are means � SD or n (%). *P value for age based on ANOVA. All other P values based on Pearson’s �2 test of association. †Hypertension categories were based
on SBP and DBP as follows: normal (SBP �120 mmHg and DBP �80 mmHg ), prehypertensive (SBP 120–139 mmHg or DBP 80–99 mmHg ), or hypertensive (SBP
�140 mmHg or DBP �90 mmHg ). In addition, individuals taking antihypertensive medication were categorized as hypertensive.
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stitutional review board of the University
of California, San Diego. All participants
gave written informed consent at both
clinic visits before participation.

Statistical analyses
After preliminary analyses using descrip-
tive and univariate methods, multivari-
able logistic regression was used to model
the risk of incident type 2 diabetes in re-
lation to coffee consumption. Covariates,
selected on the basis of published litera-
ture, were assessed for collinearity. Co-
variates were also investigated as possible
confounders before removing them from
further modeling. Variables were retained
in all modeling if they were associated
with both coffee consumption and type 2
diabetes or their removal changed mea-
sures of association by �15%. Manual
backward elimination of variables was
used. Analyses were conducted separately
in those with normal and impaired glu-
cose at baseline.

Incidence was defined as the number
of events identified per 100 participants
over an average of 8 years. Odds ratios
(ORs) and 95% CIs were computed using
the Wald statistic for unconditional max-
imum likelihood estimation. All data
analyses were performed using SAS (24).

RESULTS — All 910 participants did
not have diabetes at baseline; 593 had
normal glucose and 317 had impaired
glucose. The baseline fasting plasma glu-
cose was 5.4 � 0.6 mmol/l (mean � SD).

The average age was 65.9 � years, 41% of
the participants were male, and 85% re-
ported physical activity three or more
times per week. Fifty-seven percent were
underweight or normal weight (BMI
�25.0 kg/m2), and 7% were obese (BMI
�30 kg/m2). In addition, 12–13% were
current smokers, more than half drank
1–30 g of alcohol (1–2 drinks) on an av-
erage day, and 44% were hypertensive
(SBP �140 mmHg or DBP �90 mmHg or
taking antihypertensive medication).

As shown in Table 1, at baseline, 97
participants reported never drinking cof-
fee, 153 were past coffee drinkers, and
660 were current coffee drinkers. Current
coffee drinkers were significantly more
likely to report they were current smokers
(P � 0.01) and that they drank an average
of 1–2 alcoholic drinks per day (P �
0.01). Age, sex, physical activity, BMI,
and hypertension did not differ signifi-
cantly by coffee drinking status.

Table 2 shows that the majority of
participants were current drinkers of rel-
atively small amounts of caffeinated coffee
at baseline (73%). Current caffeinated
coffee drinkers drank on average 2.8
cups/day (range 1–20). Participants with
normal glucose had a higher median
number of cup-years compared with
those who had impaired glucose at base-
line (102 vs. 95, respectively), drank �5
cups/day (12 vs. 8%, respectively), and
were current coffee drinkers (75 vs. 69%,
respectively); these differences, however,
were not statistically significant.

Table 3 presents baseline characteris-
tics by incident diabetes. As shown, sig-
nificantly more obese and hypertensive
participants developed diabetes during
the course of the study (P � 0.01 and
0.04, respectively). Additionally, a pro-
portionately higher number of partici-
pants who reported no daily alcoholic
intake or who consumed an average of �3
drinks/day developed diabetes, compared
with those who drank 1–2 drinks/day
(P � 0.03).

In Table 4, the association of coffee
consumption with the adjusted risk of in-
cident diabetes is presented for all nondi-
abetic participants and separately for
those with normal and impaired glucose
at baseline. Current coffee drinking was
significantly associated with a reduced
risk of type 2 diabetes in the nondiabetic
population as a whole (OR 0.36 [95% CI
0.19–0.68]) and in the subgroup with
impaired glucose (0.36 [0.16–0.83]) in-
dependent of multiple covariates. Past
coffee drinking was associated with a sim-
ilar significantly reduced risk of type 2
diabetes in the nondiabetic population
(0.38 [0.17–0.87]) and in the subgroup
with impaired glucose (0.31 [0.11–
0.87]). Both past (0.63 [0.12–3.21]) and
current coffee drinking (0.40 [0.10 –
1.65]) had a reduced risk of incident type
2 diabetes in those with normal glucose at
baseline; however, these findings were
not significant. Daily coffee consumption
(0 cups, 1–2 cups, 3– 4 cups, or �5
cups), after the age of 45 and number of
cup-years, were not significantly associ-
ated with risk of type 2 diabetes in any of
the groups examined. Reduced models,
eliminating nonsignificant covariates,
yielded similar results.

Analyses restricted to decaffeinated
coffee drinkers could not be performed
because only 12 participants reported
consuming decaffeinated coffee exclu-
sively. Reanalysis of these data excluding
the few participants who drank only de-
caffeinated coffee yielded similar results
(data not shown).

CONCLUSIONS — In the present
study, current or past coffee drinkers who
did not have diabetes at baseline had a
60% reduced risk of type 2 diabetes dur-
ing the next 8 years, when compared with
those who never drank coffee. Addition-
ally, those without diabetes who had im-
paired glucose at baseline were similarly
protected against incident diabetes. The
quantity of coffee consumed daily (cup-
years) did not predict diabetes risk in ei-

Table 2—Baseline coffee consumption by baseline glucose level in nondiabetic participants,
Rancho Bernardo Study, 1984–1987

Characteristic Total nondiabetic
Normal
glucose* Impaired glucose*

n 910 593 317
Coffee status

Never drank 97 (10.7) 58 (9.8) 39 (12.3)
Past drinker 153 (16.8) 93 (15.7) 60 (18.9)
Current drinker 660 (72.5) 442 (74.5) 218 (68.8)

Daily coffee consumption after
age 45 years (cups)

0 250 (27.5) 151 (25.5) 99 (31.2)
1–2 379 (41.7) 246 (41.5) 133 (42.0)
3–4 183 (20.1) 124 (20.9) 59 (18.6)
�5 98 (10.8) 72 (12.1) 26 (8.2)

Cup-years 101.0 (98.0) 102.0 (98.5) 95.0 (100.0)

Data are n (%) or median (interquartile range). *Normal glucose defined as FPG �6.1 mmol/l and PCG �7.8
mmol/l or missing PCG. Impaired glucose defined as either impaired fasting glucose (6.1 mmol/l � FPG �
7.0 mmol/l and PCG � 7.8 mmol/l) or impaired glucose tolerance (FPG � 6.1 mmol/l and 7.8 mmol/l �
PCG � 11.1 mmol/l). †Because of the missing coffee drinking start date, cup-years were based on sample
sizes of 815, 536, and 279 for the total nondiabetic sample, those with normal glucose at baseline, and those
with impaired glucose at baseline, respectively.
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ther those with normal or impaired
glucose at baseline.

A significant reduced risk of diabetes
among coffee drinkers is consistent with
other recent cohort studies (4–9). How-
ever, unlike those studies in which the

diagnosis of diabetes was based on medi-
cal records or self-report, in the present
study a glucose tolerance test was used.
Diabetes is often undiagnosed in older
adults; therefore, the results of the present
study would be subject to less misclassi-

fication bias because both FPG and PCG
were used to define incident diabetes.

Significant inverse associations be-
tween coffee consumption and type 2
diabetes including dose-response associ-
ations have been reported (5,6,9). The
lack of a significant dose response associ-
ation in the present study may be due to
the older age of this population (average
66 years) relative to those in other studies
and less coffee consumption by older
adults (25).

Many published research articles in-
vestigating the biological explanation for
the association between coffee and a re-
duced risk of type 2 diabetes have focused
on the role of caffeine with contradictory
results. Small placebo-controlled trials
have reported that caffeine raises blood
glucose levels and contributes to insulin
resistance (26,27), suggesting the poten-
tial for an increased risk of type 2 diabe-
tes. However, another small, randomized,
crossover clinical trial showed that caf-
feinated coffee reduced FPG (28). Addi-
tionally, research has shown that elevated
glucose concentrations fall 30 min after
coffee consumption (29). Although some
human studies reported that catechol-
amine activity decreases with increased
tolerance to caffeine (30), studies in mice
showed that caffeine promotes the release
of catecholamines and stimulates an in-
creased metabolic rate and thermogenesis
of brown adipose tissue (31), which is ex-
pected to reduce obesity. Caffeine also
upregulates the expression of uncoupling
protein 3 (32), which has been linked to
carbohydrate metabolism and type 2 dia-
betes (33). Specifically, uncoupling pro-
tein 3 is lower in patients with type 2
diabetes compared with healthy control

Table 3—Baseline characteristics by development of incident type 2 diabetes in nondiabetic
participants, Rancho Bernardo Study, 1984–1987

Characteristic

Incident type 2 diabetes

P value*No Yes

n 826 84
Age (years) 65.9 (8.6) 66.2 (8.4) 0.73
Sex 0.25

Male 330 (40.0) 39 (46.4)
Female 496 (60.1) 45 (53.6)

Exercise �3 times/week 0.47
No 123 (14.9) 15 (17.9)
Yes 703 (85.1) 69 (82.1)

BMI (kg/m2) �0.01
Underweight/normal (�25.0) 485 (58.7) 37 (44.1)
Overweight (25.0–29.9) 292 (35.4) 31 (36.9)
Obese (�30) 49 (5.9) 16 (19.1)

Smoking 0.12
Never 347 (42.0) 45 (53.6)
Past 373 (45.2) 31 (36.9)
Current 106 (12.8) 8 (9.5)

Average daily alcohol intake (g) 0.03
None 272 (32.9) 33 (39.3)
1–30 460 (55.7) 35 (41.7)
�30 94 (11.4) 16 (19.1)

Hypertension‡ 0.04
Normal 190 (23.0) 10 (11.9)
Prehypertensive 279 (33.8) 28 (33.3)
Hypertensive 357 (43.2) 46 (54.8)

Data are means � SD or n (%).*P value for age based on t test. All other P values based on Pearson’s �2 test
of association. †Hypertension categories were based on SBP and DBP as follows: normal (SBP �120 mmHg
and DBP �80 mmHg), prehypertensive (SBP 120–139 mmHg or DBP 80–99 mmHg), or hypertensive (SBP
�140 mmHg or DBP �90 mmHg). In addition, individuals taking antihypertensive medication were
categorized as hypertensive.

Table 4—Adjusted* associations of coffee with incident type 2 diabetes by baseline glucose level, Rancho Bernardo Study, 1984–1987

Coffee exposure Total nondiabetic Normal glucose† Impaired glucose†

n 910 593 317
Coffee status

Past drinker/never drank 13/18, 0.38 (0.17–0.87) 4/3, 0.63 (0.12–3.21) 9/15, 0.31 (0.11–0.87)
Current drinker/never drank 53/18, 0.36 (0.19–0.68) 14/3, 0.40 (0.10–1.65) 39/15, 0.36 (0.16–0.83)

Daily coffee consumption after age
45 years (cups)

1–2/0 31/31, 0.66 (0.38–1.14) 8/7, 0.64 (0.22–1.89) 23/24, 0.71 (0.35–1.41)
3–4/0 13/31, 0.53 (0.26–1.08) 4/7, 0.54 (0.15–2.00) 9/24, 0.55 (0.22–1.36)
�5/0 9/31, 0.60 (0.26–1.40) 2/7, 0.33 (0.06–1.80) 7/24, 1.01 (0.33–3.13)

Cup-years (per 20)‡ 0.99 (0.93–1.05) 1.01 (0.92–1.12) 0.98 (0.90–1.06)

Data are n, OR (95% CI). *Models are adjusted for age, sex, exercise, BMI, smoking, daily alcohol intake, hypertension, and FPG assessed at baseline, 1984–1987.
†Normal glucose defined as FPG �6.1 mmol/l and PCG �7.8 mmol/l or missing PCG. Impaired glucose defined as either impaired fasting glucose (6.1 mmol/l �
FPG � 7.0 mmol/l and PCG � 7.8 mmol/l) or impaired glucose tolerance (FPG � 6.1 mmol/l and 7.8 mmol/l � PCG � 11.1 mmol/l). ‡Because of missing coffee
drinking start date, cup-years were based on sample sizes of 815, 279, and 536 for the total nondiabetic sample, those with normal glucose at baseline, and those
with impaired glucose at baseline, respectively.
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subjects (34) and inversely related to BMI
(35).

Geographic differences exist with re-
spect to the coffee bean and filtration
method commonly used. Although caf-
feine content is similar between boiled
and drip-filtered coffee (36–38), diter-
pene content is lower in coffee that has
been drip-filtered (39). A significant pro-
tective effect of coffee consumption in a
Finnish population (6) refuted an earlier
report from Finland that did not find a
decreased risk of type 2 diabetes associ-
ated with coffee consumption (40). In the
earlier report, Finns were more likely to
drink boiled coffee than drip-filtered cof-
fee (39). Diterpenes, in particular, cafestol
and kahweol, have been reported to in-
crease serum total cholesterol levels and
to be associated with higher rates of cor-
onary heart disease in coffee drinkers
from Norway (41) who, like Finns, once
preferred boiled coffee. Therefore, differ-
ent results in the two Finnish studies may
reflect a conversion from boiled to filtered
coffee. Most countries, including the U.S.,
use arabica coffee beans, which contain
about half the caffeine of robusta coffee
beans (36) primarily used in France, Italy,
Portugal, and the U.K., countries with
slightly lower prevalence estimates of di-
abetes than the U.S. (42). Studies in
which caffeinated beverages other than
coffee were considered showed weaker
correlations with fasting glycemia than for
coffee per se (43,44); however, similar in-
verse associations with C-peptide levels
have been seen in both caffeinated and
decaffeinated coffee drinkers (11). Other
research suggests that a reduction in risk
may be due to compounds in coffee other
than caffeine, including chlorogenic acid,
quinides, and trigonelline (12–15).

Several potential limitations of the
present study were considered. Partici-
pants were predominantly middle-class
and white; results may not be applicable
to other ethnicities and socioeconomic
strata. Although nearly half of this older
cohort died in the 8 years between base-
line and follow-up, it is unlikely that sur-
vival bias explains these results as there
was no significant difference in baseline
coffee intake between those who did and
did not participate in the follow-up visit.
Coffee consumption was self-reported
and may be subject to recall bias. How-
ever, validation of food frequency re-
trieved from questionnaires has shown
strong correlation for coffee (r � 0.92)
(45). Further, to simplify recall and min-
imize recall bias, early and late lifetime

estimates were combined to create an
overall lifetime coffee status (never, past,
or current drinker). In addition, only es-
timates of intake from age �45 years were
used for daily cup consumption compar-
isons. Information regarding coffee addi-
tives, other than milk, was not available.
Although refuted in other reports (4,46),
milk and sugar have been implicated as
possible confounders (47); they were not
considered here, but the added calories
would have been expected to reduce, not
create, a protective effect. Lastly, our
study used results from a single OGTT at
follow-up for the classification of incident
type 2 diabetes, whereas clinical diagnosis
is usually followed by a second, confirma-
tory OGTT. Research has shown that an
OGTT is necessary to identify most older
adults with impaired glucose levels and,
thus, more people who will develop dia-
betes (48).

In summary, the present study shows
a striking (60%) reduction in risk of inci-
dent type 2 diabetes in coffee drinkers,
significantly for individuals with im-
paired glucose at baseline. These results
were independent of age, sex, exercise,
BMI, smoking status, daily alcohol intake,
hypertension, and baseline fasting plasma
glucose. Given the increasing prevalence
of obesity, IGT, and diabetes, and the fact
that the majority of adults in most of the
Westernized world drink coffee daily, a
coffee benefit could have widespread im-
pact. Further investigation is warranted.
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