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ABSTRACT

Background: The long-term effects of caffeine intake on weight
have not been examined prospectively.

Objective: The objective was to assess the relation between caffeine
intake and 12-y weight change.

Design: We conducted a prospective study of 18 417 men and
39 740 women, with no chronic diseases at baseline, who were
followed from 1986 to 1998. Caffeine intake was assessed repeat-
edly every 2—4 y. Weight change was calculated as the difference
between the self-reported weight in 1986 and in 1998.

Results: The participants reported a change in caffeine intake that
varied across quintiles, from decreases of 296 and 342 mg/d to
increases of 213 and 143 mg/d in men and women, respectively.
Age-adjusted models showed a lower mean weight gain in partici-
pants who increased their caffeine consumption than in those who
decreased their consumption, but the differences between extreme
quintiles were small: —0.43 kg (95% CI: —0.17, —0.69) in men and
—0.41 kg (95% CI: —0.20, —0.62) in women. After adjustment for
potential confounders and baseline and change in total energy intake
and other nutrients and foods, the differences remained similar for
men and diminished slightly for women (men: —0.43 kg; 95% CI:
—0.17, —0.68; women: —0.35;95% CI: —0.14, —0.56). Anincrease
in coffee and tea consumption was also associated with less weight
gain. In men, the association between caffeine intake and weight was
stronger in younger participants (P for interaction < 0.001); in
women, the association was stronger in those who had a body mass
index (in kg/m?) =25, who were less physically active, or who were
current smokers (P for interaction < 0.001).

Conclusion: Increases in caffeine intake may lead to a small reduc-
tion in long-term weight gain. Am J Clin Nutr 2006;83:674—80.

KEY WORDS Caffeine intake, long-term weight change, pro-
spective study, type 2 diabetes

INTRODUCTION

Although short-term metabolic studies have suggested ad-
verse effects of caffeine on insulin sensitivity (1), long-term
studies have linked higher coffee consumption with a lower risk
of developing type 2 diabetes mellitus (2). Weight gain is a major
determinant of diabetes, and it is possible that a beneficial effect
of caffeine on weight might contribute to the inverse association
between coffee and diabetes. This hypothesis is supported by
previous short-term studies that showed an increased metabolic
rate and thermogenesis after caffeine consumption (3).

Supplements containing a combination of caffeine and ephe-
dra alkaloids have been widely used as part of weight-loss treat-
ments. This herbal preparation is the only supplement for which
randomized clinical trials indicate some efficacy in weight loss
(4). However, these studies had a duration of =6 mo (5-9) and
did not assess the long-term effect of caffeine. To our knowledge,
only one previous study has examined the association between
caffeine consumption and weight change retrospectively (10).
Therefore, we examined the relation between long-term caffeine
intake and 12-y weight change in 2 large prospective cohort
studies of men and women.

SUBJECTS AND METHODS

Subjects

The Nurses’ Health Study was established in 1976 and in-
cluded 121 700 female registered nurses aged 30-55 y. Every
2y, participants are mailed a follow-up questionnaire to update
information about their medical history, lifestyle, and other risk
factors. A semiquantitative food-frequency questionnaire (FFQ)
was first administered in 1980 and every 2—4 y since then.
Women who did not complete >10 of 61 items on the 1980
dietary questionnaire or had extreme scores for total daily intake
of energy (<500 kcal, or > 3500 kcal) were excluded. In 1984,
the FFQ was expanded to include 126 items. The Health Profes-
sionals Follow-Up Study was established in 1986 with 51 529
male health professionals, including dentists, optometrists, vet-
erinarians, osteopathic physicians, podiatrists, and pharmacists
aged 40—75 y who returned a mailed questionnaire similar to that
used in the Nurses’ Health Study. Information on the cohort is
also updated every 2 y, and newly diagnosed diseases are iden-
tified. Participants who did not complete >70 of 131 food items
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on the 1986 dietary questionnaire or had extreme total daily
intakes of energy (<800 kcal, or >4200 kcal) were excluded.
For these analyses we also excluded participants who reported
cardiovascular disease, diabetes, or cancer at baseline or during
the follow-up and those who did not provide weight measures or
information on caffeine intake in 1986 or 1998, which left 39 740
women and 18 417 men who were followed from 1986 to 1998.

Assessment of caffeine intake and other nutrients

On each dietary questionnaire, participants were asked how
often on average during the previous year they had consumed
caffeinated and decaffeinated coffee, tea, soft drinks, or choco-
late. The participants could choose from 9 responses (never, 1-3
times/mo, 1 time/wk, 2—4 times/wk, 5—6 times/wk, 1 time/d, 2-3
times/d, 4-5 times/d, and =6 times/d). Using US Department of
Agriculture food-composition data (11, 12) supplemented with
other sources, we estimated that the caffeine content was 137 mg/
cup of caffeinated coffee (1 cup = 237 mL), 47 mg/cup of tea, 46
mg/12-0z (340.19 g) can or bottle of cola beverage, 7 mg/oz
(198.45 g) of chocolate candy, and 2 mg/cup of decaffeinated
coffee. We assessed the total intake of caffeine by summing the
caffeine content for the above specific amounts of each food
during the previous year and multiplying this value by a weight
proportional to the frequency of its use. In our validation study
we obtained high correlations between consumption of coffee
and other caffeinated beverages estimated from the FFQ and
consumption estimated from repeated 1-wk diet records for men
[coffee: r = 0.83; tea: r = 0.62; low-calorie caffeinated sodas:
r = 0.67; and regular caffeinated sodas: » = 0.56 (13)] and for
women [coffee: r = 0.78; tea: r = 0.93; and caffeinated sodas:
r = 0.85 (14)]. Change in caffeine intake was calculated as the
difference between the intake in 1986 and in 1998.

Assessment of weight change and other variables

On the baseline questionnaires, we requested information
about age, weight, height, smoking status, physical activity, al-
cohol consumption, and history of chronic diseases. This infor-
mation, with the exception of height, has been updated on the
biennial follow-up questionnaires. Weight change was calcu-
lated as the difference between the weight in 1986 and in 1998.
Body mass index (BMI) at baseline was calculated as weight in
kilograms divided by the square of height in meters. The validity
of self-reported height and weight was evaluated previously (15,
16). The correlation coefficients between self-reported weight
measurements and the average of 2 standardized measurements
were 0.97 for both men and women; the mean difference between
measured and self-reported weights was 1.5 kg.

Change in smoking status was categorized as follows: never
smoker; past smoker in 1986; smoker in 1986 who quit in 1988,
in 1990,in 1992,1in 1994, in 1996, or in 1998; and current smoker
in 1998 (including those who smoked throughout the follow-up
period and those who started smoking at some point during this
time). Physical activity was assessed by asking participants
about the average time spent per week during the preceding year
on specific activities, such as walking or hiking outdoors, jog-
ging, running, bicycling, swimming, tennis, squash, racquetball,
rowing, and calisthenics (17). The time spent in each activity in
hours per week was multiplied by its typical energy expenditure,
expressed in metabolic equivalent tasks (MET) and then summed
over all activities to yield a MET-h score. The validity and re-
producibility of the physical activity questionnaire were reported

previously (18, 19). Alcohol consumption was calculated as the
sum of the amount of alcohol in any wine, beer, and liquor
consumed, multiplied by the average number of servings per day
(11). The validity and reproducibility of alcohol intake were also
evaluated (20). Changes in physical activity and alcohol con-
sumption were calculated as the difference between the values
reported in 1986 and in 1998.

Statistical analysis

Participants were classified in quintiles according to their lev-
els of change in caffeine intake to avoid a linearity assumption
and to reduce the effect of outliers. We used age-adjusted and
multivariate linear regression to examine the association be-
tween change in caffeine intake and 12-y weight change (kg). We
calculated least-squares means for changes in body weight across
categories of change in caffeine intake after adjustment for age,
change in smoking status, and baseline and change in physical
activity (MET-h/wk) and alcohol consumption (g/d). Addition-
ally, we adjusted for BMI at baseline, because weight change can
depend on initial weight (21), and for baseline and change in
intake of nutrients or foods that were previously associated with
an increase or decrease in body weight: total energy intake (kcal/
d), trans fatintake (% of energy), glycemic load, total fiber (g/d),
whole grain intake (g/d), low- and high-calorie soft drinks (serv-
ings/d), and fruit and vegetables (servings/d) (17, 22-25). All
nutrient values, including caffeine, were energy-adjusted by us-
ing the residual method (26). To test for linear trends across
categories, we modeled the change in caffeine intake as a con-
tinuous variable using the median value of each quintile. We also
examined the association of changes in coffee, tea, and decaf-
feinated coffee consumption with weight change. Finally, we
conducted stratified analyses by categories of age, smoking sta-
tus, BMI, physical activity, and alcohol consumption. All anal-
yses were performed with the use of SAS software (version 8.2;
SAS Institute Inc, Cary, NC).

RESULTS

The characteristics of the study populations by quintiles of
change in caffeine intake are shown in Table 1. Participants in
the lower quintiles decreased their caffeine intake between 1986
and 1998 and those in the higher quintiles increased their intake.
An increase in caffeine intake was associated with a smaller
increase in physical activity and a larger reduction in alcohol
consumption in women. Participants in the higher quintiles re-
duced the total amount of calories in their diets mainly as a result
of a lower intake of fat not compensated for an increase in car-
bohydrate intake. Most of the increase in caffeine consumption
came from coffee.

During 12 y of follow-up, participants reported a change in
caffeine intake that varied across quintiles from a decrease of 294
mg/d to an increase of 211 mg/d in men and from —317 to 141
mg/d in women (Table 2). Age-adjusted models showed less
mean weight gain in participants who reported an increment in
caffeine consumption than in those who decreased their con-
sumption. However, the differences between extreme quintiles
were small: —0.43kg (95% CI: —0.17, —0.69) inmen and —0.41
kg (95% CIL: —0.20, —0.62) in women. After adjustment for
potential confounders and baseline and change in nutrient and
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TABLE 1

Characteristics of the population at baseline (1986) and change (1986-1998) by quintile (Q) of change in caffeine intake in the Health Professionals

Follow-Up Study (HPFS) and in the Nurses’ Health Study (NHS)’

Changes in caffeine intake in men in the HPFS

Changes in caffeine intake in women in the NHS

Q1 Q3 Q5 P for Ql Q3 Q5 P for
(n = 3683) (n = 3683) (n = 3684) trend (n = 7945) (n =7952) (n =7948) trend
Caffeine intake in 1986 (mg/d) 550 + 4.22 105 £ 2.4 180 £ 3.1 < 0.001 493 + 1.8 195+ 1.8 197 £ 1.8 < 0.001
Caffeine intake in 1998 (mg/d) 199 £ 3.1 98 £24 437 £ 4.0 < 0.001 143 £1.8 145+ 1.8 379 £ 1.8 < 0.001
Change in caffeine intake (mg/d) =351 £3.1 -7+02 25725 <0.001 —350+*1.4 =50 £0.2 182+ 1.5 < 0.001
Age in 1986 (y) 52.0+0.1 51.7+0.1 50.4 £ 0.1 < 0.001 51.5+0.08 51.8 +0.08 51.1 £0.08 < 0.001
Age in 1998 (y) 64.0 £ 0.1 63.7 0.1 624+ 0.1 < 0.001 63.5+0.08 63.8 +0.08 63.1 +0.08 < 0.001
Current smokers in 1986 (%) 12.1 4.5 9.5 < 0.001 23.4 14.8 19.6 < 0.001
Current smokers in 1998 (%) 4.4 2.7 4.7 < 0.001 8.6 6.4 9.2 < 0.001
Hypertension in 1986 (%) 15 15 16 0.63 11 13 12 0.03
Hypertension in 1998 (%) 35 30 30 < 0.001 39 39 35 < 0.001
Hypercholesterolemia in 1986 (%) 10 9 10 0.72 5 7 6 0.004
Hypercholesterolemia in 1998 (%) 46 42 46 0.53 55 55 53 0.003
Physical exercise in 1986 20.7+0.5 245+05 227+05 < 0.001 13.3+0.2 15.1 £0.2 15.0+0.2 < 0.001
(MET-h/wk)
Change 129 £0.7 158 £0.7 11.9+0.7 0.25 45+03 37+03 28+03 < 0.001
Alcohol consumption in 1986 (g/d) 13.1£0.2 9.1+£02 128 £0.2 < 0.001 6.7+0.1 6.3+0.1 6.6 0.1 < 0.001
Change —-02+02 03+02 —0.6 £0.2 0.47 —08 £0.1 —-09+0.1 =15%0.1 < 0.001
Total energy intake in 1986 (kcal) 1892 £9.9 2047 £9.9 2008 £9.9 < 0.001 1679 £ 5.7 1815 £5.7 1731 £5.7 < 0.001
Change 119£93 —2+93 —104 £9.3 < 0.001 61 +55 8+55 —140£55 < 0.001
Carbohydrate intake in 1986 (% of 455+ 0.1 48.8 £ 0.1 46.5 £ 0.1 < 0.001 475 %0.1 489 £ 0.1 479 £ 0.1 < 0.001
energy)
Change 48 £0.1 44£0.1 43£0.1 < 0.001 64 +0.1 6.1 £0.1 6.0 £0.1 0.001
Protein intake in 1986 (% of energy) 183+ 0.1 184+ 0.1 185+ 0.1 0.04 18.7 £ 0.04 18.4 = 0.04 18.8 = 0.04 0.04
Change —0.7 £ 0.1 -0.8 £0.1 —-1.1+0.1 0.001 —1.6 £ 0.04 —1.5+£0.04 —1.7 £0.04 0.008
Total fat intake in 1986 (% of energy) 327%0.1 314 £0.1 31.9£0.1 < 0.001 33.2 £ 0.06 324 +0.06 32.8 +0.06 < 0.001
Change —-3.0+0.1 —-28£0.1 —24+0.1 < 0.001 —4.0 £0.08 —3.9+0.08 —3.6 £0.08 < 0.001
trans Fat intake in 1986 (% of energy) 1.3 +£0.01 1.2 +£0.01 1.2 +£0.01 < 0.001 1.7 £ 0.01 1.7 £ 0.01 1.7 £ 0.01 < 0.001
Change 0.39 +0.01 0.37 +£0.01 0.44 +0.01 0.005 —0.11%£0.01 —0.11%£0.01 —0.06=*0.01 < 0.001
Glycemic load in 1986 120 £ 0.4 130 £ 0.4 123 £ 0.4 < 0.001 96 £ 0.2 100 0.2 98 £0.2 < 0.001
Change 15+£04 13+£04 1204 < 0.001 19+0.2 17+0.2 17+0.2 < 0.001
Total fiber intake in 1986 (g/d) 19.7 £ 0.1 219 £0.1 20.8 £ 0.1 < 0.001 17.2 + 0.06 17.8 + 0.06 17.6 £ 0.06 < 0.001
Change 3.6 0.1 32+0.1 2.6 +£0.1 < 0.001 2.2 £0.06 2.0 £0.06 1.6 = 0.06 < 0.001
Whole-grain intake in 1986 (s/d) 19.7+03 24.7+0.3 225+0.3 < 0.001 13.9+0.2 149 +0.2 145 +0.2 < 0.001
Change 127+04 120+ 04 10.8 £ 0.4 < 0.001 12.1 £0.2 11.0+0.2 10.7 £0.2 < 0.001
Fruit and vegetable intake in 1986 5.0 £0.05 5.9 +£0.05 5.5+0.05 < 0.001 12.4 £0.05 13.5 +0.06 13.0 £ 0.06 < 0.001
(s/d)
Change 1.2 £0.05 0.9 +0.05 0.3 +£0.05 < 0.001 —6.9 £ 0.05 —7.6 £0.05 —7.8+0.05 < 0.001
Coffee intake in 1986 (cups/d) 3.1 £0.01 0.5 +£0.02 1.0 £0.02 < 0.001 4.8 +0.01 1.9 +0.02 2.0 £0.02 < 0.001
Change —1.9 £0.02 0+ 0.01 1.57 £ 0.02 < 0.001 —3.9 +0.01 —0.9 +0.01 0.3 +0.02 < 0.001
Tea intake in 1986 (cups/d) 0.7 £ 0.02 0.3 £0.01 0.3 £0.01 < 0.001 1.4 +£0.02 1.1 £0.02 0.8 £0.01 < 0.001
Change —2.8+0.03 —0.3 £0.02 —0.6 £ 0.03 < 0.001 —4.5 £ 0.02 —1.5+0.02 —1.5+0.03 < 0.001
High-calorie soft drink intake in 1986 0.3 £0.01 0.3 £0.01 0.2 +0.01 0.18 0.3 +0.01 0.4 £0.01 0.3 £ 0.01 < 0.001
(s/d)
Change —0.04 £ 0.01 —0.04 £ 0.01 —0.03 £ 0.01 0.02 —0.2 £0.01 —0.3 £ 0.01 —0.2£0.01 < 0.001
Low-calorie soft drink intake in 1986 0.6 + 0.02 0.5 +0.01 0.6 + 0.02 0.002 0.9 +0.01 0.9 +0.01 1.2 +£0.02 < 0.001
(s/d)
Change —0.06 = 0.02 —0.06 + 0.01 0.05 = 0.02 < 0.001 —0.4 £ 0.01 —0.4 £0.01 —0.5 £ 0.02 < 0.001
Chocolate intake in 1986 (s/d) 0.1 £0.01 0.1 £0.01 0.1 £0.01 0.66 0.2 +0.01 0.3 +0.01 0.2 +£0.01 0.03
Change —0.01 +0.01 0+ 0.01 —0.01 £ 0.01 0.91 —0.1 £0.01 —0.1 £ 0.01 —0.1 £0.01 0.51

! MET, metabolic equivalents; s, servings. 1 cup = 237 mL. All data, except age, were directly standardized to the age distributions of the entire cohorts.

2 ¥ * SE (all such values).

food intakes, the differences remained similar. Further adjust-
ment for energy intake, a possible mediator in the relation be-
tween caffeine and weight change, did not change the differences
between quintiles for men (—0.43 kg; 95% CI: —0.17, —0.68)
but did diminish these differences slightly in women (—0.35 kg;
95% CI: —0.14, —0.56). The P values for trend across quintiles

were significant for all the models. When we additionally ad-
justed for sugar intake and whole milk consumption, we obtained
similar results.

We examined the association between the main sources of
caffeine in the diet and weight change and found that an increase
in coffee consumption was inversely associated with weight gain
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TABLE 2

Twelve-year weight change (kg) by quintile (Q) of change in caffeine intake (mg/d)

Change in caffeine intake

P for
Ql Q2 Q3 Q4 Q5 trend’
Men
Participants () 3683 3683 3683 3684 3684
Median intake (mg/d) —294 —80 -5 36 211
Age-adjusted model 3.22 £ 0.09° 2.70 £ 0.09 2.36 = 0.09 2.81 £0.09 2.79 £ 0.09 0.001
Multivariate model” 3.18 £ 0.09 2.71 £ 0.09 2.56 = 0.09 2.75 £ 0.09 2.68 £ 0.09 < 0.001
Multivariate model” 3.14 £ 0.09 2.69 £ 0.09 2.57 £ 0.09 2.78 £ 0.09 2.71 £ 0.09 0.001
‘Women
Participants (1) 7945 7951 7952 7944 7948
Median intake (mg/d) —-317 —144 -50 5 141
Age-adjusted model 4.28 £0.07 4.03 £0.07 3.89 + 0.07 3.86 = 0.07 3.87 £ 0.07 < 0.001
Multivariate model” 4.21 £0.07 4.07 £ 0.07 3.99 + 0.07 3.89 = 0.07 3.76 £ 0.07 < 0.001
Multivariate model” 4.17 £0.07 4.05 £0.07 3.96 = 0.07 3.93 +0.07 3.81 £ 0.07 < 0.001

! P value from the models in which the change in caffeine intake was modeled as a continuous variable with the use of the median value of each quintile.

2 X + SE (all such values).

7 Multivariate linear regression model adjusted for age (5-y categories), BMI at baseline (continuous; in kg/m?), change in smoking status (never; past
smoker in 1986; smoker in 1986 who quit in 1988, in 1990, in 1992, in 1994, in 1996, or in 1998; and current smoker in 1998), baseline and change in physical
activity and alcohol intake (quintiles), quintiles of baseline and change in frans fat intake, glycemic load, total fiber and whole-grain intakes, and quartiles of
baseline and change in low- and high-calorie soft drink intake, and fruit and vegetable consumption.

# Multivariate linear regression model with additional adjustment for quintiles of baseline and change in energy intake.

in women but less clearly in men. Similar associations were
observed for tea consumption (Table 3). In addition, we exam-
ined the role of decaffeinated coffee, because it has a small
amount of caffeine but all the other components of coffee. Inter-
estingly, we found amodest inverse association with weight gain.

We also examined the association between caffeine intake and
weight change stratified by known risk factors for weight gain
(Table 4). In men, the association was stronger in younger par-
ticipants (P for interaction < 0.001). In women, we observed
stronger associations in smokers, women with a BMI = 25, and
less physically active persons (P for interaction < 0.001).

In additional analyses, we excluded participants who reported
having hypertension or hypercholesterolemia at baseline or dur-
ing the follow-up because they could have changed their caffeine
intake in response to the diagnosis. The differences in weight
gain between extreme quintiles of change in caffeine intake did
not vary significantly in men (multivariate adjusted mean: —0.40
kg; 95% CI: —0.03, —0.70) or in women (multivariate adjusted
mean: 0.38 kg; 95% CI: —0.03, —0.74). We also performed an
analysis in which we excluded participants who reported to have
lost =5 kg before 1986, because weight loss has been shown to
be associated with a subsequent greater weight gain (27), and the
results were similar.

DISCUSSION

In this large longitudinal study, an increase in caffeine intake
during 12 y was associated with slightly smaller weight gains in
men and women. In addition, an increase in coffee or tea con-
sumption was also associated with a smaller weight gain.

Randomized clinical trials have found that the combination of
caffeine and ephedrine is modestly effective in short-term weight
loss (57, 9). Ephedrine is an adrenergic alkaloid with thermo-
genic and appetite-suppressant properties (28), which is obtained
from the plant ma huang (Ephedra sinica). Caffeine is often
combined with ephedrine because it boosts ephedrine’s thermo-
genic effect (8, 29). However, dietary supplements containing

ephedra alkaloids have also been associated with adverse car-
diovascular outcomes (30). For this reason, the National Insti-
tutes of Health guidelines recommend against the use of herbal
preparations as part of a weight-loss program (31).

Caffeine alone has several important metabolic effects. Caf-
feine is an adenosine-receptor antagonist (32), and all tissues
with adenosine receptors can be affected by caffeine exposure.
Spriet et al (33) reported that caffeine stimulates fat utilization in
muscle tissue during exercise. In addition, Astrup et al (3) re-
ported a dose-dependent increase in basal energy expenditure
with caffeine intake in healthy subjects who had moderate ha-
bitual caffeine consumption. They attributed this effect to an
increase in lactate and triacylglycerol production and increased
vascular smooth muscle tone. Acheson et al (34) suggested that
caffeine may stimulate thermogenesis by increasing lipid turn-
over. All the above mechanisms suggest a beneficial effect of
caffeine on energy metabolism. In addition, because we adjusted
our analyses for total energy intake and soft drink consumption,
we believe that the inverse association between caffeine and
weight cannot be due to a replacement of high-calorie food con-
sumption by low-calorie fluid ingestion. Finally, epidemiologic
studies have consistently reported a decreased risk of developing
type 2 diabetes in heavy coffee drinkers (35-38). Although it is
unlikely that the modest association between caffeine and weight
change can explain the beneficial effect of coffee on type 2
diabetes, it may contribute to it.

The observed association between decaffeinated coffee and
smaller weight gain may indicate that the effect of coffee could
be due to compounds other than caffeine. For example, chloro-
genic acid in coffee is able to attenuate glucose absorption in the
digestive track, which could help control weight (39). The stron-
ger effect of caffeine in female smokers is interesting because
there is evidence of a synergistic effect between caffeine and
smoking on energy expenditure (40). In a clinical trial with 12
healthy normal-weight subjects who were advised to chew 7
types of gum containing different doses of nicotine and caffeine,
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TABLE 3

Twelve-year weight change (kg) by quintile (Q) of change in consumption of foods containing caffeine’

Change in consumption

P for
Ql Q2 Q3 Q4 Q5 trend?
Men
Caffeinated coffee
Median (cups/d) -2.0 -0.3 0 0.2 1.5
Age-adjusted model 2.99 + 0.09° 2.69 +0.14 2.67 = 0.06 2.66 +0.15 2.88 + 0.09 0.24
Multivariate model” 3.01 £0.11 2.70 £ 0.15 2.81 = 0.07 2.66 = 0.15 2.69 + 0.10 0.07
Multivariate model® 3.02 £0.11 271 £0.15 2.81 = 0.07 2.65+0.15 2.68 = 0.10 0.04
Tea
Median (cups/d) 2.5 —-1.7 -0.4 0 0.4
Age-adjusted model 3.04 = 0.09 2.78 £ 0.10 2.89 £ 0.10 2.55 £0.09 2.61 £ 0.09 < 0.001
Multivariate model” 2.61 £0.16 2.80 £ 0.13 3.02 £ 0.13 2.78 £0.13 2.86 + 0.13 0.40
Multivariate model’ 2.61 £0.16 2.81 £0.13 3.01 £0.13 2.78 £0.13 2.85 £ 0.13 0.42
Decaffeinated coffee
Median (cups/d) —-1.5 —0.08 0 0.06 0.65
Age-adjusted model 3.22 +0.09 3.00 £ 0.12 2.64 + 0.06 2.19+0.43 2.67 = 0.09 < 0.001
Multivariate model” 3.12 £ 0.10 2.95+0.12 2.71 = 0.06 2.17 £ 0.42 2.65 + 0.09 < 0.001
Multivariate model® 3.14 £ 0.10 2.94 +0.12 2.71 = 0.06 2.20 + 0.42 2.63 + 0.09 < 0.001
Women
Caffeinated coffee
Median (cups/d) -3.5 -2.0 -1.5 —-0.08 0.3
Age-adjusted model 427 +£0.07 3.76 = 0.07 3.81 = 0.09 4.06 £ 0.08 3.94 + 0.08 0.03
Multivariate model” 4.26 = 0.09 3.80 = 0.09 3.80 = 0.09 4.16 £ 0.11 3.82 £ 0.09 0.005
Multivariate model’ 4.28 +£0.09 3.80 = 0.09 3.80 = 0.09 4.16 £ 0.11 3.80 £ 0.09 0.002
Tea
Median (cups/d) —4.5 —4.4 —2.4 —0.08 0.4
Age-adjusted model 4.09 £ 0.07 4.04 £ 0.09 3.78 = 0.08 4.05 + 0.08 3.95 +0.08 0.43
Multivariate model” 4.18 £0.14 430 +0.15 3.88 +0.12 3.85 +0.16 3.75+0.15 0.05
Multivariate model® 421 £0.14 433 +0.15 3.89 +0.12 3.82 £ 0.16 3.71 £ 0.15 0.03
Decaffeinated coffee
Median (cups/d) —-4.07 -1.0 —-0.14 —-0.08 0.35
Age-adjusted model 4.41 £ 0.08 4.01 £0.08 4.02 £0.16 3.95 + 0.06 3.82 +0.08 0.007
Multivariate model” 4.04 +0.08 3.98 + 0.08 4.03 £0.15 4.00 £ 0.06 3.86 + 0.07 0.24
Multivariate model’ 4.09 = 0.08 4.00 £ 0.08 4.05 £0.15 4.00 £ 0.06 3.79 £ 0.08 0.07

"1 cup = 237 mL.

2 P value from the models in which the change in caffeine intake was modeled as a continuous variable with the use of the median value of each quintile.

9 X + SE (all such values).

# Multivariate linear regression model adjusted for age (5-y categories), BMI at baseline (continuous; in kg/m?), change in smoking status (never; past
smoker in 1986; smoker in 1986 who quit in 1988, in 1990, in 1992, in 1994, in 1996, or in 1998; and current smoker in 1998), baseline and change in physical
activity and alcohol intake (quintiles), quintiles of baseline and change in trans fat intake, glycemic load, total fiber and whole-grain intakes, and quartiles of
baseline and change in low- and high-calorie soft drink intake, and fruit and vegetable consumption. Caffeinated coffee, decaffeinated coffee, and tea were

adjusted simultaneously.

° Multivariate linear regression model with additional adjustment for quintiles of baseline and change in energy intake. Caffeinated coffee, decaffeinated

coffee, and tea were adjusted simultaneously.

the addition of 50 mg caffeine to 1 or 2 mg nicotine significantly
enhanced the thermogenic effect of nicotine and also reduced ap-
petite (41). This synergism might be explained by the complemen-
tary physiologic effects of nicotine and caffeine: nicotine increases
norepinephrine release, which stimulates B-adrenoceptors in the
thermogenic target tissues, whereas caffeine acts by amplifying the
postreceptor signal via antagonism of the effect of adenosine and
inhibition of cyclic AMP (42).

Although we have focused on changes in caffeine intake dur-
ing follow-up, it is possible that the effect of caffeine might also
be observed in the participants who decreased their caffeine
consumption. Dulloo et al (43) showed that the administration of
100 mg caffeine (less than the amount of caffeine in a cup of

coffee) increased the resting metabolic rate by 3—4% and im-
proved diet-induced thermogenesis in lean and obese subjects.
When we performed the analyses by adjusting for baseline caf-
feine intake, the increase in caffeine intake was still associated
with less weight gain. A limitation of our study was that infor-
mation on weight was self-reported. However, our validation
study indicated that self-reported weight was highly correlated
with measured weight (15, 16). Some measurement error in the
assessment of caffeine intake will also have occurred because we
estimated caffeine intake from self-reported food consumption.
However, the validation data showed that coffee and tea, the
main sources of caffeine, were among the more accurately re-
ported foods in the FFQ (13, 14). Finally, because this was an
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TABLE 4
Twelve-year weight change (kg) by quintile (Q) of change in caffeine intake, stratified by age, smoking, BMI, physical activity, and alcohol consumption
in 19867
Change in caffeine intake
P for
Ql Q2 Q3 Q4 Q5 interaction®
Men
Participants (1) 3683 3683 3683 3684 3684
Median intake (mg/d) —294 —80 =5 36 211
Age (y)’
<50 4.88 +0.14* 4.01 £0.14 3.96 £ 0.14 4.00 £0.13 4.01 £0.13 < 0.001
=50 1.64 £ 0.12 1.40 £ 0.12 1.24 £ 0.12 1.67 £ 0.13 1.58 £ 0.13
Smoking status
Never 3.16 £ 0.14 2.59 +0.12 2.54 £0.11 272 £0.11 2.64 £0.13 0.33
Past 293 £0.13 2.56 £ 0.15 2.39 £ 0.17 2.65 +0.16 2.66 £ 0.14
Current 4.27 +0.35 371 £043 3.01 £0.57 3.98 = 0.49 3.06 = 0.39
BMI (kg/m?)
<25 2.84 £0.11 2.34 +0.10 2.35 £ 0.10 2.56 = 0.10 2.62 £ 0.11 0.64
25-29.9 343 £0.14 312 £0.14 2.90 = 0.16 293 £0.15 2.65 = 0.14
=30 345+ 0.62 2.77 £ 0.61 2.67 £0.76 3.10 £ 0.71 391 +0.64
Physical activity (MET-h/wk)?
<13.6 3.09 £0.14 2.62 £0.14 2.34 £ 0.15 2.62 £ 0.14 2.60 £ 0.14 0.74
=13.6 320 +0.12 2.78 = 0.12 2.72 £0.12 292 +0.12 2.88 £0.12
Alcohol consumption (g/d)
0-4.9 3.08 £0.15 2.59 £0.14 271 £0.13 287 £0.14 2.83 £ 0.15 0.82
5-9.9 338 +0.23 2.83 £0.22 243 +0.23 2.79 +£0.23 3.03 £0.21
=10.0 2.82 £ 0.23 2.84 £0.23 2.35 £ 0.25 2.61 £0.23 2.58 £0.22
Women
Participants (n) 7945 7951 7952 7944 7948
Median intake (mg/d) -317 —144 -50 5 141
Age (y)’
<50 6.07 £0.12 579 £0.12 591 £0.12 5.77 £0.12 5.61 £0.11 0.68
=50 2.61 £ 0.10 2.52 +£0.10 2.25 £0.10 2.35+0.10 2.23 £0.10
Smoking status
Never 3.78 £ 0.12 3.72 £ 0.10 3.64 £0.10 3.58 = 0.09 3.69 +0.11 < 0.001
Past 3.90 = 0.12 391 £0.12 3.84 £0.12 4.01 £0.13 3.78 £ 0.12
Current 5.76 = 0.18 5.25+0.20 5.00 £ 0.22 4.76 = 0.24 4.10 = 0.19
BMI (kg/m?)
<25 3.91 = 0.08 3.97 £ 0.07 3.88 £ 0.07 3.79 = 0.08 4.06 £ 0.08 < 0.001
25-29.9 4.86 = 0.15 4.56 = 0.15 4.36 = 0.15 4.60 = 0.15 4.04 = 0.15
=30 375 £0.38 3.17 £0.36 3.60 £ 0.35 325 %035 1.85 £ 0.36
Physical activity (MET-h/wk)?
<79 432 +0.11 393 £0.11 3.86 = 0.12 3.80 £ 0.12 3.65 £ 0.11 < 0.001
=79 3.99 +0.10 4.18 £0.10 4.04 +£0.10 4.08 £0.10 3.96 = 0.10
Alcohol consumption (g/d)
0-4.9 4.29 = 0.09 4.29 = 0.10 4.12 = 0.09 4.17 = 0.09 4.03 = 0.09 0.19
5-9.9 4.40 £ 0.20 3.89 +0.21 427 £0.21 4.00 £ 0.23 3.98 £ 0.21
=10.0 3.81 £0.20 3.65 +0.21 3.51 £0.21 343 +0.23 3.37 £0.21

! Adjusted for age (5-y categories), BMI at baseline (continuous; kg/m?), change in smoking status (never; past smoker in 1986; smoker in 1986 who quit
in 1988, in 1990, in 1992, in 1994, in 1996, or in 1998; and current smoker in 1998), baseline and change in physical activity and alcohol intake (quintiles),
quintiles of baseline and change in rans fat intake, glycemic load, total fiber and whole-grain intakes, and quartiles of baseline and change in low- and
high-calorie soft drinks and fruit and vegetable consumption, except for the stratification variable in each model. MET, metabolic equivalents.

2 P value from the Wald test calculated for the estimate of the interaction term between coffee intake and each stratification variable.

7 We used the median of age and physical activity in men and women to create the dichotomous stratification variables.

4% + SE (all such values).

observational study, we cannot infer causality for the association
between caffeine and weight change.

In conclusion, this study suggests that an increase in caffeine
intake was associated with a smaller weight gain over 12 y of
follow-up. Although this study does not support the use of caf-
feine as a weight-loss strategy, its effect on the population might
have public health relevance given the widespread intake of
caffeinated beverages. [ ]
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