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Abstract

Objective: To study prospectively the association of coffee intake with incident
diabetes in the Puerto Rico Heart Health Program cohort, comprising 9824
middle-aged men (aged 35–79 years).
Methods: Of 9824 men, 3869 did not provide a fasting blood sample at baseline,
1095 had prevalent diabetes and 131 were not given fasting glucose tests at any
subsequent study visit. Thus, the present analysis includes 4685 participants.
Diabetes was ascertained at baseline and at two study visits between 1968 and
1975 using fasting glucose tests and self-reports of physician-diagnosed diabetes
or use of insulin or hypoglycaemic medication. Logistic regression analysis was
used to assess the association of coffee intake with risk of incident diabetes while
adjusting for covariates (age, BMI, physical activity, smoking, education, alcohol
intake, family history of diabetes, intakes of milk and sugar).
Results: Five hundred and nineteen participants met the criteria for incident
diabetes. Compared with those reporting intake of 1–2 servings of coffee/d, coffee
abstainers were at reduced risk (OR 5 0?64; 95% CI 0?43, 0?94). Among coffee
drinkers, there was a significant trend of decreasing risk by intake (P 5 0?02); intake
of $4 servings/d was associated with an odds ratio of 0?75 (95% CI 0?58, 0?97).
Conclusions: Study findings support a protective effect of coffee intake on
diabetes risk, while also suggesting that abstainers may be at reduced risk.
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In the USA and worldwide, rates of type 2 diabetes mellitus

are expected to increase substantially in response to demo-

graphic shifts and the increasing prevalence of important

risk factors for this disease, in particular obesity and

sedentary lifestyle(1). Diabetes is associated with severe mor-

bidity and premature mortality, and so this epidemic poses

a large and increasing burden on global public health.

An understanding of dietary factors that can reduce diabetes

risk may provide the basis for preventive strategies.

It is recognized that in the USA diabetes dispro-

portionately affects Hispanics, particularly Mexican-

Americans and Puerto Ricans. Data from the Hispanic

Health and Nutrition Examination Surveys have found

that the rates of diagnosed diabetes among persons 45–74

years of age are higher for persons of Mexican and Puerto

Rican origin compared with non-Hispanic whites and

blacks(2). According to the Behavioral Risk Factor and

Surveillance System, in 2005 the highest prevalence of

self-reported physician-diagnosed diabetes in the USA

was in the Commonwealth of Puerto Rico(3). Moreover,

age-adjusted mortality from diabetes in the Common-

wealth of Puerto Rico in 2000 was 71?8 per 100 000

population, while the state with the next highest age-

adjusted mortality rate was Louisiana (41?9 per 100 000)

and the overall rate for the USA was 25?2 per 100 000(4).

Thus, identifying behaviours related to incident diabetes

and excess burden of diabetes among Puerto Ricans is of

great public health significance.

In 2002 van Dam and Feskens published their novel

finding of an inverse association between coffee intake

and risk of type 2 diabetes among members of a cohort of

Dutch men and women(5). Many subsequent findings

from prospective studies conducted in Europe, the USA

and Japan have also supported a protective effect of

coffee drinking on risk of diabetes(5–15). Two prospective

studies, one conducted in Finland and the other among

the Pima Indians, did not find this association(16,17).

To date, no studies on the association of coffee with

diabetes risk have been conducted in Hispanic popula-

tions. Available information suggests that Puerto Ricans

differ from other Americans in methods of coffee prepara-

tion(18) and serving size(19); in general, coffee is consumed

in a highly concentrated form and in small portions. Little

information is available regarding the relative frequency of
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coffee intake in this ethnic group. It is not known whether

high diabetes rates observed in Puerto Rico and among

Puerto Ricans living in the eastern USA can be attributed to

differences in coffee intake among Puerto Ricans compared

with non-Hispanic Americans.

Considering the high burden of diabetes among this

under-studied Hispanic subgroup, in the present study we

prospectively examined the association of coffee drinking

and incident diabetes in a cohort of Puerto Rican men.

Methods

The Puerto Rico Heart Health Program (PRHHP) is a

prospective cohort study designed to assess morbidity

and mortality from CHD among Puerto Rican men. This

cohort represents a population-based sample of middle-

aged men drawn from three urban areas and four rural

areas in the north-eastern part of Puerto Rico. Invitations

to participate in the study were sent to 12 167 men who

had been enumerated in house-to-house surveys con-

ducted in the region by personnel of the US Decennial

Census, which had occurred in 1960. Of those invited,

9824 (81 %) enrolled and completed baseline examina-

tions (1965–1968). While the original sampling design for

the cohort included only men aged 45–64 years, some

additional men aged 35–44 years (n 349) and 65–79 years

(n 682) were included in the study to promote good

community relations. After baseline, there were three

subsequent follow-up examinations, which took place

during the years 1968–71, 1971–5 and 1974–7. Study

participants were followed for CHD mortality events over

a 12-year period; however diabetes was assessed only

at baseline and during the first and second follow-up

examinations.

For the present analysis, we excluded participants who

failed to fast (n 3869) or to provide a blood sample at

the baseline examination (n 44), participants who were

ascertained as having diabetes at baseline (n 1095) and

participants who were not given a fasting glucose test on

at least one occasion after baseline (n 131). Thus,

our study includes 4685 participants determined to be

without diabetes at baseline and who provided fasting

samples for glucose testing at one or more subsequent

study visits, occurring between 1968 and 1975. At each

study visit, diabetes was assessed by asking participants

whether they had been diagnosed with the disease by their

physician and whether they used diabetes medications; in

addition, fasting blood samples were drawn for glucose

testing. For the purposes of the study, fasting blood

glucose .126 mg/dl was considered to indicate diabetes

as per criteria delineated by the WHO(20).

During the baseline examination, all men completed an

extensive self-report of demographic characteristics,

personal and family health history and health habits,

including education, occupation, income, history of

smoking and place of residence. Dietary intake was

assessed using a 24 h dietary recall, with food models and

standard-sized utensils used to obtain quantitative

assessments from participants. Intakes of energy and

macronutrients were calculated using the US Department

of Agriculture Handbook #8 food composition tables(21)

or other more direct sources of nutrient analysis for foods

specific to Puerto Rico. It is customary in Puerto Rico

to drink approximately 30ml of highly concentrated coffee

with 118ml of milk. Estimates of milk and sugar intakes

were calculated from 24h recall data and include amounts

of these foods consumed with coffee and separately.

Physical activity was assessed using the Framingham

Physical Activity Index, which is a score representing

participants’ daily energy expenditure based upon self-

reported usual daily activities and their duration(22).

Statistical analyses were done using the Statistical Pack-

age for the Social Sciences statistical software package

version 13?0 (SPSS Inc., Chicago, IL, USA). Logistic regres-

sion models were used to assess associations of the factors

under study with risk of incident diabetes. Coffee intake

was categorized into none (0), 1–2, 3 and $4 servings/d.

For tests of trend, subjects were assigned the median coffee

intake for the category to which they belonged. In our

analysis the following covariates were assessed at baseline:

age, level of education, residence (rural, urban), family

history of diabetes (no, yes), calculated BMI (continuous),

index of physical activity (categorical), cigarette-smoking

status (never, current, and former) and alcohol intake as

reported in a 24h recall (none, any) were all consi‘dered

as potential confounders. For multivariate modelling,

we considered all variables with statistically significant or

near-significant (P , 0?10) crude associations with both

exposure and disease measures as potential confounders.

Parsimonious models included only those variables selected

using a forward-conditional algorithm. Saturated models

included all potential confounding variables. Intakes of

milk and sugar were also included in models as potential

confounders.

The research was approved by the Institutional Review

Board of the University at Buffalo. Study participants gave

informed consent at the time of enrolment.

Results

We examined the association of coffee consumption with

incident diabetes among 4685 PRHHP study participants

without diabetes at baseline. A total of 519 (11 %) parti-

cipants met criteria for incident diabetes over a median

follow-up period of 2?6 years, for an incidence rate of

42?6 per 1000 person-years. Selected baseline character-

istics of the study population and the incidence of dia-

betes are shown in Table 1. In our sample, median age at

the time of diabetes ascertainment was 56 years. Rather

than increasing with age at baseline as expected, diabetes
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incidence remained level across middle age (37–64 years)

and then declined at more advanced ages. This pattern

results from exclusions of prevalent diabetes cases from

the study sample. Incidence of adult-onset diabetes was

higher among those who were more educated, those who

lived in urban areas, who were overweight and especially

obese, less physically active and who had a family history

of diabetes. Incidence of diabetes was lower among those

who were current smokers at baseline. Milk intake, sugar

intake and coffee intake was each inversely associated

with diabetes, while alcohol intake was directly asso-

ciated with diabetes. Median self-reported coffee intake

in the sample of Puerto Rican men was 3 servings daily.

As seen in Table 2, higher coffee intake was significantly

associated with lower educational attainment, rural resi-

dence, normal or low BMI, higher levels of physical

activity, current smoking, no regular alcohol intake and

no family history of diabetes.

Logistic regression models to describe the association

of coffee drinking with incident diabetes are presented in

Table 3. Using 1–2 servings coffee/d as the reference

category, there was an inverse association for coffee

abstainers (OR 5 0?64; 95 % CI 0?43, 0?94) as well as for

those drinking 3 servings/d (OR 5 0?79; 95 % CI 0?69,

1?00) and $4 servings/d (OR 5 0?75; 95 % CI 0?58, 0?97)

after adjusting for covariates. Results were consistent in

Table 1 Rate of incident diabetes (%) in strata of selected covariates among men in the Puerto Rico Heart Health
Program cohort

n % No. of incident cases Crude rate (%) P value*

Age at baseline (years) 0?020
37–44 1264 27?0 147 11?6
45–54 1297 27?7 145 11?2
55–64 1025 21?9 118 11?5
65–77 1099 23?5 109 9?9

Level of education 0?013
No formal education 456 9?7 30 6?6
Grades 1 to 8 2953 63?0 337 11?4
High school and/or college 1276 27?2 152 11?9

Residence ,0?001
Rural 1534 32?7 129 8?4
Urban 3151 67?3 390 12?4

BMI (kg/m2) ,0?001
Underweight (BMI , 18?5) 130 2?8 9 6?9
Normal (BMI 5 18?5–24?9) 2227 47?5 151 6?8
Overweight (BMI 5 25?0–29?9) 1755 37?5 221 12?6
Obese (BMI $ 30?0) 573 12?2 138 24?1

Physical activity index 0?028
First quartile (sedentary) 1155 24?7 134 11?6
Second quartile 1254 26?8 153 12?2
Third quartile 1089 23?2 127 11?7
Fourth quartile (active) 1187 25?3 105 8?8

Smoking status 0?015
Never smoked 1624 34?7 191 11?8
Current smoker 1964 41?9 188 9?6
Former smoker 1097 23?4 140 12?8

Family history of diabetes 0?001
No 3966 84?7 402 10?1
Yes 719 15?3 117 16?3

Alcohol intake (g/week) 0?01
None 3670 78?3 379 10?3
.1 (median 31, SE 1?4) 1014 21?6 140 13?8

Sugar intake (g/d) ,0?001
#24 1068 22?8 154 14?4
25–45 1179 25?2 144 12?2
46–70 1185 25?3 98 8?3
$71 1252 26?7 123 9?8

Milk intake (servings/d)- 0?01
#2 1589 33?9 194 12?2
3–4 1331 28?4 158 11?9
5–6 961 20?5 89 9?3
$7 804 17?2 78 9?7

Coffee intake (servings/d)- 0?002
0 352 7?5 34 9?7
1–2 1919 41?0 262 13?7
3 1079 23?0 108 10?0
$4 1335 28?5 115 8?6

*For nominal variables, P represents the difference in distribution among categories. For quantitative dependent variables, P is for
linear trend in diabetes risk across categories.
-Each serving of coffee is approximately 30 ml, while each serving of milk is 118 ml.
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models using two sets of covariates: the first a parsimo-

nious model using only those variables selected by a

stepwise algorithm; and the second adjusting for other

potential covariates identified in the literature as well as

intakes of milk and sugar, which are often consumed with

coffee and could potentially be associated with diabetes.

When coffee abstainers were excluded, the trend across

categories of intake was statistically significant (P 5 0?02)

after adjustment for age, BMI, index of physical activity,

smoking status, family history of diabetes, education,

alcohol intake, milk and sugar intakes.

A number of additional analyses were conducted to

explore the way that study limitations may have influenced

study findings.

Table 2 Participant characteristics by self-reported baseline coffee intake among men in the Puerto Rico Heart Health Program cohort

Coffee intake (servings/d)*

0 1–2 3 $4
(n 352) (n 1919) (n 1079) (n 1335)

Mean SE Mean SE Mean SE Mean SE P value-

Age at baseline (years) 53?6 0?3 54?2 0?1 54?5 0?2 54?3 0?2 0?152
BMI (kg/m2) 25?6 0?2 25?6 0?1 25?1 0?1 24?5 0?1 ,0?001

n % n % n % n %

Level of education ,0?001
No formal education 18 5?1 173 9?0 122 11?3 143 10?7
Grades 1 to 8 229 65?1 1169 60?9 686 63?6 869 65?1
High school and/or college 105 29?8 577 30?1 271 25?1 323 24?2

Urban residence 268 76?1 1408 73?4 707 65?5 768 57?5 0?149
Physical activity index ,0?001

Quartile 1 (sedentary) 106 30?1 514 26?8 258 23?9 277 20?7
Quartile 2 111 31?5 554 28?9 287 26?6 302 22?6
Quartile 3 62 17?6 466 24?3 234 21?7 327 24?5
Quartile 4 (active) 73 20?7 385 20?1 300 27?8 429 32?1

Smoking status 0?079
Never smoked 140 39?8 770 40?1 351 32?5 363 27?2
Current smoker 108 30?7 723 37?7 474 43?9 659 49?4
Former smoker 104 29?5 426 22?2 254 23?5 313 23?4

Family history of diabetes 57 16?2 310 16?2 163 15?1 189 14?2 0?024
Alcohol intake (g/week) ,0?001

None 276 78?4 1431 74?6 864 80?1 1099 82?3
.1 (median 31, SE 1?4) 76 21?6 488 25?4 214 19?9 236 17?7

Sugar intake (g/d) ,0?001
#24 148 42?0 658 34?3 155 14?4 107 8?0
25–45 67 19?0 541 28?1 281 26?1 291 21?8
46–70 75 21?3 357 18?6 363 33?7 390 29?2
#71 62 17?6 364 19?0 279 25?9 547 41?0

Milk intake (servings/d)* ,0?001
#2 155 44?0 910 47?4 238 22?1 286 21?4
3–4 73 20?7 466 24?3 400 37?1 392 29?4
5–6 63 17?9 321 16?7 241 22?3 336 25?2
$7 61 17?3 222 11?6 200 18?5 321 24?0

*Each serving of coffee is approximately 30 ml, while each serving of milk is 118 ml.
-P is for the linear trend across categories of coffee intake.

Table 3 Odds ratios for the association of coffee intake (quartiles) with incident diabetes among men in the Puerto Rico Heart Health
Program

Self-reported coffee intake (servings/d)*

0 1–2 3 $4

No. of new diabetes cases 352 1919 1079 1335
Total no. of men 352 1919 1079 1335
Person-years of follow-up 953 5258 2958 3665

OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI

Multivariate model 1- 0?66 0?45, 0?97 1?00 referent 0?75 0?59, 0?96 0?69 0?54, 0?87
Multivariate model 2-

-

0?64 0?43, 0?94 1?00 referent 0?79 0?69, 1?00 0?75 0?58, 0?97

*Each serving of coffee represents approximately 30 ml.
-Adjusted for variables selected in a forward-conditional linear model: BMI, family history of diabetes and alcohol intake.
-

-

Adjusted for age, BMI, smoking status, family history of diabetes, education, alcohol intake, index of physical activity, milk and sugar intakes.
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With a single 24 h dietary recall, intra-individual varia-

tion may result in measurements that do not adequately

represent an individual’s usual intake. However, it is

accepted that 24 h recalls provide reasonable group esti-

mates(23). Thus we have also analysed our data from this

perspective, as seen in Table 4, where covariate-adjusted

group means for baseline coffee intake are compared

between participants who developed incident diabetes

during the course of the study and those who did not.

Results are consistent with the findings of logistic

regression analysis, as described above. When coffee

abstainers were included, a near-significant difference in

baseline coffee intake can be discerned (P 5 0?07), with

lower adjusted mean servings of coffee reported by men

who went on to have diabetes compared with those who

remained healthy. When abstainers were excluded from

the sample, a small but highly significant difference in

coffee intake became apparent (P , 0?01).

Results of one methodological study suggest that coffee

intake can be measured reliably using dietary recalls(24),

while another suggests that an individual’s coffee intake

may vary by day of the week(25). Because of the pro-

spective study design, it is likely that any misclassification

of coffee intake would be non-differential and thus would

tend to bias results towards the null. Furthermore, when

logistic models were run on a subset of participants

excluding those with baseline visits occurring on Mondays

(and so whose 24h recalls reflect weekend rather than

weekday habits), results were not meaningfully different

from those presented in Table 3.

Another important limitation of the present research is the

fact that 3869 potentially eligible participants failed to fast

prior to providing blood specimens at baseline or at sub-

sequent study visits. Participants who reported not fasting

at the baseline visit were less likely to be overweight

(P , 0?001), had less education (P , 0?001) and were more

likely to be current smokers (P , 0?001) than those who did

fast. These participants were excluded from the study due to

concerns that inclusion of subjects who were not assessed in

a valid manner for diabetes at baseline could introduce

biases into the study. However, when non-fasting partici-

pants were included in the study sample the same pattern of

associations was seen, with both coffee abstainers and

drinkers of 3 and $4 servings of coffee daily having inverse

associations with diabetes after adjustment for covariates.

A final potential limitation of the research is the relatively

short follow-up time, with a median time of 2?6 years

(range: 2–7 years) from baseline to the last diabetes assess-

ment completed. When coffee intake was compared in

incident diabetes cases ascertained at the first follow-up

visit and those ascertained at the second follow-up visit,

we found higher intake in those whose diabetes was first

ascertained at the earlier time point (P 5 0?08). This pattern

runs counter to what would be expected if early disease led

to a reduction in coffee intake.

Discussion

In the current prospective cohort study of Puerto Rican

men, we found significant associations of coffee intake

with incident diabetes. In comparison to those drinking

1–2 servings/d, both abstaining from coffee and drinking

3 or more servings daily were inversely associated with

incident diabetes. Among coffee drinkers, odds ratios

declined across increasing categories of coffee intake; this

trend was statistically significant (P 5 0?02).

The association of diabetes with coffee intake seen in

the present study among coffee drinkers only is consistent

with results of other cohort and cross-sectional studies on

this topic, which suggest a protective association of coffee

with risk of type 2 diabetes characterized by a monotonic

dose–response extending through the full range of coffee

intake(5–17). The moderate reduction in risk from lowest

to highest intake categories is comparable to those seen

in other prospective studies(26), in spite of differences

between our study and others in methods (disease

ascertainment and exposure measurement) and popula-

tions (ethnicity, coffee preparation and serving size).

While adjusted mean differences in coffee intake by diabetes

outcome are small, odds ratios across the range of

intake suggest that coffee intake can have a modest but

significant impact on risk of disease.

Our finding of an inverse association with diabetes

when coffee abstainers are compared with those having

low coffee intake is in contrast to other studies, which

have not reported the non-linear pattern of associations

shown here. In most prospective studies, participants

reporting no coffee intake appear to be at higher risk

of diabetes compared with coffee drinkers(6,8,11,12); in

Table 4 Adjusted* mean daily servings of coffee- by diabetes outcome among 4685 men in the Puerto Rico Heart Health Program

No diabetes Incident diabetes

Mean SE Mean SE Mean difference SE P value

Among all participants 2?79 0?05 2?64 0?09 0?15 0?08 0?07
Among all coffee drinkers 2?98 0?04 2?76 0?08 0?22 0?08 ,0?01

*Adjusted for age, BMI, physical activity index, smoking status, family history of diabetes, education, alcohol intake, milk and sugar. Covariates appearing in the
model are evaluated at the following values: age 5 54?3 years, BMI 5 25?2 kg/m2 .
-Each serving of coffee represents approximately 30 ml.
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remaining studies, abstainers are considered together

with participants having low coffee intake and so differ-

ences in risk cannot be discerned(5,7,13). In our study

sample, only 352, or 7?5 %, reported no coffee intake.

Abstainers from alcohol have often been found to differ

from others in their health habits and lifestyle choi-

ces(27,28), and the same may be true for coffee in some

populations. We hypothesized that abstaining from coffee

might have been considered a ‘prudent’ health-conscious

lifestyle choice in this population and so tested for asso-

ciations with selected factors. In our study sample, coffee

abstainers were more likely than coffee drinkers to live

in urban areas (P , 0?001), were less likely to have no

formal education (P , 0?01), were less likely to be current

smokers (P , 0?001), and were associated with two out of

three considered markers of a prudent diet. In compar-

ison to coffee drinkers, abstainers had higher intake of

fruits and fruit juices (P , 0?001) and lower intake of

saturated fats (P 5 0?01); no significant association was seen

for vegetable intake. However, when these dietary mea-

sures were added to logistic models of incident diabetes,

it did not significantly attenuate the observed inverse

association of abstaining from coffee with diabetes.

The present study has a number of important strengths,

primary among them being the thorough assessment of

diabetes status both at baseline and during at least one

subsequent study visit. In our study diabetes was assessed

using multiple methods, which included both fasting

glucose tests and self-reports of physician-diagnosed

diabetes and diabetes medication use; thus we avoid a

major pitfall of many epidemiological studies of diabetes,

namely under-diagnosis of this disease, which is often

asymptomatic in its earlier stages. Thus the study benefits

from both effective exclusion of all prevalent cases at

baseline and relatively complete ascertainment of inci-

dent diabetes. In addition, major potential confounders

were assessed, including BMI, physical activity and family

history of diabetes.

In sensitivity analyses we considered a number of study

limitations, including the nature of the coffee intake

measure and the potential biases that could result from

exclusion of the many potentially eligible study partici-

pants who failed to fast prior to their fasting glucose test

and relatively short follow-up times. We do not feel that

our findings can be explained as a result of these limita-

tions. We submit that results of our study support the

hypothesis that coffee intake can be protective with

respect to diabetes risk, but also point to questions about

the shape of the dose–response curve and to the fact

that coffee drinking is a behaviour that may be associated

with dietary patterns or with other lifestyle and health

behaviours that may also influence diabetes risk.

While a coherent body of epidemiological evidence

supports the hypothesis that coffee drinking can be pro-

tective against risk of type 2 diabetes, there are still many

unanswered questions. Type 2 diabetes is a disease with

complex aetiology, and coffee could reduce risk by acting

on one or on multiple pathogenic mechanisms. Coffee

contains substances including caffeine, chlorogenic acids,

Mg and lignans that could reduce diabetes risk through

beneficial effects on energy balance(14), insulin sensitivity(29),

intestinal glucose absorption and b-cell survival(30), liver

function(31) and/or systemic inflammation(29,30). Long-

term intervention trials should be conducted in order to

demonstrate that the association seen in observational

studies represents a causal effect, to assess chemopreven-

tive efficacy and potential adverse effects associated with

varying doses and/or patterns of intake, and to explore

biological mechanisms that may underlie the observed

association between coffee intake and diabetes risk.
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